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Pure Red. The Evolution of a Colour Idea in Trichromacy

«What does ‹simple redness› look like [...]? How do you know the quality exists if it 
is not expressed by a certain colorant?» asks Ian Lawson with reference to the «sim-
plicem ruborem» that, in 1613, the Jesuit mathematician Francis Aguilón looked for 
among common red colourants.1 Similarly, Eckhart Heimendahl and Carl Friedrich 
von Weizsäcker formulate questions about Goethe’s «ganz reines Roth»: «A ‹pure 
red›, what colour is that? [...] Which idea of red is tacitly accepted as binding when 
one speaks of the basic colour red? [...] Spectral red or purple-red?».2

In the same vein, our paper analyses these questions within a particularly im-
portant historical strand: the discussion of what specific material came closer to 
‹simple›, ‹pure›, ‹true› or ‹perfect› red during the 18th century, and how that very 
notion emerged and was understood in trichromacy, a theory which claimed that 
three chromatic colours (red, blue, yellow) could produce all others.

Trichromacy was developed from painters’ first-hand experience and then ad-
opted in colour theories. While many painters supported this theoretical approach, 
they also knew that many brown, black, white and green hues existed as colou-
rants. Yet some practitioners and scholars such as Jacob Christoff Le Blon (1667–
1741) and Johann Heinrich Lambert (1728–1777) reduced the painters’ palette to 
just three colourants to demonstrate the practicability of trichromacy. The right 
red hue was the most discussed one because it was available in the largest spec-
trum of colourants.3 In the course of those discussions, the notion of ‹pure› red 
shifted most significantly from the 17th-century deep red of vermilion to the mid 
18th-century magenta-coloured carmine.

In our paper, we shall present that remarkable development in detail and ask: What 
was meant by ‹simple›, ‹pure›, ‹true› or ‹perfect› red? What considerations and argu-
ments did the historical actors present, in what practical and conceptual contexts? 
Was it due to the empirical mixing of colourants or did also theoretical investiga-
tions contribute to it? What possible consequences did this change of ‹pure›-red 
understanding have in science and practice? And, more generally, what was the 
background of naming those colours exactly ‹simple›, ‹pure›, ‹true› or ‹perfect›, i. e. 
with terms that could point to wider ontological frameworks and commitments? In 
pursuing those questions, our article presents first results of an ongoing research 
project that investigates the connections between colour names and colourants.4

Simple Colours in Trichromacy
The idea that a small number of colours can produce all others reaches back to 
painters’ practical experiences with colour mixing. Rather explicit formulations 
of trichromacy can already be found in the Florentine Renaissance. Leon Battista 
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Alberti identified in the painters’ practice four «colorum vera genera»: red, blue, 
green/yellow, and grey (i. e. white + black), discriminating the basic chromatic 
triad (red, blue and green/yellow) from the non-chromatic colours white and black.5 
From the early 17th century, such an approach was further developed and illustrat-
ed with diagrams in some general treatises on light and colour, e. g. in Aguilón’s 
Opticorum Libri Sex, Athanasius Kircher’s Ars Magna Lucis et Umbrae (1646) and Jo-
hannes Zahn’s Oculus Teledioptricus (1685).6

Many trichromatists7 assumed that not only colourants but also those colours 
called «colores apparentes», which were seen in rainbows, generated by lens-
es, glass containers filled with water, and prisms, followed the universal law of 
trichromacy.8 This assumption based on the experience of painters with pigments 
and of natural philosophers with coloured glass panes: For instance, the mixing or 
superimposing of yellow and blue produce green.9 While prismatic colours were 
described as more spectacular and brilliant than colourants, trichromatists rarely 
distinguished them10 and sometimes claimed that skilled painters could imitate 
them with pigments.11 The Dutch baroque art theory also formulated the arrange-
ment and shine of rainbow colours as a model of colour harmony.12 Similarly, some 
18th-century trichromatists regarded the order of spectral colours as the pictorial 
paradigm for harmony.13 However, the trichromatic theory as formulated in the 17th 
century was about hues and not colourants,14 and thus the relationship between 
these colours was always a sensitive point often only discussed in passing.

In this regard, a look at the terminology is revealing. Trichromatists referred 
to the three main colours in different terms such as «Hooftverwen»,15 «Hauptfar-
ben»,16 «couleurs principales»,17 «prime or principal colours»,18 «primitive colours»,19 
«couleurs primitives»,20 or «colores simplices».21 This last expression indicates the 
problem strikingly: The Latin word simplicia was widely used in 16th- and 17th-cen-
turies medical and painting practices. Simplicia were plants, spices, minerals, roots, 
animals or animal products that constituted the basic materials for drugs and co-
lourants.22 To call the main trichromatic colours simplices disaccorded with the pic-
torial practice, where all colourants were considered ‹simple› and subsumed under 
colour groups (e. g. ultramarine or indigo under blue).

The issue is evident in some 17th-century painting manuals supporting trichro-
macy such as Johannes Scheffer’s Graphice, id est, de arte pingendi (1669) and Willem 
Beurs’ De groote waereld in ‘t kleen geschildert (1692). Scheffer indicated three «sim-
plices colores» but listed six red, seven yellow and four blue colourants.23 Similarly, 
Beurs highlighted three «main colours or main materials of the oil colours» (yellow, 
red, and blue) but provided altogether 18 colourants.24 These examples are illus-
trative of the unresolved tension between primary hues and their matching colou-
rants and seem to explain Aguilón’s search for the «simplicem ruborem» among 
red pigments.

From the late 17th century onwards, a lively discussion arose on the subject. Phi-
losophers, mathematicians and artists asked themselves what colourants could be 
primaries. Choices were based, e. g., on hue and chemical properties.25 Yet, in the 
18th century, these choices clashed with the first attempts to visualise trichromacy 
through colourant-mixing diagrams, and the challenge of defining the criteria of 
primary colours became strikingly blatant. These diagrams originated in the unco-
loured ones published in the treatises on light and colours of Aguilón, Kircher and 
Zahn.
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Trichromacy and Prismatic Colours
The leading question of this section is whether the three primaries could have 
been taken from the rainbow or optical experiments with the prism. As mentioned, 
trichromatists often referenced to the colours of the rainbow or those exhibited by 
the prism. Trichromacy’s basic idea was that main colours can produce all others 
and especially some secondaries, such as green, purple, violet and orange.26 These 
secondaries were also emphasised in general accounts on the colours in the rain-
bow or those produced by prisms or transparent bodies. In this context, the claim 
emerged that the three primaries red, yellow and blue were visible in prismatic 
and rainbow colours, interlaid by their mixtures as supported by Marin Mersenne 
and Kircher.27

Although neither prismatic nor rainbow colours offer any hints to an internal 
hierarchy, these authors explicitly introduced one: they attributed to three of these 
colours a more fundamental status and regarded the others as mixed. The afore-
mentioned painters’ experience with pigment mixing and scholars’ experiences 
with coloured glass panes seemed to support the trichromatic hierarchy, which 
was thus easily transferred to ‹apparent› colours.

The central author to oppose that hierarchy was Isaac Newton. His philosophical/
physical theory of light and colour (1672) argued that all spectral colours were «origi-
nal and simple», while those created by their superposition were «compounded».28 In 
Opticks (1704), Newton no longer distinguished an infinite number of simple spectral 
colours but only seven primaries, including green, orange and violet. Moreover, he 
presented a colour-mixing scheme and illustrated the seven spectral colours with 
ground pigments, thereby suggesting its universal applicability to spectral and ma-
terial colours.29 Hence, Newton’s theory stood in direct opposition to trichromacy.

While many natural philosophers quickly adopted Newton’s account, numer-
ous scholars interested in colourants did not accept it easily. In open opposition 
to Newton’s theory, some of them supported trichromacy for spectral colours. For 
instance, in 1758, the astronomer and cartographer Tobias Mayer presented a co-
lourant-mixing scheme based entirely on trichromacy, whose primaries Mayer saw:

«in the rainbow, but even more vividly in the rays of the sun when it passes through a 
triangular glass prism into an eclipsed room».30

While Mayer was a convinced Newtonian in mathematics and astronomy, he was a 
trichromatist regarding colours. And he was in good company. In 1771, the Jesuit 
Ignaz Schiffermüller claimed that his trichromatic system was «entirely founded in 
nature»31 and its primaries could be admired more vividly in the rainbow and «in 
the sun’s ray divided by a three-edged glass or prism».32

Trichromacy’s universal validity was most strikingly exposed in Farbenpyramide 
(1772) (fig. 1/pl. 5) authored by Lambert with the help of the Prussian Court Painter 
Benjamin Calau. Here, Lambert explained that in the uppermost coloured triangle 
of their colourant-mixing scheme:

«We have just resolved and separated light into its three basic colours, red, blue and 
yellow, from whose various mixtures the other, both prismatic colours and colourants, 
arise.»33

The statement explicitly merges, once more, colourants and spectral colours in one 
unique trichromatic phenomenon. Except for Le Blon, who was eager to keep co-
lourants and spectral colours apart,34 most 18th-century trichromatists accepted this 
thesis but none claimed spectral colours to be a means to define the three primaries.
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1 Johann Heinrich Lambert and Benjamin Calau, Farbenpyramide (Coloured pyramid) in Johann 
Heinrich Lambert’s Beschreibung einer mit dem Calauschen Wachse ausgemalten Farbenpyramide, 
1772, etching on paper washed with carmine, gamboge and Prussian blue watercolours, 23 × 14 cm, 
Zurich, ETH-Bibliothek Rar 5100.
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Considering the prismatic technology available in the 18th century, this ambiguity 
is not surprising. The spectrum presents a continuum of different hues, and nothing 
indicates that one is purer than another. Moreover, there was no available means to 
describe precise colour positions in the spectrum, such as the Fraunhofer lines would 
offer much later. Thus, whether a spectral red, for example, leant towards yellow 
or blue could only be judged by the eye and the spectrum could not have helped to 
pinpoint its pureness. Trichromatists’ references to the spectrum were rather projec-
tions of the general trichromatic idea onto apparent colours.

‹True› and ‹Perfect› Primitive Red
These projections spurred attempts to visualise trichromacy with coloured dia-
grams. The central challenge was to identify the suitable colourants to use. The red 
one was particularly demanding as many colourants displaying this hue existed. In 
1613, Aguilón looked for the «simplicem ruborem» in three red colourants and con-
cluded that red lead was too yellowish, red lake too bluish, while vermilion showed 
a mid-tone that approached an «exquisita rubedinem».35 In 1677, the physician 
Francis Glisson also chose vermilion over red lead to paint a red lightness scale.36

It is significant to note, however, that Aguilón and Glisson never looked for trichro-
matic mixtures but for right red hues. This configuration changed radically at the begin-
ning of the 18th century when Le Blon developed a trichromatic printing process: Three 
mezzotint plates were each inked in blue, yellow and red; then printed on the same 
sheet to produce a full-colour palette.37 To describe the genesis of this invention, Le 
Blon revealed that he had to find «les Couleurs primitives parfaittes parmy les Couleurs 
materielles».38 His success was thus based primarily on the three main printing inks he 
developed. The final criterion for his primitive colours to be ‹perfect› lay in their ability 
to produce a set of secondaries and an indefinite number of tertiaries.39 Le Blon’s ‹per-
fect› red was neither vermilion nor another simple pigment but a transparent mixture 
of carmine and brazilwood, sometimes corrected with vermilion.40

A similar ‹pure› red was formulated in Traité de Peinture au Pastel (1708) and 
visualized in its second colour circle. The anonymous author of this short textbook 
subdivided red into two «rouges primitives»: vermilion and carmine, which pro-
duced the «vrai rouge» when mixed.41 These two examples show that the 17th-cen-
tury ‹simple› red evolved into ‹perfect› and ‹true› primitive red in the early 18th cen-
tury. Its perfection was achieved by mixing colourants and its hue was no longer as 
deep as vermilion but rather more purplish.

Carmine and Magenta
The red technology of Le Blon and the anonymous author of Traité de Peinture au 
Pastel marked the beginning of a significant shift in the idea of ‹pure› red, which 
would exhibit a magenta/purple hue toward the end of the 18th century. A shift 
even more remarkable as such a colour was no longer to be found in Newton’s 
spectrum and which came about when trichromacy was implemented through co-
lourant mixing. Indeed, in the 1730s, the Jesuit Louis Bertrand Castel also produced 
«le vrai rouge» from a mixture of vermilion and carmine.42 While Tobias Mayer 
opted again for vermilion, Georg Christoph Lichtenberg, who first published a co-
loured version of Mayer’s diagram, stressed the problem of using that pigment in a 
trichromatic scheme.43 In Lambert’s Farbenpyramide, finally, vermilion disappeared 
from the main-red mixture and the shift from vermilion to carmine was completed. 
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Lambert wished to identify three unmixed colourants that were suitable to build a 
mixing chart because the general framework alone «had not yet determined which 
type of red, yellow and blue had actually to be used».44 For red, Lambert and Calau 
chose carmine, a pigment made with American cochineal (Dactylopius coccus), for 
the satisfactory secondaries it produced.

There is an enigmatic point in Lambert’s text, though. Albeit pleased with the 
result, Lambert hypothesised that other colourants may be found eventually «that 
come even closer to the true prismatic primary colours».45 This reference to the spec-
trum is highly surprising because the distinct magenta hue of carmine46 does not 
appear in the spectrum at all. The spectral red, conversely, is much closer to vermil-
ion as noted by the mineralogist Abraham Gottlob Werner.47 There is no easy way to 
understand Lambert’s reference to the spectrum, but there might be an explanation.

Before we come to that point, we shall first look at Goethe, who also embraced 
the shift to carmine slightly later and spoke more explicitly about it. He elaborated 
his long-standing interest in colours in an experimental series with the spectrum. 
His penchant for trichromacy emerges in Beyträge zur Optik (1791), where he found 
both pure yellow and blue among the prismatic colours, but not a pure red:

«Among the actual coloured phenomena there are only two that give us a completely 
pure idea, namely yellow and blue. [...] On the other hand, we never know the red colour 
in a completely pure state: for we find that it leans either towards yellow or blue».48

In his Farbenlehre (1810), Goethe expanded on the subject and presented his six-part 
colour circle. He called the red colour in it purple (Purpur) or peach blossom (Pfir
sichblüt), hereby stressing its purplish or magenta-like hue.

What is exciting here is how he identified ‹pure› red both with optical and ma-
terial means. For the optical part, Goethe used the so-called inverted spectrum, pro-
duced by thorough inversion of light and shadow in the optical arrangement and 
showing the complementary colours to the ordinary spectrum. The central purple 
hue, which could also be produced by superposing the red and violet ends of the 
ordinary spectrum, is called magenta today and was named by Goethe ‹pure› red:

«With this name, one should remove everything that could give to the red an impression 
of yellow or blue. We are to imagine an absolutely pure red, like perfect carmine dried 
on white porcelain.»49

Carmine was thus the colourant that Goethe associated with the magenta of the 
inverted spectrum. Along the same line the Bavarian court painter Mathias Klotz 
identified in his Gründliche Farbenlehre (1816) a «pure purple» (Reinpurpur) at the 
centre of the inverted spectrum and painted it with carmine (fig. 2/pl. 6).50 Coming 
back to Lambert, we see that he also chose carmine as the primary red. Whether his 
selection of the primary red colourant was not only supported by colourant-mixing 
experiments but also by the observation of the inverted spectrum (without making 
that point explicit), we cannot tell yet. However, this hypothesis could explain Lam-
bert’s claim to have looked for his primary red in the spectrum. One thing is certain 
though: The shift from vermilion to carmine started with practitioners like Le Blon, 
who wanted to implement trichromacy, and was finalized in Lambert’s work, who 
again aimed at practical goals with his trichromatic pyramid.

Conclusion
We have seen how historical sources spoke of ‹simple›, ‹pure›, ‹true› and ‹perfect› 
colours. While in the 17th century ‹simple› could be attributed to both a hue and an 
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unmixed colourant, in the 18th century a ‹pure›, ‹true› and ‹perfect› colour almost 
exclusively referred to a specific hue, regardless by what means it was specifically 
produced (optical, a colourant or a mixture of several ones). The specificity of ‹pure›, 
‹true› and ‹perfect› colours lay in a hue that did not verge or tend toward another. 
To these initial ‹sensorial› judgments made by expert eyes was subsequently added 
an additional and operational criterion when implementing trichromacy in the 18th 

2 Mathias Klotz, «Buntfarbsistem in prismatisch-theoretischer Ordnung» (Plate IV), in: Matthias 
Klotz, Gründliche Farbenlehre; mit vier vom Verfasser selbst gemalten Tafeln...und zwey unfärbig 
gezeichneten zum Prismatisiren, 1816, lithography on paper, washed with carmine, gamboge and 
Prussian blue watercolours and black ink, Munich, Bayerische Staatsbibliothek, Handschriftenabtei­
lung, Lithogr. 206.
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century: ‹pure›, ‹true› or ‹perfect› colours became those that could practically fulfil 
the trichromatic promise of generating all other colours.

While these straightforward sensorial and operational meanings are sure, the 
metaphysical dimension of these adjectives remains unexplored. Authors like Agu-
ilón, Castel, Lambert, Goethe, who had quite different ontological commitments, 
clearly emphasise chromatic pureness in the above sensorial and operational mean-
ings rather than associating these abstract concepts with Platonic ideas or other es-
sentialist or idealist attitudes. In sum, we are convinced that these authors shared a 
common understanding of why those colours should be called ‹pure›, ‹true› or ‹per-
fect›, an understanding that enabled unproblematic communication and provided 
the main reason to choose those terms.

Focusing on red as a case in point, we have shown how such adjectives in 
trichromacy were merged to other criteria and could, most importantly, be oper-
ationalized. In the 17th century, trichromacy had not yet been implemented and 
vermilion (perhaps for its similarity to the spectral red?) was regarded as primary. 
At the outset of the 18th century, Le Blon’s printing experiments developed perfect 
red through mixing of several red colourants. With Lambert and Goethe, the status 
of pure red was assigned to a colourant and at the same time migrated out of the 
ordinary spectrum. And this was final. Carmine as the main red colour would ap-
pear in the trichromatic charts of James Sowerby (1809), Gaspard Grégoire (1812), 
Léonor Merimée (1814) and the aforementioned Klotz (1816). The reasons for this 
hue shift remain certainly complex, but we might highlight three important fac-
tors. First, attempts to implement trichromacy in practice intensified the search for 
the proper colourants during the Enlightenment. Second, carmine rose to a valid 
candidate during the 18th century, when new methods to produce this pigment 
from American cochineal were developed.51 Third, the increasing awareness of the 
existence of the inverted spectrum enabled to visualise the magenta hue of carmine 
with optical means, too.

To conclude, we cannot resist adding a wider consideration on the identifica-
tion of main red colour in the inverted spectrum. Trichromacy is used nowadays 
in CMYK colour printing. A quick glance unveils that the inks used here resemble 
the blue, yellow and red of the inverted spectrum. While we have shown how the 
idea of primary red shifted from vermilion to carmine, whether yellow and blue 
experienced a similar transition remains an open question. But we assume that 
there was again a close interplay between optical colour theory and practitioners’ 
colourant mixing.
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