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ELECTIVE AFFINITIES
THE FACES OF CHEMISTRY

Monograph coordinated by Antonio García Belmar and José Ramón Bertomeu Sánchez

I n the mid-eighteenth century, the famous Encyclopédie by Diderot and D’Alembert, stated that 
«an interest in chemistry» was really «a madman’s passion». Chemists belonged to «a different 
race», «very few in number» and society expected almost «nothing from their art». However, 

when the century of enlightenment drew to a close, another commenter stated that the chemist 
had become an «idol», before which all kinds of people «bowed down», be they princes or clerics, 
educated or uneducated, subjects of high or low rank, alike. In the International Year of Chemistry, 
this Mètode monographic issue looks at the remarkable variations in the social image of chemistry, its 
affi nities and concerns, and its many faces, spanning the eighteenth century to the present day. 

Antonio García Belmar. Professor of the Department of Community Nursing, Preventive Medicine and Public Health and of the History of Science. University 
of Alicante.
José Ramón Bertomeu Sánchez. Professor at the López Piñero Institute for the History of Medicine and Science (University of Valencia-CSIC).

Two artists of great renown and projection have collaborated with MÈTODE on this monograph devoted to chemistry. The painter Uiso 
Alemany (Valencia, 1941) proposes a series of faces portraying «self-absorbed» chemists, while Eugènia Balcells (Barcelona, 1943) brings us 
some of her productions and multimedia installations, exploring the multi-faceted relationship between science and art.

On the left, Uiso Alemany. «The Self-absorbed Chemist Series», 2010. Mixed technique, 27 x 35 cm.





The years preceding the 1809 publication of Elective 
AfÞ nities are replete with personal and intellectual 
events that can explain the mixture of literature and 
science, and the air of fatalism and rebellion woven 
into the novel. On a personal level, Johann Wolfgang 
Goethe had just turned Þ fty at the start of the century, 
and at that time this was an age which signiÞ ed 
entering the Þ nal stages of life, 
in most cases, although in fact 
the German author lived to 82. 
In 1801 he was informed of a 
kidney condition which was to 
become chronic. Four years later 
�in 1805� his friend Friedrich 
Schiller died and in 1808 he lost 
his mother, to whom he had been 
very close.

Concerning his intellectual 
activity, it is as renowned as it 
is diverse, revealing the poet�s 
varied interests. In 1808, he 
Þ nished the Þ rst part of Faust, a 
closet drama that took a lifetime to write and was not 
completed until shortly before his death; meanwhile, 
he continued to work on Wilhlem Meister. In 1803, 
he also took over the running of the Natural Sciences 
Institutes at the University of Jena, publishing several 
studies on botany and Metamorphosis of Animals 
(1806). Shortly afterwards he began his Theory of 
Colours (1809-1810), which was to scientiÞ cally 
discredit him given his vehement criticism of Newton�s 
work.

It is during this productive but turbulent period �in 
1806 Weimar was occupied and looted by Napoleon�s 
army� when Goethe was writing a novel, whose very 
title takes a chemical metaphor that seems set to 
show humans� limited ability to cope with a fate that 
seems relentlessly set by inescapable laws. We are 
in the nineteenth century, the era of rationality and 

calculation, and everything seems 
well-ordered and predictable. 
The unfortunate young Werther 
is far from this state and Goethe 
seems to agree with the signs of 
the times when writing a novel 
that can almost be summarised in 
an equation. But perhaps this is 
too simplistic and the story can be 
interpreted in a variety of ways.

■  CHEMISTRY LESSONS AT 
HOME

First, we will discuss the novel 
and highlight the references made to chemistry. 
Edward and Charlotte relive a childhood romance, 
once thwarted by opposition from their respective 
families, getting married after both have been 
widowed. Their quiet life is disrupted by the arrival 
of a friend of Edward�s, the captain, followed by the 
arrival of Charlotte�s young niece, Ottilie.

Both the title and the events that occur are ahead 
of their time, though little does the reader realise this 
on reading chapter four�s conversation between the 

«GOETHE WRITES A NOVEL 

WHOSE VERY TITLE TAKES 

A CHEMICAL METAPHOR 

THAT SEEMS SET TO SHOW 

HUMANS’ LIMITED ABILITY 

TO COPE WITH A FATE THAT 

SEEMS RELENTLESSLY SET 

BY INESCAPABLE LAWS»
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GOETHE AND THE AFFINITY BETWEEN 
CHEMISTRY AND LITERATURE

MOLECULES AND DIVORCE IN A ROMANTIC NOVEL

Xavier Duran

In 1809, Johann Wolfgang Goethe published his novel entitled Elective Affi nities, also known as 
Kindred by Choice, which refers to one of the problems that had preoccupied chemists during the 
past century. Goethe’s work employed chemical affi nity as a metaphor and applied it to romantic 
relationships, but did so once this concept was considered from the new perspectives provided by 

modern chemistry.

On the left, Uiso Alemany. «The Self-absorbed Chemist Series», 2010. Mixed technique, 27 x 35 cm.



married couple and the captain (Ottilie had not arrived 
yet). The discussion takes place during the course of 
a common practice at that time: group reading aloud. 
Charlotte�s attention is drawn to the word afÞ nities and 
Edward explains its use in the book is metaphorical, 
referring to earths and minerals.

That, however, leads to an explanation by the 
captain, an educated man well-versed in science, 
regarding how the word is used. He says he read it 
some time ago and does not know whether the scientiÞ c 
world continues to think the same about it now. This 
gives rise to Edward exclaiming most annoyed that 
«one cannot now-a-days learn a thing once and for 
all, and have done with it» a statement Goethe uses to 
convey the idea of   an ever changing and unstable world.

«Such natures, when they come in contact, at once 
lay hold of each other, and mutually affect one another, 
we speak of as having an afÞ nity one for the other», 
says the captain. And he cites alkalis and acids, as an 
example, whose afÞ nities are strikingly marked, and 
which, being of opposite natures seek one another out, 
lay hold of each other, modify each other�s character, 
and form an entirely new substance. Edward says: 
«AfÞ nities only begin really to 
interest when they bring about 
separations». And this last word 
seems to upset Charlotte, who 
exclaims it is heard too often in 
the world now-a-days. 

The captain resumes his 
explanation with an example:

[...] Thus, what we call limestone is 
a more or less pure calcareous earth 
in combination with a delicate acid, 
which is familiar to us in the form 
of a gas. Now, if we place a piece 
of this stone in diluted sulphuric 
acid, this will take possession of 
the lime, and appear with it in the form of gypsum, the 
gaseous acid at the same time going off in vapour. Here 
is a case of separation; a combination arises, and we 
believe ourselves now justiÞ ed in applying to it the words 
�Elective AfÞ nity�; it really looks as if one relation had 
been deliberately chosen in preference to another.

Then Edward makes the following comment: «You 
mean me by your lime; the lime is laid hold of by the 
captain, in the form of sulphuric acid, torn away from 
your agreeable society, and metamorphosed into a 
refractory gypsum». Charlotte replies: 

But man is far superior to such elements, and if in this 
case has behaved generously with the beautiful words 
such as �Choice� and �Elective AfÞ nity�, he will do 
well to reß ect on this occasion, on the value of such 

expressions. Unhappily, we know 
cases enough where a connection 
apparently indissoluble between 
two persons, has, by the accidental 
introduction of a third, been utterly 
destroyed, and one or the other of the 
once happily united pair been driven 

out into the wilderness. 

Edward concludes: «Then you see how much more 
gallant the chemists are. They at once add a fourth, that 
neither may go away empty». Later, the captain gives a 
«coded» example:

Suppose an A connected so closely with a B, that all 
sorts of means, even violence, have been made use of to 
separate them, without effect. Then suppose a C in exactly 
the same position with respect to D. Bring the two pairs 
into contact; A will ß ing himself on D, C on B, without 
its being possible to say which had Þ rst left its Þ rst 
connection, or made the Þ rst move towards the second.

And Edward applies this generic explanation to their 
particular case, involving the married couple and their 
two guests:

«THE MAN WHO WISHED TO 

GO DOWN IN HISTORY AS A 

SCIENTIST ACHIEVED MAINLY 

LITERARY GREATNESS THAT 

WOULD OVERSHADOW HIS 

OTHER FACET. BUT EVEN 

SO, HE SPRINKLED HIS 

NARRATIVE AND POETIC 

WORK WITH SCIENCE»

©
 N

eu
e 

Pi
na

ko
th

ek
, M

ün
ch

en

m
o

n
o

g
r

a
p
h

e
l
e
c

t
iv

e
 a

f
fi 

n
it

ie
s

 28 Annual Review MÈTODE 2011

Goethe took the title Elective Affi nities
from the world of chemistry. The affi nity 
between substances refers to the reason 
why certain compounds are formed rather 
than others, and why some separate to 
be remade differently. Above, Joseph Karl 
Stieler. Johann Wolfgang von Goethe, 
1828. Oil on canvas, 63.8 x 78 cm. 



Now then!» �interposes Edward� «till we see all this with 
our eyes, we will look upon the formula as an analogy, 
out of which we can devise a lesson for immediate use. 
You stand for A, Charlotte, and I am your B; really and 
truly I cling to you, I depend on you, and follow you, 
just as B does with A. C is obviously the captain, who at 
present is in some degree withdrawing me from you. So 
now it is only just that if you are not to be left to solitude, 
a D should be found for you, and that is unquestionably 
the amiable little lady, Ottilie. You will not hesitate any 
longer to send and fetch her. 

Thus the plot of the novel is sketched, although 
Edward is not right �or is unwilling to recognise� the 
reactions that actually take place.

■ AFFINITY, A CHEMIST’S PUZZLE 

The afÞ nity between substances, the reason why 
certain compounds are formed rather than others, and 
why some separate to be remade differently, concerned 
scientists in the later years of alchemy and early years 
of modern chemistry. Newton, who had already come 

up with an explanation for the attraction of bodies, went 
on to propose that the laws of gravitational attraction 
and of magnetism and electricity could be extended 
to the union and separation of substance and gave 
examples of the reactions between alkalis and acids. 
In the only article he published on chemistry �written 
in 1692 but published in 1710� and issues 31 and 32 of 
Optics, he proposed the existence of a very powerful 
force between the particles of substances, which varied 
from one species to another. He even put forward a 
short list of six metals ordered by priority on replacing 
one another when dissolved in nitric acid.

Eighteenth century chemists called this force 
«elective afÞ nity». In 1718, the Frenchman Etienne-
François de Geoffroy presented his Table showing 
different relationships observed between different 
chemical substances to the Academy of Sciences. 
During the presentation, Geoffroy observed that there 
are certain laws and a degree of preference so that 
when various substances are mixed together, there is 
a clear preference for some to bind with other speciÞ c 
ones. But he also stressed that if there is a third 
substance that has greater preference for one of the two, 
the substance will break up to form another.

AfÞ nity was not a new idea, but Geoffroy tried to 
establish this order of preference. And by the mid-
eighteenth century, dozens of tables of afÞ nities had 
already been published. To discover the causes of 
these afÞ nities and pinpoint which and how strongly 
substances were related would become one of the main 
issues of chemistry that century. And most authors 
entertained the belief that a force like gravitational 
attraction existed. However, Geoffroy did not mention 
it, probably because in Cartesian France at that 
time Newton�s success was unseemly, both from the 
intellectual and patriotic standpoint.

In 1775 another important text appeared on the 
subject. The author was the Swede Tornbern Bergman, 
and it was entitled Elective AfÞ nities. The text was 
translated into German in 1782 and Goethe not only 
knew about it but, in a letter to a friend, acknowledged 
that the title of his novel had come from the title of this 
essay. We shall see that the similarity goes further than 
just the title.

We might suppose, then, that Goethe extracts from 
the title, some explicit references and even the plot of 
a current problem for chemists at that time. However, 
it must be put into context, because little by little the 
idea of afÞ nity as it was formulated became vague 
and eventually disappeared. In 1803, Claude Louis 
Berthollet said that factors such as concentration, 
temperature or pressure affect afÞ nity. He said that 
explained why attempts had failed to Þ nd laws and 
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Sculpture of Goethe and his friend Friedrich Schiller in the German 
city of Weimar. The two are seen as key fi gures in the movement 
known as Weimar classicism.



well-established quantitative relations, which would 
provide the foundations of chemical reactions as 
predictive as Newton�s laws that could predict the 
movement of the stars.

Around the year in which Goethe�s novel 
appeared, scientists such as Humphry Davy and Jöns 
Jacob Berzelius had already begun to develop an 
electrochemical theory, thus providing a new approach 
to reactions between substances. In attempting to 
explain electrolysis, it appears that electrically charged 
surfaces, be they positively or negatively charged, affect 
the balance and can even alter the elective afÞ nity 
that certain substances have. Then, further into the 
nineteenth century, works on chemical thermodynamics 
appeared, which would include new factors in the 
explanation of the afÞ nity between substances. The 
expansion of industry also required these relationships 
to be characterised much more accurately, and even 
quantiÞ ably.

At the end of the century, physical chemistry would 
introduce models and require mathematical calculations 
to explain reactions. Increasingly more factors 

inß uencing reactions were known and with greater 
accuracy. Then, in the late thirties of the twentieth 
century, Linus Pauling published The Nature of the 
Chemical Bond, which applied quantum mechanics 
to chemistry, explaining how atoms combine to form 
stable molecules and also why some form and others do 
not.

Altogether this shows us that, indeed, the so-called 
elective afÞ nities were a prominent theme in eighteenth-
century chemistry, but also that when Goethe published 
the novel, the notion had already been called into 
question, mainly due to the inability to establish it as 
the basis of a consistent and comprehensive explanation 
for the formation and destruction of compounds.

■  THE LAWS OF NATURE AND OF HUMAN RELATIONS

In any event, clearly Goethe�s metaphor goes well 
beyond the title copied from a scientiÞ c treatise of his 
time. The similarity between certain passages in the 
novel, cited above, and others in the book by Bergman 
should not surprise one. Thus, we are reminded of an 

Charlotte and Edward, the married couple portrayed in Elective Affi nities. Their relationship is altered when a friend of Edward’s, the captain, 
and Charlotte’s niece, Ottilie, come to stay. The events that take place are summarised in the conversation between the married couple and 
the captain, shown in the fi lm version by a diagram the captain draws on the blackboard: If we have a closely connected couple (A and B) and 
there appears another similar couple (C and D), then A will be fl ung onto D, and C onto B. The picture shows different frames from the fi lm 
Elective Affi nities (1996), directed by Paolo and Vittorio Taviani.
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explanation given by the captain when we read one 
proffered by Bergman:

Imagine we have a substance A which heterogeneous 
substances a, b, c attract: Suppose, moreover, that A
combines with c to saturation point, which we designate 
as the binding of A and of c = Ac, b tends to bind when 
added, and separates from c. Then we say that A attracts 
b more strongly than c does, or that b has a stronger 
elective attraction than c. Suppose, Þ nally, that Ab is 
decomposed by the addition of a, that b is separated, 
and that a takes its place, it will follow that the attractive 
force of a exceeds that of b and that of the series a, b, c,
etc. will be exactly the order of strength of the attractive 
forces of these three substances.

According to Bergman, there is a natural order of 
substances, and he goes on to give speciÞ c examples. 
And here the explanation given by the captain using 
the example of limestone and acid would not be out of 
place.

But Goethe goes further than just introducing 
these references in the novel. In fact, the notion of 
elective afÞ nity, of laws obliging certain unions but 
preventing others, is to be found throughout the book. 
That is why the end of the story witnesses the break 
up and rearrangement of the characters-substances and 
couples-molecules, but not as Edward had predicted. 

The substance that separates A (Edward) from B 
(Charlotte) is not C (the captain) but D (Ottilie). 
Likewise, Charlotte does not avoid being lonely thanks 
to Ottilie, but rather thanks to the captain. Hence, 
sometimes the novel has been outlined as follows:

AB + CD  AD + BC

Albeit CD fails to occur here, a couple comprising 
the captain and Ottilie never exists. But the fact is that 
if we analyse the nature of each character, the reaction 
was inevitable. Edward is immature, self-centred and 
temperamental. Ottilie is a very young girl, frail and 
inexperienced. Charlotte is rational and farsighted. 
The captain is also rational, but he is also clever, 
honest and resolute. If elective afÞ nity works, then 
no other reaction is possible. Edward is bound to be 
attracted to Ottilie and Charlotte and the captain must 
end up together. It is even impossible, when the captain 
and Edward go off to war, that new suitors may have a 
chance with Ottilie or Charlotte: there is no afÞ nity.

Thus it highlights the inevitable way in which 
things work, a sort of social mechanism that works 
like a set of gears and constitutes an inevitable fate. It 
is clear that characters can rebel, but in the end what 
counts is the natural law, as happens with objects and 
substances alike. That does not retract from the fact 
that the novel is clearly romantic and that the ending is 
tragic.

As an addendum, we could take the metaphor and 
apply it to Goethe and his life�s work. Passionate 
about science, he went further than merely becoming 
well-versed and producing notable works �as well as 
colossal mistakes�. He was more than just a manager 
of technical studies and industrial structures. We Þ nd 
scattered throughout his writings numerous scientiÞ c 
references. The man who wished to go down in history 
as a scientist, achieved mainly literary greatness that 
would overshadow his other facet. But even so, he 
sprinkled his narrative and poetic work with science. It 
was as if the inescapable elective afÞ nities had Þ nally 
caused a reaction too, without breaking anything, a 
new valuable alliance was wrought between chemistry 
and literature. 
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Xavier Duran. Chemist and science journalist. Director of the TV 
environmental programme Medi Ambient on TV3.
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A major theme of the Enlightenment movement of 
the eighteenth century was a distrust of the elaborate 
but highly speculative system building that had been 
the pride of seventeenth-century rationalist natural 
philosophers. Prominent thinkers such as Denis 
Diderot and the abbé de Condillac pushed for the 
natural sciences to become more empirical, to rely 
more on experiment and less on pure reason.

Condillac argued that knowledge is built entirely 
from sense-experience but 
formed via logical analysis, 
involving the decomposition of 
an idea into its simplest parts as 
well as the reverse, the synthesis 
of more complex things from 
simpler ones. He recognised that 
language played an important role 
in this process and that a clear 
logical language is necessary for 
the complex ideas involved in 
scientiÞ c theories. 

Antoine Lavoisier (1743-1794) was heavily 
inß uenced by empiricist thinkers such as Condillac 
and Gabriel-François Venel, incorporating their ideas 
into his method of research. His elegant experiments 
were crucial in deciding the fate of chemical theories 
that posited invisible principles, such as the phlogiston 
theory of combustion. Furthermore, Lavoisier put 
Condillac�s method of analysis by decomposition and 
re-composition into practice in the laboratory, for 

instance, when demonstrating that water is composed 
of more basic components. He showed that it could be 
decomposed into hydrogen and oxygen but also made 
a point to form a new batch of water out of those gases 
in order to make his conclusion undeniable.

Other reformers, such as Louis-Bernard 
Guyton de Morveau, Antoine-François Fourcroy 
and Claude Louis Berthollet, recognised that 
chemical nomenclature was in desperate need of 

standardisation. When Lavoisier 
joined this revolutionary 
movement he brought to it 
more speciÞ c goals �to realise 
Condillac�s ambition to produce 
a pure scientiÞ c language and a 
dedication to the new phlogiston-
free chemistry�.

■  ELEMENTS, PRINCIPLES AND 
THEORY-CHANGE

Experimental discoveries of the late eighteenth 
century completely overturned the way chemists 
saw familiar materials �substances were not just 
renamed, the elements became compounds and 
many compounds became elements�. The dramatic 
theoretical changes that constituted the chemical 
revolution are sometimes played down as a simple 
inversion of the earlier theory. In re-characterising 
the process of combustion, for example, the release of 
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PRINCIPLES, ELEMENTS AND SUBSTANCES

PHILOSOPHICAL INFLUENCES ON THE CHEMICAL REVOLUTION

Nicholas W. Best

When Lavoisier spoke of oxygen he did not have the same idea in mind as a contemporary chemist 
would. The difference between one concept and another is a fundamental problem when studying 

chemical theories from before and after the chemical revolution. Empiricist philosophy –the idea that 
all knowledge of the world comes through the senses– led Lavoisier to redefi ne the goals of chemistry 

and insist that it deal only with tangible substances. It is this shared assumption that chemistry only 
deals with the materials of our experience that enabled this science to progress continuously despite 

further theoretical changes and allows us to say that the oxygen we observe today is the same 
substance described during the chemical revolution.

«EXPERIMENTAL DISCOVERIES 

OF THE LATE EIGHTEENTH 

CENTURY COMPLETELY 

OVERTURNED THE WAY 

CHEMISTS SAW FAMILIAR 

MATERIALS »

On the left, Uiso Alemany. «The Self-absorbed Chemist Series», 2010. Mixed technique, 27 x 35 cm.



phlogiston (the older principle of Þ re) can be replaced 
by the absorption of oxygen (and release of caloric, 
the new principle of heat). This seems particularly 
simple for the combustion and reduction of metals, but 
the conceptual change that came with this inversion 
was really quite radical: Indeed, before the chemical 
revolution ores were regarded as simple substances and 
metals were compounds; after the revolution, metals 
came to be seen as the simpler substances and ores 
were the compounds. According to Georg Ernst 
Stahl�s (1659-1734) phlogiston chemistry, the 
ore of a metal (its «calx») could be brought 
to a metallic state (its «regulus») by the 
addition of phlogiston (or some material 
rich in phlogiston, such as charcoal): Calx 
+ Phlogiston → Metal (regulus).

Conversely, a metal in its unnatural 
metallic state could rust or burn, that is, 
revert to the natural «calx», 
by releasing phlogiston: Metal 
(regulus) → Calx + Phlogiston. 
The oxygen theory of combustion 
turned this process on its 
head. Indeed, the reduction of 
metals came to be seen as the 
elimination of oxygen from a 
compound ore (its oxide): Metal 
oxide + Carbon → «Oxide 
of carbon» + Metal. And the 
combustion of a metal was simply 
the addition of oxygen from the 
air: Metal + Oxygen → Metal 
oxide (+ Caloric).

This reform is not as simple 
as it Þ rst appears; the change in 
theoretical representation is also 
a change in worldview. Although 
most metals did not change their 
names, the chemical concepts 
before and after were quite different. 

This re-conceptualisation of familiar processes was 
accompanied by an even more radical change in belief 
about chemical elements. Throughout the Middle 
Ages, Aristotle�s Earth, Fire, Air and Water was the 
only orthodox set of elements. Yet certain alchemists 
had proposed alternative ensembles of simple 
principles: Paracelsus and his followers believed that 
all chemical changes were due to the combination of 
mercury, sulphur and salt; and many French alchemists 
held that there were Þ ve principles: spirit (or mercury), 
oil (or sulphur), salt, phlegm (or water) and earth. 
(Proponents of these systems usually admitted that 
Aristotle�s four elements were the absolute building 

blocks but that their principles, built from the 
elements, were fundamental enough to explain all 
chemical phenomena). Although they used mostly 
everyday names, the alchemists and early-modern 
chemists who used these systems of principles did not 
believe that they were ordinary water, salt, mercury 
etc. nor even highly puriÞ ed samples of these common 
substances. Rather, the principles were supposed to 
be mystical archetypes: the alchemist�s philosophical 

or «sophic» mercury was the principle of volatility, 
found in ordinary mercury but also in all other 

volatile substances; sophic sulphur was 
found in all ß ammable bodies and sophic 
salt in all solid bodies. Even as late as the 
seventeenth century, principles such as 
these were part of chemistry �«phlogiston» 
was simply Stahl�s name for philosophical 

sulphur, the principle of ß ammability�.

■ LAVOISIER KEEPS IT SIMPLE

Although French chemists 
continued to pay lip-service to 
Aristotle�s four-element system 
right up to the generation 
preceding the chemical 
revolution, Lavoisier did away 
with that once and for all when 
he demonstrated that water could 
be decomposed into two gases, 
which he later named hydrogen 
and oxygen. The nomenclature 
reform that took place during 
the chemical revolution was not 
just about standardising names, 
Lavoisier replaced earlier systems 
of principles with his own table 
of simple substances, but he made 
no claim about which of these 

might be fundamental elements. Like Condillac, he 
doubted that anyone really knew what the smallest 
parts of matter are, and instead took a pragmatic 
stance by giving an empirical deÞ nition of an 
element: «if we apply the term elements or principles 
of bodies, to express our idea of the last point that 
analysis is capable of reaching, then all the substances 
that we have not yet been able to decompose are for 
us elements». Lavoisier�s innovation here was the 
insistence that the things we call elements be real, 
tangible substances, unlike the sophic mercury and 
phlogiston of earlier generations.

Lavoisier�s empirical deÞ nition of «simple 
substances» allowed him to reset the boundaries of 

m
o

n
o

g
r

a
p
h

e
l
e
c

t
iv

e
 a

f
fi 

n
it

ie
s

 34 Annual Review MÈTODE 2012

«ANTOINE LAVOISIER WAS 

HEAVILY INFLUENCED BY 

EMPIRICIST THINKERS 

SUCH AS CONDILLAC AND 

GABRIEL-FRANÇOIS VENEL, 

INCORPORATING THEIR 

IDEAS INTO HIS METHOD OF 

RESEARCH»

Étienne Bonnot, abbé de Condillac (1715-
1780) embraced John Locke’s empiricism –the 
philosophical view that all knowledge comes 
originally from the senses–. Condillac claimed 
that it is language that enables us to convert 
our sensations into knowledge by putting 
them in order and thus inspired Lavoisier to 
reform chemical nomenclature.
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chemistry: «The principal object of experimental 
chemistry is to decompose natural bodies, so as to 
examine separately the different substances which 
enter into their composition». This demarcation 
between practical chemistry and metaphysical matter-
theory is much clearer than in most of Lavoisier�s 
predecessors. For example, Stahl had tried to deÞ ne 
chemistry as the science of mixts (substances made of 
intimately bound components), as opposed to physics, 
which was concerned with aggregates (collections of 
merely juxtaposed components). 

This attitudinal shift away from metaphysics 
contributed greatly to the high degree of continuity 
that chemistry has enjoyed since this colossal 
revolution. By denying that he 
had any reliable knowledge of 
atoms and conÞ ning himself 
to describing observable 
phenomena, Lavoisier was able 
to simply avoid debates over how 
to reduce chemical interactions 
to physical mechanisms between 
intricately shaped particles that 
took place on the border of 
chemistry and physics in the late 
seventeenth and early eighteenth 
centuries (before the domains 
were completely separate). Chemistry thus became a 
laboratory science, increasingly distinct from the more 
speculative parts of «natural philosophy».

■  CHEMISTRY’S PHILOSOPHICAL PROBLEM OF 
REFERENCE

Modern chemists speak about combustion with 
language almost identical to Lavoisier�s, but 
completely different from the phlogiston-based 
terminology that preceded the chemical revolution. 
Nevertheless, there are theoretical differences so 
great that we must be careful not to interpret post-
revolutionary chemistry as conceptually identical 
to our own. There are three major differences that 
suggest that we should be reluctant even to say that 
Lavoisier�s oxygen is the same as ours: we now know 
oxygen to be composed of molecules of two atoms, 
with further internal structure; our oxygen is not 
the principle of acidity that Lavoisier�s was; and our 
oxygen has nothing to do with caloric, whereas under 
Lavoisier�s system the two were intimately entwined.

We now know that oxygen gas is composed of 
bi-atomic molecules, that each atom is composed 
of eight protons with a certain number of neutrons 
and electrons. But that is of little concern. Lavoisier 

all but admitted that the future 
might hold this sort of discovery; 
his refusal to speculate about 
more fundamental levels of 
analysis suggests that he expected 
future study to elucidate a Þ ner 
structure. Thus we can say that 
deeper studies of the modern 
element oxygen alone do not 
disprove his claims.

But it is not simply that our 
concept of oxygen is more 

complex than Lavoisier�s �we should not forget that 
Lavoisier�s theory of combustion was intimately tied to 
his theory of acidity�. When Lavoisier Þ rst published 
his theory of combustion in 1777 he called it «the 
oxygen principle» from the Greek preÞ x oxy-, meaning 
«acid», and the sufÞ x -genēs, meaning «former». 
Burning non-metals such as sulphur had long been 
known to produce acids (what we now know as acid-
anhydrides) so Lavoisier inferred that the oxygen 
gained through burning caused the acidity. Yet we 
no longer believe that all acids contain oxygen, nor 
even that oxygen is the immediate cause of acidity 
in those acidic compounds that do contain oxygen. 
If oxygen always meant the principle of acidity, 
then we would have to transfer the name oxygen to 
whatever substance was believed to be the active 
agent of acidity: when Humphry Davy discovered 
that hydrogen was the relevant component of acids, 
he would have had to name hydrogen oxygen. Gilbert 
Lewis deÞ ned an acid as any chemical species that 
can share a pair of elections, so he could have used 
the word oxygen to refer to a whole host of different 
electrophiles! 

Even if we ignore the question of acids and consider 
oxygen only in its capacity as the agent of combustion, 
which we still believe it to be, one cannot say that 

«FRENCH CHEMISTS 

CONTINUED TO PAY LIP-

SERVICE TO ARISTOTLE’S 

FOUR-ELEMENT SYSTEM 

RIGHT UP TO THE 

GENERATION PRECEDING THE 

CHEMICAL REVOLUTION»
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Lavoisier’s apparatus for the decomposition of water. Elaborating 
on experimental work by James Watt and Henry Cavendish in 
Britain and Gaspard Monge in France, Lavoisier showed conclusively 
that water was not an element by decomposing it and then 
recomposing water from its constituent parts.
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the modern oxygen-based model of combustion is 
the same as Lavoisier�s oxygen theory because his 
model also involved caloric, a «subtle ß uid». It would 
be completely wrong to suggest that, when Lavoisier 
spoke of caloric, he meant anything like the modern 
notion of heat; indeed, he was well aware of the theory 
that heat is kinetic energy and rejected it. The net 
energy change from breaking and reforming chemical 
bonds, which chemists now use to explain the heat 
released in combustion reactions, is a very different 
notion from Lavoisier�s caloric, supposedly a physical 
substance that heats by insinuating itself between 
molecules. Not only was Lavoisier mistaken, his whole 
notion of oxygen rests upon this mistake.

■ EMPIRICISM UNDERWRITES SCIENTIFIC DEBATE

Nevertheless, modern chemists continue to use 
Lavoisier�s word oxygen. What gives them the right to 
use that word? Lavoisier�s empirical deÞ nition of an 
element does. 

Before the chemical revolution, proponents of 
three-element and Þ ve-element models had very little 

«Table of Simple Substances» from Lavoisier’s Elements of 
Chemistry (1789). Although many substances retained their old 
names, they were reconceptualised under the new system, with 
many elements becoming compounds and many compounds 
becoming «simple substances».
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«ONLY THANKS TO LAVOISIER’S TANGIBLE 

NOTION OF AN ELEMENT CAN WE BELIEVE 

IN CONTINUITY IN OUR CHEMICAL KINDS, 

EVEN ACROSS MAJOR SUBSEQUENT 

CHANGES IN CHEMICAL THEORY»
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meaningful debate because their theoretical entities 
were somewhat mystical and difÞ cult to pin down and 
because there were different entities for each theory, 
playing unique roles in their respective systems. In 
the same way, it can be very difÞ cult for anyone after 
the chemical revolution to meaningfully criticise the 
phlogiston theory. 

If oxygen were only a chemical principle like those 
of the alchemists and earliest chemists, then denying 
the existence of caloric or refuting oxygen�s role in 
acidity would be to deny the existence of oxygen, 
but Enlightenment empiricism changed the nature of 
chemical theories. By 1789 Lavoisier had dropped the 
word principle in favour of calling it simply oxygen 
(oxygène) and included it in his table of «simple 
substances», in line with his embrace of empiricism. 
This means that even if past and future chemists 

disagree about some of its properties, they can still 
talk meaningfully about oxygen or any other substance 
they can point at.

Only thanks to Lavoisier�s tangible notion of an 
element can we believe in continuity in our chemical 
kinds, even across major subsequent changes in 
chemical theory. Such progress would not have been 
possible under three-, four- or Þ ve-principle systems, 
or even under most later versions of phlogiston 
chemistry. These principles could never have been 
isolated �even hypothetically� thus no one could ever 
have pointed to a ß ask and said: «That is phlogiston»; 
let alone have the name stick across signiÞ cant 
theoretical re-conceptualisations. Practical know-how 
enabled Antoine Lavoisier to disprove the existence 
of phlogiston but it was Enlightenment philosophy 
that changed the way chemistry operates. More than 
anything else, it was Lavoisier�s move from alchemical 
principles to simple substances that put chemistry on the 
path towards the modern conception of an element. 
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Cover of Physica Subterranea by J. J. Becher, G. E. Stahl (Lipsiae 
Glenditsch, 1738) in which Phlogiston Theory’s fi rst formulations 
were made. It depicts a human fi gure representing the Earth, whose 
bowels hold seven metals, always infl uenced by the seven planets.
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In the eighteenth century, chemists studied a rich 
array of material substances, ranging from entire 
plants, roots, leaves, ß owers, bones, hair, nails 
and other organized vegetable and animal parts to 
balsams, resins, gums, oils, fats, and blood extracted 
from plants and animals, to coal, pitch, petroleum 
and other raw minerals, to 
artiÞ cial materials such as 
ceramics, porcelain and glass, 
as well as processed natural 
substances such as metals, 
mineral acids, alkalis and salts. 
If we include all the kinds 
of raw material objects and 
processed substances eighteenth-
century chemists studied in 
their laboratories or described 
and classiÞ ed at their writing 
desks, their number amounts to 
thousands. 

From a modern perspective, 
entire plants, roots and other organs of plants would 
not be identiÞ ed as objects of a chemical inquiry. 
Instead, they are understood as biological objects. 
In the eighteenth century, however, disciplinary 
boundaries were different. The exclusion of these 
«impure» substances from the disciplinary matrix of 

university-based chemistry was completed around 
the mid-nineteenth century. Thus, from the whole 
group of processed substances in the eighteenth 
century �such as metals, mineral acids, alkalis, and 
salts� only a small set is immediately recognized 
as typical «chemical substances». In the eighteenth-

century this group of processed 
«chemicals» had a peculiar 
status for imposing order on 
chemistry and for learning 
and teaching of this discipline. 
These substances, and only 
these substances, were ordered 
in the eighteenth-century tables 
of chemical afÞ nities as well as 
in the famous table of chemical 
nomenclature, published in 
1787 by Antoine-Laurent 
Lavoisier and his collaborators. 
The Lavoisierian chemical 
table, which many historians 

regard as the hallmark of the chemical revolution, 
enlisted an impressive number of metals, acidiÞ able 
bases, alkalis, earths, metal oxides, compounds of 
metal oxides, compounds of acidiÞ able bases, gases 
(compounds of matter and heat) and salts. Was this a 
revolutionary achievement?

«FROM THE WHOLE GROUP

OF PROCESSED SUBSTANCES 

IN THE EIGHTEENTH CENTURY 

–SUCH AS METALS, MINERAL 

ACIDS, ALKALIS, AND 

SALTS– ONLY A SMALL SET IS 

IMMEDIATELY RECOGNIZED 

AS TYPICAL “CHEMICAL 

SUBSTANCES”»
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WHAT DID CHEMISTS EXPERIMENT WITH?

MATERIAL SUBSTANCES IN EIGHTEENTH-CENTURY CHEMISTRY

Ursula Klein

Historians of chemistry have dealt with this science vis à vis physics, taking it as a model for all 
sciences. In this vein, they often depicted a science concerned with atoms, affi nities or Newtonian 

theories of attractive forces, as well as on the role of principles such as the single hypothetical 
substance of phlogiston, often forgetting that chemistry is an experimental science devoted to 

the study of matter and the changes in its state. In recent years, historians of chemistry have 
begun to wonder which kind of substances have been the object of experiments, past and present. 

In the following we will see that the substances studied by chemists of the eighteenth century 
differed greatly from the modern «chemicals» and wonder if the so-called «chemical revolution» 
engendered a profound or revolutionary change, in the type of substances involved in chemical 

experiments.

On the left, Uiso Alemany. «The Self-absorbed Chemist Series», 2010. Mixed technique, 27 x 35 cm.



■ WAS THERE REALLY A CHEMICAL REVOLUTION?

It is not possible (for reasons of space) to discuss 
the Lavoisierian chemical table in all interesting 
aspects. The gases, which Lavoisier understood as 
compounds of caloric, were indeed an important 
group of new substances not represented in tables 
of afÞ nity. However, with respect to the allegedly 
revolutionary achievement of the table, two facts are 
curious: Þ rst, the chemical substances presented in 
the table overlapped to a considerable extent with the 
material substances presented in the previous tables 
of chemical afÞ nities. Second the «revolutionary» 
table also included several 
types of substances that were 
excluded from university-based 
chemistry after the «chemical 
revolution». These were the 
alloys and, in an appendix, plant 
substances such as vegetable 
oils, resins, tinctures and 
soaps. Only after the chemical 
revolution, around 1800, did 
chemists begin to systematically 
compare the quantitative composition of a large 
number of chemical compounds, based on quantitative 
chemical analyses. The goal of this endeavour, 
designated stoichiometry, was to unravel regularities 
or laws of chemical composition. In the new 
Þ eld of stoichiometry, chemists singled out pure 
chemical compounds in the modern sense, namely 
stoichmetric compounds with an exact, invariable 
quantitative composition. In 1813 and 1814, based on 
stochiometry and John Dalton�s atomic theory, the 
Swedish chemist Jöns Jacob Berzelius introduced 
chemical formulas to denote the pure stoichiometric 
compounds. At this point, alloys, which were still 
included in the Lavoisierian table of 1787, were no 
longer deÞ ned as proper chemical substances, as they 
were not stochiometric compounds. Furthermore, 
in the Þ rst decades of the nineteenth century the 
traditional plant and animal chemistry also underwent 
a deep transformation, which led to a new type of 
organic chemistry focusing on stoichiometric carbon 
compounds and marginalising non-stoichiometric 
organic substances such as vegetable oils, resins, 
tinctures and soaps. 

These facts shed new light on the chemical 
revolution. Why should we regard the Lavoisierian 
chemistry as a scientiÞ c revolution, given the fact that 
it did not imply a deep change in the kinds of material 
substances rendered objects of chemical inquiry? It 
was only several decades after the chemical revolution 

that the Þ eld of material substances regarded as 
true «chemical substances» underwent a deep 
transformation. 

■  PROCESSED CHEMICAL SUBSTANCES IN THE 
EIGHTEENTH-CENTURY

The eighteenth-century tables of afÞ nities and 
the 1787 table of chemical nomenclature selected 
certain types of processed, chemical substances 
such as metals, acids, alkalis, earths, salts and 
metal alloys. All of these substances shared a set of 
characteristic features. For one thing, they underwent 

much less complex chemical 
transformations than the vast 
majority of materials studied 
by eighteenth-century chemists. 
For example, when eighteenth-
century chemists distilled plant 
leaves or animal oils, they 
decomposed these materials 
into a large number of different 
substances, which varied 

«THE FIELD OF MATERIAL 

SUBSTANCES REGARDED 

AS TRUE “CHEMICAL 

SUBSTANCES” UNDERWENT A 

DEEP TRANSFORMATION»

The small pharmaceutical laboratory of the Royal Court of Berlin. 
From Johannes Hörmann, 1898. Die königliche Hofapotheke in 
Berlin (1598-1898), Hohenzollern Jahrbuch 1898.
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according to the temperature of distillation and other 
local factors. Eighteenth-century chemists found it 
difÞ cult to follow this type of chemical change and to 
draw reliable, general conclusions about the nature of 
material substances and their reactions. By contrast, 
metals, acids, earths and alkalis 
and the salts prepared with them 
as well as metals and metal alloys 
underwent comparatively simple 
chemical reactions, which could 
be interpreted more easily. For 
example, when a copper was 
dissolved in sulphuric acid it was 
transformed into a salt (copper 
vitriol), when the solution was 
evaporated. Moreover, copper 
vitriol could be decomposed 
again into copper and sulphuric acid (the latter in a 
compound form). Likewise, copper and tin combined 
into the alloy bronze, and bronze could be decomposed 
in subsequent operations into copper and tin. 

It was, therefore, substances that were combined 
in pairs to form new, binary chemical compounds 
which could in turn break down and be recovered from 
these compounds in subsequent chemical operations. 
They thus displayed a stable, reproducible pattern of 
chemical transformations, namely simple, reversible 
decompositions and recompositions. In the seventeenth 
and eighteenth centuries, studies of simple, reversible 
decompositions and recompositions of salts and alloys 
enabled chemists to track single substances involved 
in chemical change and to interpret them as relatively 
stable chemical building blocks that were preserved in 
the binary chemical compounds prepared from them. 
The eighteenth-century tables of afÞ nities grouped 
together and ordered (according to elective, chemical 
afÞ nities) such types of substances along with their 

reversible, binary compositions and decompositions. 
In so doing they highlighted pure substances, not in 
the modern sense of nineteenth-century stoichiometry 
but in the eighteenth-century sense of traceable, single 
chemical substances, which were not contaminated 
with other substances. Only decades later, from around 
1800, did chemists identify many, but not all, of these 
processed eighteenth-century chemical substances as 
stoichiometric compounds.

■  CHEMICAL PURITY WAS NOT THE OPPOSITE OF 
USEFULNESS

Where did these pure, traceable substances come 
from? In the eighteenth century, the vast majority of 
them were useful materials. They were products of 
arts and crafts. Virtually all chemicals represented and 
ordered in Etienne François Geoffroy�s famous table of 
chemical afÞ nities (1718) and most chemicals grouped 
together in the table of chemical nomenclature 
published by Lavoisier and his collaborators, were 

useful materials in trade and 
industry of the time. Trade 
and commercial production 
constituted the space in which 
most of the eighteenth-century 
chemical substances came 
into being. Eighteenth-century 
chemists purchased materials 
from merchants, apothecaries 
and other practitioners and 
reproduced them in their 
laboratories. They further 

puriÞ ed these mundane materials, studied their 
perceptible properties and analysed their composition. 
Performing analyses and re-syntheses, in the second 
half of the eighteenth century, in particular, chemists 
also introduced new kinds of substances and new 
experimental techniques that went beyond the existing 
artisanal materials, instruments, and operations and 
the different «kinds of air» or gases are a case in point. 

The notion of chemical purity is often regarded 
as the opposite of usefulness. But careful historical 
analysis demonstrates that this understanding is 
historically mistaken. The substances represented 
in the 18th century tables of afÞ nities and the 1787 
table of chemical nomenclature were pure, traceable 
substances, but the vast majority of them were also 
useful materials. Late seventeenth-century and 
early eighteenth-century chemists� recognition of 
reversible decompositions and recompositions of 
these substances was the result of cognitive work, 
which involved abstraction from the origin and uses 

Chemical substances from the Chemistry Museum at Leeds, 
founded in 1874.

«TRADE AND COMMERCIAL 

PRODUCTION CONSTITUTED 

THE SPACE IN WHICH MOST OF 

THE EIGHTEENTH-CENTURY 

CHEMICAL SUBSTANCES CAME 

INTO BEING»
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of these substances. Abstract reasoning and modelling 
was no less part of E. F. Geoffroy�s table of chemical 
afÞ nities from 1718 than it was part of Lavoisier�s table 
of chemical nomenclature from 1787. All conceptual 
reasoning and modelling goes hand in hand to a 
greater or lesser degree with abstractions. But the fact 
that eighteenth-century chemists constructed abstract 
building-block models of chemical substances and 
reactions as well as tables that abstracted from the 
technological and experimental context of chemical 
substances does not mean that chemists always and 
only approached material substances in an abstract 
fashion. As a matter of fact, eighteenth-century 
chemists studied material substances from many 
different perspectives, including their perceptible 
and imperceptible dimensions, their origins and their 
uses. Their pure, traceable substances, represented in 
tables, were only a small part of a much larger world 
of materials, including raw minerals and plant and 
animal substances, almost all of which also had a 
social life as commodities. 

■ SOCIAL AND TECHNOLOGICAL ASPECTS

The vast majority of the chemical substances 
represented in the eighteenth-century chemical 
tables were not the products of scientiÞ c creativity 
and of a «thriving investigative activity» of chemists 
experimenting in academic institutions such as the 
Royal Academy of Sciences of Paris. The eighteenth-
century chemists� pure substances were rather part of a 
material culture that was shared by university-educated 
chemists, apothecaries, assayers, mining ofÞ cials and 
other experts whose technical work and technological 
inquiries involved chemical operations. The history 
of the eighteenth-century concept of chemical purity 
was deeply embedded in technology and society. 
The great attention that university-educated chemists 
paid to reversible chemical reactions and tables of 
afÞ nities from the mid-eighteenth century eventually 
contributed to the formation of the concept of 
stoichiometric purity around 1800. Technology is an 
important context for this concept, despite the fact 
that stoichiometry, like the chemical tables of the 
eighteenth century, abstracted from the origin and uses 
of substances. 

The study of pure substances had roots in 
workshops and artisanal laboratories and was not a 
pure scientiÞ c enterprise. This kind of entanglement of 
knowing and doing did not change signiÞ cantly at the 
end of the eighteenth century in the so-called chemical 
revolution. Moreover, the so-called chemical revolution 
promoted neither deep changes in the chemical 

laboratory and styles of chemical experimentation 
nor in the kinds of material substances studied by 
chemists. 

The chemical revolution was mainly a revision of 
a bundle of chemical theories and, as a consequence, 
a reversal of the classes of compound and simple 
substances; what was simple before was regarded 
compound later, and vice versa. Apart from theoretical 
and taxonomic transformations, everything else 
involved in the chemical revolution was a completion 
of endeavours that had begun long before Lavoisier 
entered the stage of chemistry. Lavoisier was more 
radical than his predecessors and contemporaries in 
separating chemistry from its alchemical past and 
from what he considered to belong to metaphysics. 
However, historians and philosophers of science would 

The large laboratory of the Royal Court of Berlin. From Johannes 
Hörmann, 1898. Die königliche Hofapotheke in Berlin (1598-1898), 
Hohenzollern Jahrbuch 1898.
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probably never have designated his achievements a 
«scientiÞ c revolution» if he and his collaborators had 
not boldly made this proclamation. As new historical 
analysis has shown, there was no chemical revolution 
in the eighteenth century.

■ CHEMICAL LABORATORIES

The most important site of eighteenth-century 
chemists� natural and technological inquires was the 
laboratory. Most eighteenth-century experimental 
philosophers and naturalists performed their 
experimental trials in any suitable multi-purpose 
room. By contrast, an eighteenth-century experimenter 
would have hardly been acknowledged as a «chemist» 
if it were doubted that he actually had access to 
a laboratory. The chemists needed laboratories 
for several reasons. Eighteenth-century chemical 
techniques required many different kinds of large 

furnaces along with chimneys as well as water 
fountains and tons of wood or charcoal, which could 
not be moved around easily. It was convenient, if not 
necessary, to have a special room for this equipment. 
Chemical operations also meant dirty handiwork 
yielding lots of smelly, corrosive, or poisonous 
products, which had to be kept apart from studies and 
ordinary life in the household. Furthermore, most 
chemical experiments combined different techniques 
requiring many different types of vessels, instruments, 
reagents and auxiliary materials, depending on the 
kind of substance subjected to experimentation and 
the experimental goals. These vessels required storage 
space. Chemists� reagents and samples of substances, 
stored in phials and jars, also had to be ordered on 
shelves or in closets and further be protected from 
humidity and corrosion. In addition, eighteenth-
century chemists had established a continual, more 
or less daily style of experimentation, instead of 
the often-interrupted experimental trials and public 
demonstrations of experiments in the core area of 
experimental philosophy. This style of continual 
experimentation was rooted in a long historical 
tradition. It Þ tted the technological goals inherent in 
this tradition, as well as the predominant intellectual 
interests, questions and objects of inquiry of the 
eighteenth-century chemists: namely, the study of the 
multifarious world of material substances. In their 
experimental histories and chemical analyses the 
eighteenth-century chemists would study one material 
substance after the other. This style of experimentation 
was in principle unbounded, not only because 
of the immense number of substances subjected 
to experiments but also because of the material 
productivity of chemical experimentation, which 
continually yielded new material reaction products.

Our overall picture of eighteenth-century 
experimentation has been signiÞ cantly shaped 
by historians of physics and their emphasis on 
the emergence of experimental philosophy in the 
seventeenth century and of quantiÞ cation and precision 
measurement in the Enlightenment. This picture 
accords with our knowledge of the laboratories and 
precision experiments of the most famous eighteenth-
century chemist, Antoine-Laurent Lavoisier, and of 
some other prominent chemical philosophers such 
as Henry Cavendish. Yet their laboratories were not 
typical. Our concern with these outstanding chemists 
has too often blinded us to the circumstances of the 
more ordinary, lesser-known eighteenth-century 
chemists who contributed to chemistry by repeating 
artisanal operations and performing experiments 
with quite mundane instruments such as retorts, 
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The laboratory of the University of Altdorf. From Johann G. Puschner, ca. 1720. Amoenitates Altdorfi nae oder eigentliche nach dem Leben der 
gezeichnete Prospecten löblichen Universidad de Altdorf. Michaelis. Nuremberg.
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beakers, phials and crucibles. We ought not to forget 
that Lavoisier was a wealthy Þ nancier of the Ancien 
Régime who could afford to purchase outstanding, 
expensive precision instruments from the most 
renowned instrument makers of Paris, and that 
many chemists, who lacked the means to buy such 
instruments, complained that they were unable to 
repeat his experiments. 

In the eighteenth century, laboratories were 
established at universities and academies as well 
as in the newly founded professional and technical 
schools. But at that time, chemical laboratories also 
existed in apothecaries� shops, mining administrations, 
metallurgical plants, mints, arsenals, dyeing 
manufactories, porcelain manufactories, chemical 
factories, distilleries and perfumeries. 

There was a particularly strong similarity between 
pharmaceutical and academic laboratories. This 
can be easily seen when we compare drawings and 
instruments exhibited in today�s pharmacy and 
science museums. The same types of furnaces, 
retorts, alembics, jars, beakers, phials, crucibles, and 
balances that chemists used in academic laboratories 
were also used by apothecaries for the preparation of 
chemical remedies. Laboratories of eighteenth-century 
apothecaries and chemists were often established 
on the ground ß oor of a building and in rooms with 
vaulted stone ceilings. The former was particularly 
convenient for water and fuel supply; the latter meant 
protection against Þ re. Windows were very important 
for fresh air and to carry off poisonous vapours. 
The predominant equipment of both chemical and 
pharmaceutical laboratories included large furnaces, 
a chimney, and various kinds of distillation apparatus. 
The shared material culture of the pharmaceutical 
and academic-chemical laboratory helps explain why 
apothecaries frequently shifted from the commercial 
production of chemical remedies to careful observation 
and chemical analysis and why chemists moved 
between experimental analysis and pharmaceutical 
innovation. It explains why many eighteenth-century 
chemists were apprenticed apothecaries. Observations 
and experiments performed in pharmaceutical and 
other artisanal laboratories contributed to chemistry 
well into the nineteenth century. 
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Perhaps among the features that best characterise 
the work of Bernadette Bensaude-Vincent, Professor 
of History and Philosophy of Science at the Paris-
Sorbonne University, are her tireless efforts to build 
intellectual bridges and help us understand science in 
the past and present. Born in Béziers (France) in 1949, 
she is married and has three children. Bensaude has 
built bridges between the history and philosophy of 
science, enabling us to integrate knowledge of the 
past in philosophical refl ection on the status of an 
experimental science like chemistry; bridges between 
past and present, helping us understand current che-
mistry from a historical perspective; bridges between 
science and society, each with their own knowledge, 
fear and ignorance. We talked about all this with her, 
about chemistry, history and philosophy, experts 
and laymen, ignorance and fear. She is the author of 
dozens of books and hundreds of articles in which 
chemistry, its production and its 
social image, play a major role.

Why would someone like you, 
with philosophical training, 
devote your life’s work to the 
history of an experimental 
science like chemistry?

I Þ rst touched on chemistry 
when I was preparing my 
Agrégation de philosophie exam 
at 21 years old. The topic chosen 
for the competitive exam that 
year was «matter». Since then I have not stopped 
«philosophising about matter», but not as a general 
but rather as a speciÞ c concept, namely, materials. 
And, working on matter, it was hard not to come 
across chemistry.

And presumably chemists too. What have you 
learned from them?

Indeed, I have been fortunate enough to converse 
with many chemists and perceive their vision of 
chemistry. That has enabled me to identify some of 
the philosophical issues inherent to this science. I 
quickly realised that chemistry was, in a way, the 

poor relation of epistemological reß ection. The vast 
majority of science philosophers were more interested 
in physics and biology. This led me to wonder if it 
was possible to construct a philosophy of chemistry, 
considering its speciÞ cities, and to be able to deÞ ne it 
without reference to physics.

Do you think, then, that chemistry essentially differs 
from physics?

From my point of view, the very essence of chemistry 
in itself does not exist. Its identity has been built over 
a long history of different and manifold practices; its 
speciÞ city has been taking shape in the many battles 
fought in support of academic and social recognition, 
as well as the continuing disputes between different 
practitioners. It is precisely this idea that sparked 
my interest in the history of chemistry and then 
I discovered there was a real chemists� culture, 

moreover, that there were 
different cultures of chemistry 
�cultures that philosophers have 
long ignored�.

One of your main research 
fields has dealt with the work of 
Antoine-Laurent Lavoisier. You 
took part in numerous events 
and publications related to the 
bicentennial celebration of his 
death. Now that almost two 
decades have gone by, can we 

assess the repercussions this commemoration has 
had on how this scientist and the chemical revolution 
are viewed?

Celebrations always provide the chance for historic 
Þ gures to be revived and gain visibility. They can 
also serve to take balance of the work carried out 
since the last memorial. This is what happened with 
the commemoration of the bicentenary of Lavoisier�s 
death, in 1994. Dozens of meetings and conferences 
were held in France and in many other countries 
and there were countless publications. And yet, I 
cannot truly say that all this gave rise to a consensual 
interpretation of the chemical revolution. On the 
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BERNADETTE BENSAUDE-VINCENT
Full Professor of History and Philosophy of Science at the Paris-Sorbonne University 

CHEMISTRY’S SOCIAL IMAGE: BETWEEN HOPE AND FEAR

«THE VERY ESSENCE OF 

CHEMISTRY IN ITSELF DOES 

NOT EXIST. ITS IDENTITY HAS 

BEEN BUILT OVER A LONG 

HISTORY OF DIFFERENT AND 

MANIFOLD PRACTICES»

©
 M

ÈT
O

D
E



contrary, all these acts, which brought together 
professional chemists and historians of science, 
merely revealed the gulf between the Lavoisier cult, 
Lavoisier as the founder of modern chemistry, which 
is still deeply rooted among chemists and the much 
more nuanced interpretations of historians.

Does that mean that historical research has failed 
to change the image of the chemical revolution 
engraved in the collective memory of chemists?

The disagreement is not only between scientists and 
professional historians. The 1994 commemoration 
highlighted the diversity and divergence of views 
between the «Lavoisier scholars». It is true that few 
historians today defend the idea that there was a 
crucial event that sparked the chemical revolution 
or that Lavoisier was a founder Þ gure of chemistry. 
However, the rejection of a naive positivist view of 
this type has not given way to a coherent view of the 
process that took place during the last two decades 
of the eighteenth century, nor the exact role Lavoisier 
played in this process.

Your book Lavoisier: Mémoires d’une revolution
(Lavoisier: Memories of a Revolution), published in 
1993, was an invitation for critical reflection on the 
figure of the French chemist, whose hagiographic 
tone was unlike a great many books and events 
commemorating the bicentennial. What did you 
hope to achieve with this book and what do you 
think you achieved?

This book is not so much an intellectual biography 
of Lavoisier but rather a contribution to the 
historiography of ScientiÞ c Revolutions, made 
from the perspective of a case study, namely, the 
chemical revolution. There were several issues that I 
wanted to explore and one of them was to clarify the 
relationship between revolution and foundation. To do 
this, I began to relocate what was considered to be the 
founding event, placing it in the context of chemistry 
during the Enlightenment and thus trying to avoid the 
screening effect attributed to the Lavoisier revolution. 
I tried to show that Lavoisier�s work was carved 
within a tradition of chemistry that was at its peak, 
thanks, among other things, to the support of the 
Royal Academy of Sciences in Paris. And, besides, 
this race was part of international efforts to identify 
gases, the so-called pneumatic science, which was the 
scenario in which the chemical revolution took place. 
The chemical theory instated by Lavoisier did not 
imply a break away from all previous chemistry. The 
imponderable elements or principles remained alive, 
as did the chemistry of salts and afÞ nities, with such 
importance both before and after these theoretical 
developments.

Where, then, was the split, if there ever was one?

I believe that Lavoisier was particularly innovative 
in terms of chemical practices. The balance, in 
particular, lay in Lavoisier�s hands much more than 
a simple measuring instrument, which, incidentally, 
already existed in chemistry labs long before. 
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The balance became an instrument around which 
Lavoisier articulated many facets of his scientiÞ c 
activity and career, but also Þ nancial, as economist 
and reformer, and so on.

And in terms of language...

Yes, indeed, in 1787 the publication of the Method 
of Chemical Nomenclature marks a breaking point 
with the past. But this language reform was actually 
a joint effort carried out by four chemists, and did 
not mark, as it has been ventured, the culmination 
of the chemical revolution. Rather it was a powerful 
dissemination vehicle, because it enabled new 
chemistry to be propagated through training manuals. 
In any event, as shown in recent studies, the adoption 
or adaptation of the new nomenclature did not 
necessarily mean adherence to the set of theories 
proposed by Lavoisier.

Do you think your book has served to bridge the 
gap between history and 
the memory of the chemical 
revolution?

My intention, in any event, was 
to show the reader the historicity 
of the different interpretations of 
the chemical revolution. As well 
as remembering the eighteenth 
century origins of the «scientiÞ c 
revolution» concept, my book 
presents different interpretations 
of the chemical revolution, 
starting with the main player, 
Lavoisier, and the testimonies of 
those events, which saw �amongst other things� the 
tragic death of Lavoisier by the guillotine. I show how 
nineteenth-century chemists (Jean Baptiste Dumas 
and, later, Charles Adolphe Wurtz, among others) 
were the ones to forge the statue of Lavoisier as the 
founder of chemistry, within the context of nationalist 
disputes between French and German chemists in 
the late nineteenth century. All this has been done to 
confront the many stories and their interpretations, 
put forward by contemporary professional historians. 
From this confrontation, I wish to invite wider 
reß ection on the relationship between memory and 
history and the role that history plays in the lives of 
scientiÞ c communities.

Do you believe chemists today can recognise 
themselves in eighteenth-century chemistry?

I don�t know if they could recognise themselves, 

but certainly they could Þ nd many elements for 
reß ection. I believe that recent studies on eighteenth-
century chemistry provide a picture of chemistry 
that contrasts with the current indifference to science 
and helps us to reß ect on the underlying causes. 
Chemistry was a science adored by the public in the 
eighteenth century, regarded as an essential cultural 
element of the Enlightenment, valued as a science 
that was useful for the public good, for economic 
prosperity, for exploitation of mineral resources, 
hygiene, etc. This invites reß ection on the reasons 
why this positive image has been transformed into a 
diabolical image associating chemistry with death, 
poison, pollution, the depletion of natural resources...

What role does science popularisation play in raising 
the awareness of scientific responsibility?

Science can be presented as an attractive and 
sensational spectacle, which can make you dream, 
laugh and, sometimes, even... think.

Think too about the possible 
causes underlying chemistry’s 
current image or to the drop in 
students attending chemistry 
lecture halls...

It is true that chemistry has 
the sad honour of being the 
science to instil most public 
fear, at least in France. However 
I think this has less to do with 
an identity crisis than with 
problems related to pollution, 
deadly drugs or spectacular 

accidents like Seveso. Furthermore, I don�t think that 
student dropout is speciÞ c to chemistry but rather it 
is a general phenomenon affecting other traditional 
scientiÞ c disciplines. Current distrust towards 
science and technology or towards experts should be 
understood in the light of disasters like Chernobyl or 
scandals concerning contaminated blood or mad cow 
disease.

Do you think that today’s chemists can recognise 
themselves when they look at eighteenth-century 
chemistry?

I don�t know if they recognise themselves, but I�m 
sure they can Þ nd many things to reß ect on. I believe 
recent studies on eighteenth-century chemistry 
show us a picture that is in contrast with the current 
�indifference� shown towards this science, so it 
helps us to reß ect on the reasons why. Chemistry 
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was a science adored by the public in the eighteenth 
century, regarded as an essential cultural element of 
the Enlightenment. It was a branch of science valued 
useful to the public good, economic prosperity, 
exploitation of mineral resources, hygiene, and so on. 
This invites reß ection on the why this positive image 
has turned into a diabolical image, which associates 
chemistry with death, poison, pollution, the depletion 
of natural resources.

How can history help to address the «fear of 
chemistry»?

Fear of chemistry does not come from the ignorance 
or credulity of an uninformed public that is so 
ungrateful it does not recognise all we have thanks 
to chemistry. This fear can be traced to two facets 
of the history of science, one cultural and the other 
economic. On the one hand, there is the traditional 
opposition between «chemical» and «natural», 

which has deep cultural roots dating back to 
medieval alchemy. In the context of scholasticism, 
the fabrication of devices is associated with either 
counterfeit or magic. The device was considered 
as something unnatural, subversive in the order 
of creation and revealing man�s arrogance in his 
attempts to equal God. This fraudulent dimension 
of chemistry remains deeply rooted in collective 
memory.

But, as you point out, the relationship between 
chemistry and new modes of industrial production is 
also very important.

The growth of chemical industries within the context 
of an economy based on the mass production of 
disposable products links chemistry with immorality 
and notions of vanity, superÞ ciality and lack of 
authenticity. Chemistry, with its mass-produced 
petrol-based consumer products, is associated with 
a predatory Þ gure that does not care for nature. The 
industrial ecology movement and cowboy economy, 
that exploit resources without worrying about the 
heritage left behind, have at heart all chemical 
production plants manufacturing mass-produced 
throw-away goods that multiply material ß ow and 
use up our planet�s energy and material resources.

And with the production of waste...

Indeed, in the face of the accumulation of clearly 
visible and invasive waste products, chemistry is 
again liable for environmental damage and once 
again envisaged as an enemy of nature. This issue 
should be discussed within this global cultural and 
historical context, beyond the headlines and the 
propaganda. Gone are the days of the crusades, when 
the chemical companies tried to clean up their image 
by hitting back with advertising campaigns.

These campaigns demonstrate the chemical 
industry’s continued interest in influencing public 
opinion. One of your books is entitled L’opinion 
publique et la science à chacun son ignorance
(Public opinion and science: each to their own 
ignorance). What is the greatest ignorance of 
science?

Its public. That is Science�s greatest ignorance, its 
audience. 

Antonio García Belmar. Professor at the Department of Community Nur-
sing, Preventive Medicine and Public Health and of History of Science. 
University of Alicante.
José Ramón Bertomeu Sánchez. Professor at the López Piñero Institute 
for the History of Medicine and Science. University of Valencia-CSIC.
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■ BETWEEN ACADEME AND THE WORKSHOP

In the late eighteenth century, during the golden years 
of the so-called chemical revolution and the impact 
of Antoine-Laurent Lavoisier�s work, craft traditions, 
which were often organised as guilds, were highly 
prestigious. They were also the custodians of a very 
important part of learning about the properties of 
matter and its possible transformation. Recipes for 
metallurgy, dyeing, bleaching, 
soap making, alkalis, acids, 
ceramics, glass, etc., were all 
well-guarded treasures; however, 
they did not always coincide 
with academic discussions 
taking place at universities or 
scientiÞ c societies of the time.

If we take a look, for example, 
at Diderot and D�Alembert�s 
famous Encyclopédie we Þ nd 
an exhaustive explanation of 
the status of chemistry as a 
science, and the various natural 
philosophies held throughout the eighteenth century 
(afÞ nities, phlogiston, pneumatics, and so on), but their 
connection to the magniÞ cent engravings depicting 
each of the arts or crafts is not at all clear. As at other 
times in history, current categories such as theory, 
practice, research, applied science, technology..., 
cannot be applied, because �quite simply� the past 
protagonists� perception does not coincide with 
our own. Only rigorous historical reconstruction of 

certain arts from that time can help us understand the 
logic that lay behind industrial chemistry in the late 
eighteenth century.

■ NATURAL DYES

Since the Renaissance, with the conquest of the New 
World, there was a notable increase in the market 
for dyes compared to the colours available in Europe 

during Antiquity and the Middle 
Ages. The new continents became 
a major source of new natural 
dyes such as indigo, cochineal 
or American logwood or 
«bloodwood» (Brazil, Campeche, 
Yellow), which were to 
complement the Western dyes like 
madder (Rubia tinctorum), wode
(Isatis tinctoria), dyer�s rocket or 
weld (Reseda luteola), Adrianople 
red or Prussian blue. The process 
of dyeing fabrics (wool, silk, 
linen and cotton) also required 

a large number of secondary chemical substances, 
fundamental for the proper setting, fastness and 
durability of dyestuffs, so that small workshops, 
manufactories of printed cotton fabrics (Indian) were 
to become authentic stores of substances that must be 
well-organised, and used rationally.

This was a world of powerful craft traditions, 
which were Þ rmly rooted in the guild culture, where 
tacit knowledge was not always explicit and the 

On the left, Uiso Alemany. «The Self-absorbed Chemist Series», 2010. Mixed technique, 27 x 35 cm.
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SECRETS, RECIPES AND RESISTANCE

THE ART OF DYEING AND THE CHEMICAL REVOLUTION 

Agustí Nieto-Galan

Contrary to what one might think, at the time of Lavoisier’s revolution the chemical industry was 
based more on the wisdom of craft traditions in workshops and manufactures than on the effective 

application of academic knowledge. This article looks at the art of dyeing using natural materials, 
and discusses the particular quality control logic employed and rationalisation of processes and 
procedures. We shall see that these do not fully comply with today’s categories of science and 

technology, chemistry and industry.

«ONLY RIGOROUS HISTORICAL 

RECONSTRUCTION OF 

CERTAIN ARTS FROM 

THAT TIME CAN HELP US 

UNDERSTAND THE LOGIC 

THAT LAY BEHIND INDUSTRIAL 

CHEMISTRY IN THE LATE 

EIGHTEENTH CENTURY»



transmission of recipes and procedures was essentially 
verbal. Far from modern analytical chemistry, 
dyed materials were treated with acids and alkalis, 
dissolved in different liquids and left to ferment for a 
predetermined time, exposed to sunlight or adverse 
weather conditions to qualitatively assess the dye�s 
resilience or fastness. Dyeing and printing procedures 
were complex and full of tiny details that only master 
dyers could control in the course of their daily work. 
Thus, vat temperature and dye concentration, the 
stirring, washing and drying times, for instance, 
constituted tacit knowledge that was difÞ cult to 
replicate away from speciÞ c working conditions.

In addition, a European dyeing network gradually 
grew, a kind of peculiar Republic of Letters, involving 
experts of all kinds: dyers, printmakers, illustrators, 
printers, but also many dyed swatches, manuscripts with 
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Above and right, a dyeing workshop at the Manufacture Royale 
des Gobelins, Paris, as portrayed in two engravings published in 
Diderot and D’Alembert’s Encyclopédie ou Dictionnaire raisonné 
des sciences, des arts et des métiers in 1772. This was a world of 
craft traditions, with a huge gap between practice and modern 
chemistry.

©
 Jo

an
 R

eg
là

 H
um

an
it

ie
s 

Li
br

ar
y,

 U
ni

ve
rs

it
y 

of
 V

al
en

ci
a

«REAL EXPERTS IN THE ART OF DYEING 

WERE NOT ACADEMIC CHEMISTS –INDEED 

THE PROFESSION AS SUCH DID NOT EXIST– 

AND MANY PRACTITIONERS OF CHEMISTRY 

CAME FROM MEDICINE, PHARMACY OR 

CRAFT TRADITIONS»



recipes or procedures and printed texts. It was a republic 
where our traditional categories of theory and practice or 
of pure science and applied science had no place, where 
the quality of dyed or printed fabrics was assessed using 
other criteria, the result of consensus (not always easily 
reached) among experts in the art of dyeing. The secrecy 
of the guilds gradually turned into a select network of 
people with common interests, who shared recipes, 
equipment, practical tips and commercial strategies. 
This open exchange of views concerning each part of 
the process was instrumental in rationalising the art of 
dyeing during the eighteenth century.

■ WHO WERE THE DYE EXPERTS?

For much of the eighteenth century, the real experts 
in the art of dyeing were not academic chemists �
indeed the profession as such did not exist and many 
practitioners of chemistry came from medicine, 
pharmacy or craft traditions �. Not without controversy, 
the so-called Inspecteur Général or «superintendents of 
dyeing» played an important role, especially in France. 
Names such as Charles-François du Fay (1698-1739) 
and Jean Hellot (1685-1766), from their privileged 
position in the Académie des Sciences in Paris, 
inspected dyed swatches sent by various French dyers 
and revised numerous quality tests or débouillis, which 
were the result of subjecting the dyestuffs to different 
chemicals, often hot and in dissolution. However, 
regarding teinture, according to the Encyclopédie,
débouillis was considered insufÞ cient to ensure proper 
dyeing procedures.

It was precisely these problems that encouraged 
the superintendents to progressively introduce more 
academic discussions about l�art de la teinture or the art 
of dyeing. Hellot advocated, for example, a mechanical 
explanation, in which colour particles are absorbed 
and penetrate the pores of the Þ bre, but without ruling 
out the use of débouillis in routine quality control of 
dyestuffs. Despite the growing importance of new 
chemistry and the so-called revolution it represented, 
mechanical explanations were not entirely replaced by 
chemical explanations. Other superintendents of dyeing, 
like Pierre-Joseph Macquer (1718-1784), adopted an 
eclectic position a few years later, considering that both 
mechanical and chemical causes underlay the bonding 
between the dye and the Þ bre. These more or less 
obscure discussions were of little interest in the dyeing 
workshops and manufactories.

In his book Eléments de l�art of teinture (1791), 
Claude-Louis Berthollet (1748-1822), a close 
collaborator of Lavoisier, extrapolated chemical afÞ nity 
to colour-Þ bre afÞ nity in solution in dyeing vats. Thus 
he attempted to provide the fundamental explanation 
for different degrees of fastness obtained for dyes and 
Þ bres. Master dyers not only criticised the growing 
interference of royal inspectors in their world, but also 
that of distinguished members of scientiÞ c societies 
or university professors because �according to the 
artisans� these academic persons contributed nothing 
new to improving the art of dyeing. Many books were 
published, written in plain language and aimed at the 
lower ranks of the world of craftsmen; however, their 
impact was rather weak. By 1748, Hellot was sure 
that the academic description of dyeing processes was 
incomprehensible to the craftsmen practising this art.
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Some of the strongest known acts of resistance to 
these intrusions came from craftsmen like Homassel, 
the chef d�atelier (workshop head) of the Manufacture 
Royale des Gobelins in Paris between 1778 and 1787. 
In the preface to his Cours théorique et pratique 
sur l�art de la teinture (1798), Homassel spoke of 
the disagreements between the academic chemistry 
issuing from Lavoisier�s circle and the workshop 
culture of the expert dyers. In his view, the Parisian 
academics� wish to visit the manufactories and control 
and standardise the dyeing procedures was a grave 

error, and related solely to their personal interests in 
academic promotion. In particular, his criticism was 
directed at Berthollet, who was Inspecteur Général at 
that time, and who advocated the use of new academic 
chemistry to improve the art of dyeing in his Éléments. 
Accustomed to his own ways of working, Homassel 
could not see the alleged beneÞ ts, recommended by 
the academics, of changing the name of the dyes in 
accordance with the new chemical nomenclature of 
Lavoisier, Berthollet and their circle. Nor did he see 
the point in applying new theoretical explanations of 

m
o

n
o

g
r

a
p
h

e
l
e
c

t
iv

e
 a

f
fi 

n
it

ie
s

 54 Annual Review MÈTODE 2012

The dyers’ guild did not like the changes the academic world tried to introduce, such as the new nomenclature and new theories of affi nity. 
This picture, also from the Encyclopédie, shows silk dyeing at the Manufacture Royale des Gobelins.



afÞ nities to solving practical problems of dye-fabric 
setting.

■  JOAN PAU CANALS AND LUIS FERNÁNDEZ: EXPERT 
DYERS

Eighteenth-century Bourbon Spain imitated this model 
of royal manufactories and superintendents of dyes. 
One instance is that of the Catalan Joan Pau Canals i 
Martí (1730-1786), appointed director general of the 
Tintas del Reino in 1764. Canals published a long list 
of reports on Spanish and American dyes and other 
chemicals that were widely used in the 1770s: purple, 
orchil/archill, Prussian blue, Montpellier green (copper 
acetate), kermes dye, lead salts, alum, vitriol (copper 
sulphate), wode and weld, as well as a thorough 
study of useful American dyestuffs. His mission was 
clearly deÞ ned in the 12th volume, entitled Sobre qué 
ingredientes de los nuestros pueden sustituir por los 
estrangeros en los tintes, which concerned ingredients 
that could be substituted by foreign dyes.

Canals wished to promote 
the use of local dyes that were 
affordable in Spain and thus 
avoid dependence on colonial raw 
materials. He also translated the 
works of the French agronomist 
Louis Duhamel du Monceau 
(1700-1782) and defended Jean 
Hellot�s mechanical explanations. 
As a result of his research into 
a substitute for cochineal �the 
main source of red dye in the 
Spanish-American colonies� and 
his endeavour to lessen traditional 
reliance on the Dutch, Canals promoted the cultivation 
of madder and wode in the Castilian lands close to 
Valladolid. He was awarded the title of barón de La 
Vallroja in recognition of the years he devoted to 
growing red dyes. Canals was yet another expert on 
dyes who did not coincide with the perceptions and 
values of the expert artisan dyers. However, he was 
not in accordance with the up and coming academic 
chemists of the time either.

Canals� own words, written in 1763, clearly reß ect 
the genuine characteristics of the art of dyeing in the 
second half of the eighteenth century:

The idea of discovering the secrets of methods, dyes 
and colours excited me, not just because it was of great 
expense to my father but also because of the great 
mystery that made manufacturers, attracted to foreign 
countries, teach the natives at their own expense. And I 
saw with sorrow that the multitude of ingredients going 

into the composition of colours, shades and methods of 
the said Indian prints, and other manufacturers, mostly 
came from foreign countries, notably madder and wode 
from Holland. I neglected neither study nor diligence to 
Þ nd out how I could one day bring about the cultivation 
and preparation of these products of nature and art in 
Spain, as has been successfully achieved, and I have done 
so in compliance with an obligation to my undertakings 
as reß ected in this work.

Other experts in the art of dyeing were also to be 
found in Valencia. We know, for example, the case 
of Luis Fernández, who learned the art in Toledo 
under the prestigious Sedeño family of dyers. He was 
also a prominent member of the Board of Trade and 
Exchange, the institution set up to promote art and 
manufacture within the framework of the Bourbon 
reforms. Fernández was also the director of a royal 
silk dyeing manufactory in Valencia. In 1778, after 
receiving a mandate from the Board to draw up some 
Governmental and instructive general ordinances 
in the art of dyeing, he published a Practical and 

instructive treatise on the art 
of dyeing, which defended the 
need to «optimize the division 
of labour in the manufactories». 
In a magniÞ cent collection 
of engravings reminiscent of 
the Encyclopédie, Fernández 
described the whole silk dyeing 
process in great detail, managing 
to bring together �under one roof� 
the activities of different guilds, 
which had previously been carried 
out in separate workshops.

Canals, Fernández and other 
experts struggled to gain authority in the art of 
dyeing, albeit without discarding tacit knowledge and 
diverse skills, ranging from botanical knowledge of 
plant dyes to details of the chemical and mechanical 
operations taking place in the vats. Had it not been 
for their frequent trips, visiting the manufactories and 
workshops to learn about the processes, their training 
would have been impractical, and probably ineffective.

■ THE INDIAN PRINT

The process required to produce Indian print �the 
imitation of printed coloured cotton fabrics originally 
from India� was lengthy and laborious. To achieve 
marketable fabric of this kind required various steps 
including washing, whitening, scouring and colour 
brightening, as well as the use of moulds and printing 
cylinders, boilers or dryers. Four different kinds of 

m
o

n
o

g
r

a
p
h

e
l
e
c

t
iv

e
 a

f
fi n

it
ie

s

 2012 MÈTODE Annual Review 55

©
 Jo

an
 R

eg
là

 H
um

an
it

ie
s 

Li
br

ar
y,

 U
ni

ve
rs

it
y 

of
 V

al
en

ci
a

«MASTER DYERS OFTEN 

CRITICISED THE GROWING 

INTERFERENCE OF ROYAL 

INSPECTORS IN THEIR WORLD, 

AND THE MEDDLING OF 

DISTINGUISHED MEMBERS 

OF SCIENTIFIC SOCIETIES OR 

UNIVERSITY PROFESSORS»



liquids or mixtures compete for prominence on the 
surface of the fabric: a wide range of plant, animal 
and mineral substances from which natural dyes were 
extracted; Þ xative or mordant mineral salts; colour 
brighteners and darkeners; products for colour fastness 
and protection.

Artists, designers, painters and engravers all played 
a fundamental role in the technical process required 
to produce Indian print, endeavouring to combine a 
multitude of colours and shapes to create a product 
on an industrial scale that would be aesthetically 
attractive to potential buyers on different international 
markets. Thus the two meanings of the word art came 
together: the aesthetic sense and the ancient technical 
meaning, now becoming an industrial one.

More than twenty dyestuffs could be used 
routinely in a dyeing workshop, as well as thirty or 
forty auxiliary products. A key role was played by 
the designer or artist who, after critically examining 
customer preferences and the whims of fashion, should 
develop a strategy whereby the manufacturer would 

produce particular shapes and colours accordingly. 
The most powerful manufacturers hired full-time 
designers and engravers, who would come up with 
new shape-colour combinations daily. However, only 
one in a hundred designs reached the market after 
successfully passing the difÞ cult tests to which it was 
subjected, assessing the beauty of the Þ nish, colour 
fastness and buyers� preferences.

Fabric printing also involved some fundamental 
steps that further complicated the relationship between 
academic chemistry and the craftsmen�s world. 
For one thing, both continuous and discontinuous 
machining processes were necessary, so that new 
mechanical skills and, likewise, new experts took on 
a very important role in large-scale manufacturing 
in industrial factories. Drawing, engraving the 
cylinder, printing and print-design setting became 
very important operations, further complicating the 
deÞ nition of an expert dyer.

Furthermore, printed design of sufÞ cient quality 
could only be achieved if the dyes were applied on a 
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Colour swatch booklet of the Englishman John Mercer (1791-1866), describing various chemical and mechanical procedures for the continuous 
printing of cotton or calico in the early nineteenth century.
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pure white surface and, therefore, chemistry applied 
to fabric whitening became a fundamental part of the 
process. At the beginning of the eighteenth century, 
this process was achieved by spreading the fabrics 
out in open Þ elds for months on end, or by treating 
them with diluted acids. Thus, the discovery of 
chlorine gas in 1785 enabled Berthollet to propose its 
use for the fast and effective bleaching of fabrics. In 
1788, the Javel manufactory, near Paris, developed a 
commercial product known as eau de Javel diluting 
chlorine in an alkaline solution. In 1789, Thomas 
Henry (1734-1816) patented a solid bleach product in 
Scotland, which had certain advantages over eau de 

Javel. Technical details aside, the important point is 
that this implied the industrial application of gas that 
had been discovered a few years before in an academic 
context, in the laboratory. Despite the use of chlorine 
solutions, industrial bleaching of fabrics also required 
craftsmanship, with many tests and adjustments. This 
example has been used by some historians to show the 
link between academic culture and traditional craft 
culture. In any case, the complex world of textiles and 
art, of dyeing and printing procedures far exceeded 
any simpliÞ cation to science vs. technology or 
chemistry vs. industry that we may imagine today.

The art of dyeing at the time of the chemical 
revolution was characterised by a complex 
combination of quality control and analytical 
techniques far removed from modern chemistry. 
In trial and error experiments, diverse taxonomic 
criteria to classify and sort dyes, chemicals, colour-
related processes and patterns, with adoption of 
numerous foreign recipes, circulation of books, of 
formulas and of samples, and a considerable amount 
of tacit knowledge that was difÞ cult to quantify or to 
standardise. The reader can always argue that perhaps 
the art of dyeing was an exception, and Þ nd interesting 
applications of Lavoisier�s academic chemistry to 
other industrial activities. However, historical evidence 
suggests otherwise. Even in the case of chlorine, its 
industrial application to bleaching fabrics had little 
to do with the laboratory experiments of the previous 
decades. The synthesis of soda (sodium carbonate) 
from sea salt (sodium chloride) and sulphuric acid 
by Nicolas Leblanc, or the industrial production of 
other alkalis and acids, remained largely within the 
paradigm of tacit knowledge, craftsmanship and 
traditions, a particular logic rationalising each of the 
processes. Nonetheless, this is a very important aspect 
of the history of chemistry too, which �as in the case 
of dyeing� should be researched, disseminated and 
honoured. 
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Science and Literature is a huge topic, which can 
only be covered superÞ cially within the conÞ nes of 
a short article. Therefore, I have chosen to address it 
within the restricted conÞ nes of my own experience: 
as a chemist, who after half a century of research �the 
results of which I described in well over a thousand 
articles in the scientiÞ c literature� decided to reinvent 
himself by focusing on «true» literature, which for my 
present purpose means Þ ction and theatre plays. The 
personal reasons that caused my own transformation 
from scientist to author of Þ ction 
and plays need little elaboration, 
since I have described them in a 
memoir (Djerassi, 2003). Instead, 
let me narrow the focus even 
further by using in this Year of 
Chemistry, my own discipline 
as the science to be examined 
through the lens of literature.

■ CHEMISTRY IN LITERATURE

Without quantitative evidence, I would generalise 
and say that chemistry is probably the scientiÞ c 
discipline that is least widely represented in Þ ction or 
in the theatre compared to medicine or even physics. 
Similarly, in spite of the fact that some superb literati 
like Primo Levi or Elias Canetti were also chemists, 
I am under the impression that there are far fewer 
chemist-authors in literature than say medically 
trained scientists. Why? 

Is it because chemists use mostly chemical 
structures rather than just words and thus Þ nd it 
difÞ cult to communicate even within their own 
specialty, let alone the general public, without 
recourse to blackboard or slides or some other kind 

of pictogram? Or is it because chemists deal almost 
exclusively with abstractions at the molecular level, 
whereas physicians spend their days listening to the 
stories of other human beings? After all, even the most 
scientiÞ cally-invested novels or plays succeed, if they 
do, because they work at the human level. Finally, 
let me add another hurdle why so few chemists write 
plays. Since the time of Galileo most formal written 
discourse of scientists is monologist or indirect, 
whereas the theatre is the realm of dialogue.

■ SCIENCE-IN-FICTION

What caused me, a scientist from 
a very hard science, chemistry, 
to cross over into Þ ction to 
become an intellectual smuggler? 
Somewhat late in life, in my 
middle sixties, I decided to help 
bridge the ever-widening gulf 
between science and popular 
culture in a somewhat unorthodox 

way, and to do it through a genre I call «science-in-
Þ ction» �not to be confused with science Þ ction�. 
For me, a novel can only be anointed as «science-in-
Þ ction» if all the science or idiosyncratic behaviour 
of scientists described in it is real or at least plausible. 
None of these restrictions apply to science Þ ction. By 
no means am I suggesting that the scientiÞ c ß ights 
of fantasy in science Þ ction are inappropriate. But 
if one actually wants to use Þ ction to smuggle facts 
about science into the consciousness of a scientiÞ cally 
illiterate public �and I do think that such smuggling 
is intellectually and societally beneÞ cial� then it 
is crucial that the facts are described accurately. 
Otherwise, how will the scientiÞ cally uninformed 

«RATHER THAN DESCRIBE 

PRIMARILY WHAT SCIENTIFIC 

RESEARCH WE SCIENTISTS 

PERFORM, I WANTED TO 

FOCUS ON ILLUSTRATING HOW 

SCIENTISTS BEHAVE»
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THE STORY OF ‘OXYGEN’

SCIENCE AND LITERATURE ON THE PAGE AND STAGE

Carl Djerassi

Can scientifi c facts and the idiosyncratic tribal culture of scientists be presented persuasively and 
intelligibly in the form of «science-in-fi ction» and «science-in-theatre»? Here, some affi rmative 

examples are given, emphasising the play Oxygen.

On the left, Uiso Alemany. «The Self-absorbed Chemist Series», 2010. Mixed technique, 27 x 35 cm.



reader know what is presented for entertainment and 
what for the sake of factual knowledge?

But of all literary forms, why use Þ ction? The 
majority of scientiÞ cally untrained persons are afraid 
of science, often murmuring, «I don�t understand 
science», while dropping a mental curtain, the moment 
they learn that some scientiÞ c facts are about to be 
sprung on them. It is that portion of the public �the 
ascientiÞ c or even antiscientiÞ c reader� that I want 
to touch. Instead of starting with the aggressive 
preamble, «let me tell you about my science», I 
prefer to start with the more innocent «let me tell 
you a story» and then incorporate realistic science 
and true-to-life scientists into the plot. But rather 
than describe primarily what scientiÞ c research we 
scientists perform, I wanted to focus on illustrating 
how scientists behave. And it is here that a scientist-
turned-author can play a particularly important role, 
because scientists operate within a tribal culture 
whose rules, mores and idiosyncrasies are generally 
not communicated through speciÞ c lectures or books, 
but rather are acquired through a form of intellectual 
osmosis in a mentor-disciple relationship. To me �as 
a scientiÞ c tribesman for over Þ ve decades� it is 
important that the public does not look at scientists 
primarily as nerds, Frankensteins or Strangeloves. 
And because science-in-Þ ction deals not only with 
real science but more importantly with real scientists, 
I feel that a clansman can best describe a scientist�s 
tribal culture and behaviour. As an example of the 
many topics that I felt warranted illumination behind 
the scrim of Þ ction, let me refer the reader to the last 
novel, entitled NO (Djerassi, 1998) in my science-in-
Þ ction tetralogy. I selected it because it shows what 
range of science-related topics can be encompassed 
within the pages of a single novel: the chemistry of 
Nitric Oxide, its biological role in penile erection, 
its commercialisation through the establishment and 
operation of a typical biotech company (based on a 
real case study in Silicon Valley), the struggles of 
women in the still male-dominated culture of science, 
the increasing Asianisation of American science, and 
Þ nally the reappearance in NO of all the characters 
of the preceding three novels. But this seeming 
braggadocio also requires an important caveat.

My desire to use my novels to smuggle information 
into the minds of an innocent reader clearly has 
didactic motives and probably originates from 
my ingrained habit as a scientist, since scientiÞ c 
writing serves mostly as a vehicle for information 
transmittal. Yet the word «didactic» is usually a 
pejorative one when employed in Þ ction or theatre. 
In spite of this, I believe that the Roman poet Horace 

Poster from the French production of An Immaculate 
Misconception (Une immaculée Miss Conception) at Théâtre du 
Grütli, Geneva, 2002.

Laboratory scene from the Portuguese production of An 
Immaculate Misconception (Esse Espermatozóide e meu!) at 
Teatro do Trindade, Lisbon, 2004.
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justiÞ ed persuasively its judicious use in his famous 
prescription from Ars Poetica: «Lectorem delectando 
pariterque monendo» [delighting the reader at the 
same time as instructing him]. 

■ SCIENCE-IN-THEATRE

So let me turn to the theatre to make the most 
persuasive argument why gentle touches of didacticism 
interspersed throughout a text need not be fatal. In a 
recent book of mine (Djerassi, 2008), I explained why 
the use of dialogue has so attracted me:

One reason has to do with my own biography. In 
my previous incarnation as a scientist for more than 
half a century, I was never permitted, nor did I allow 
myself, to use direct speech in 
my written discourse. With very 
rare exceptions, scientists have 
completely departed from written 
dialogue since the Renaissance, 
when, especially in Italy, some 
of the most important literary 
texts were written in dialogue 
form. They could be expository 
or even didactic, to conversational 
or satirical, that attracted both 

readers and authors. Galileo is a splendid case in point. 
And not just in Italy. Take Erasmus of Rotterdam, his 
colloquies are a marvellous example how one of the 
Renaissance�s greatest minds managed to cover in 
purely dialogic form topics ranging from «Military 
Affairs» (Militaria) or «Sport» (De lusu) to «Courtship» 
(Proci et puellae) or «The Young Man and the Harlot» 
(Adolescentis et scorti). This explosion of dialogic 
writing even stimulated literary-theoretical studies. 
From the sixteenth century on, critics have attempted to 
exalt, defend, regulate or, alas, to abolish this genre of 
writing, which on occasion has been deÞ ned as closet 
drama: theatre to be read rather than performed.

Nowadays, the exclusive use of direct speech is 
only practiced in theatrical writing, which is one of 

the reasons why I have chosen the 
theatre for my literary activities 
during the past dozen years. 

Science is inherently dramatic 
�at least in the opinion of 
scientists� but does it follow that 
scientists are dramatic personae, 
or that science can become the 
stuff of drama? To me an equally 
important question is whether 
«science-in-theatre» can also 

18th century drawing (Private Collection) by Mme. Lavoisier of «Pneumatic» laboratory scene in Lavoisier’s laboratory, showing Mme. Lavoisier 
on the far right and Lavoisier in the centre. 

«A NOVEL CAN ONLY BE 

ANOINTED AS “SCIENCE-

IN-FICTION” IF ALL THE 

SCIENCE OR IDIOSYNCRATIC 

BEHAVIOUR OF SCIENTISTS 

DESCRIBED IN IT IS REAL OR 

AT LEAST PLAUSIBLE»

m
o

n
o

g
r

a
p
h

e
l
e
c

t
iv

e
 a

f
fi n

it
ie

s

 2012 MÈTODE Annual Review 61

©
 Is

ti
tu

to
 d

i S
to

ria
 d

el
la

 S
ci

en
za

, F
ire

nz
e



fulÞ l an effective pedagogic function on the stage, or 
are pedagogy and drama antithetical? Must the urge to 
educate be an automatic kiss of death when writing for 
the commercial theatre? «Didactic», which is code for 
«boring», is usually the most damning term a reviewer 
can use to drive a prospective audience from a play. 

As I have stated on more than one occasion, it 
is the conviction of many scientiÞ cally untrained 
persons that they are unable to comprehend scientiÞ c 
concepts which stops them from even trying. For such 
an audience, rather than an unadorned lecture, «case 
histories» can be a more alluring as well as more 
persuasive way of overcoming such hurdles. If such a 
story-telling «case history» approach involving science 
or scientists is employed on the stage rather than on 
the lectern or the printed page, then we are dealing 
with «science-in-theatre» (for a less restricted view see 
Zehelein, 2009).

■ AN IMMACULATE MISCONCEPTION

To test the waters, I selected as the topic for my 
Þ rst play, «An Immaculate Misconception», the 
impending separation of sex (in bed) and fertilisation 
(under the microscope) since I consider this one of 
the fundamental issues facing humanity during the 
coming century. For the scientiÞ c component of my 
play, I chose the most ethically charged reproductive 
technology of them all, ICSI (intracytoplasmic sperm 
injection, meaning the direct injection of a single 
sperm into the egg). I suspect that few will argue 
with my assumption that everyone has opinions 
about reproduction and sex, and that most people 
of theatre-going age are convinced that they know 
the facts of reproductive life. But do they really? I 
would offer odds that few in such an audience could 
even answer correctly the following simple question: 
While it takes only a single sperm to fertilise an egg, 
how many sperm must a man ejaculate in order to be 
fertile? Answer: a fertile man ejaculates on the order 
of 50 to 100 million sperm during intercourse; a man 
ejaculating 1 to 3 million sperm �seemingly still a 
huge number� is functionally infertile. Less than 20 
years ago, there was no hope for such men. But now, 
many can become fathers because of ICSI. Yet how 
many members of the theatre audience I wish to attract 
have heard of ICSI? Once they have seen the play, they 
will never forget it.

The relatively rapid acceptance of my Þ rst play �so 
far translated into 12 languages and also broadcast 
by the BBC World Service, NPR (USA), WDR 
(Germany), and the Swedish and Czech Radios as well 
as published in book form (Djerassi, 2000)� can in 

«IF SUCH A STORY-TELLING “CASE 

HISTORY” APPROACH INVOLVING SCIENCE 

OR SCIENTISTS IS EMPLOYED ON THE 

STAGE RATHER THAN ON THE LECTERN 

OR THE PRINTED PAGE, THEN WE ARE 

DEALING WITH ‘SCIENCE-IN-THEATRE’»
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large part be ascribed to the timeliness of the topic and 
the inherently dramatic aspects of human reproduction 
that in An Immaculate Misconception were presented 
so graphically �a feature commented upon by all the 
reviewers�.

■ OXYGEN: THE GAS AND THE PLAY

But as a chemist turning into a playwright, it behooved 
me to see whether chemistry can be presented as 
effectively on the stage as, say, sex. I had the good 
fortune to Þ nd a partner, Roald Hoffmann, interested 
in joining me in such a theatrical experiment. In 
1981, he was awarded the Nobel Prize in Chemistry 
for his theoretical chemical insights. But unlike 
most chemists, he has been interested for years in 

communicating with a broader public, and has done so 
through his own poetry and non-Þ ction writing.

Just as I tried in my Þ rst play to hide my didactic 
motivations behind the scrim of sex, in the second 
play, Oxygen, Hoffmann and I did this by taking up a 
theme �the Nobel Prize� that, at least to scientists, is 
potentially also sexy. The year 2001 was the centenary 
of the Nobel Prize; it is also the year in which our 
play is set. In Oxygen, we postulated that the Nobel 
Foundation decided to celebrate the centenary by 
establishing a new Nobel Prize, termed a «retro-
Nobel», to honour inventions or discoveries made 
before 1901, the year when the Þ rst Nobel Prizes were 
awarded. 

In addition to describing in dramatic fashion the 
history of the discovery of oxygen, our play attempts 
to deal with two fundamental questions: what is 
discovery in science and why is it so important for 
a scientist to be Þ rst? In Oxygen, we approach these 
questions as our imaginary retro-Nobel Committee 
meets to select, Þ rst, the discovery that should be so 
honoured, and then which scientist to credit for it. Here 
is an early scene in which the chair of the retro-Nobel 
committee, Astrid Rosenqvist, debates the issue with 
her male colleagues:

ASTRID ROSENQVIST: Now let me summarise whom 
we�ve got so far: John Dalton as father of the atomic 
theory� Dimitri Ivanovitch Mendeleyev for inventing 
the Periodic Table� August Kekulé for the structure 
of benzene� and of course, Louis Pasteur�. All of 
them Þ rst class� and a nice geographic spread: an 
Englishman, a Russian, a German, and a Frenchman.

ULF SVANHOLM: And for a change no American!
ASTRID ROSENQVIST: Another advantage for concentrating 

on the 19th century. But we also agreed that these four 
are candidates for a later retro-Nobel. The Þ rst one 
must recognise where modern chemistry began.

SUNE KALLSTENIUS: In other words� with the discovery 
of oxygen.

ASTRID ROSENQVIST: Who�d like to come up with some 
simple phrases to explain to the public that without the 
discovery of oxygen there would�ve been no chemical 
revolution� no chemistry as we now know it?

BENGT HJALMARSSON: I�ll give it a try. Prior to Antoine 
Lavoisier�

SUNE KALLSTENIUS: You mean prior to Carl Wilhelm 
Scheele�

ULF SVANHOLM: What about Joseph Priestley?
BENGT HJALMARSSON: Right back to the usual Nobel 

quandary! Too many candidates. 

Throughout the play, as the retro-Nobel Committee 
debates its selection, the audience learns about the 
three leading candidates through a trialogue during a 
royal adjudication concerning the respective claims of 

«SCIENCE IS INHERENTLY DRAMATIC 

–AT LEAST IN THE OPINION OF SCIENTISTS– 

BUT DOES IT FOLLOW THAT SCIENTISTS 

ARE DRAMATIC PERSONAE, OR THAT 

SCIENCE CAN BECOME THE STUFF OF 

DRAMA?»
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To illustrate the advantages of theatre, these photographs serve to 
illustrate how a historical picture of a key experiment by Lavoisier 
can be staged very differently. From top to bottom: view of 2001 
staging of Oxygen from the Costa Rican production at Teatro 
Nacional de San Jose, 2010; «Pneumatic» laboratory scene from the 
Korean production of Oxygen at KCAF Arts Theatre, Seoul 2006; 
and the beginning of «Pneumatic» laboratory scene from Costa 
Rican production of Oxygen at Teatro Nacional de San Jose, 2010.
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the Swedish apothecary Carl Wilhelm Scheele (who 
made it Þ rst); the English minister-turned-chemist, 
Joseph Priestley (who published Þ rst); and the French 
chemist, tax collector, economist, and public servant, 
Antoine Laurent Lavoisier (who understood it Þ rst). In 
switching back and forth between 2001 and 1777, we 
present the historical and personal record that leads 
the Nobel Committee to its Þ nal conclusion. 

SCHEELE: Resolve the question «Who made Þ re air Þ rst?» 
That was His Majesty�s command� to all three of us.

LAVOISIER: Is that the real question?
PRIESTLEY: Of course. And you, Monsieur Lavoisier� 

did not make that air Þ rst� as you yourself in effect 
conceded yesterday.

LAVOISIER: I understood it Þ rst...
SCHEELE: Understanding only comes after existence! 
PRIESTLEY: But my dear Scheele! Proof of such existence 

must be shared!
LAVOISIER: But certainly not years ago as you now claim. 

(Impatient) What is the real purpose of this meeting?
PRIESTLEY: Priority! In August 1774 I made 

dephlogisticated air� your oxygen� 
LAVOISIER: Then you thought you had nitrous air, sir.
PRIESTLEY: More than once, my experiments in pneumatic 

chemistry were cited by you.
LAVOISIER: Is that a reason to complain? 
PRIESTLEY: You write, «We did this� and we found 

that». Your royal «we», sir, makes my contributions 
disappear� poof� into thin air! When I publish, 
I say, «I did� I found� I observed». I do not hide 
behind a «we».

LAVOISIER: Enough of generalities� or platitudes. What 
now?

PRIESTLEY: The question, sir! The question! Who made 
that air Þ rst?

SCHEELE: I did. I, Carl Wilhelm Scheele of Köping. And 
future generations will afÞ rm it.

PRIESTLEY: But by the grace of God, I made it too� I, 
Joseph Priestley, and published Þ rst!

LAVOISIER: They knew not what they�d done� where 
oxygen would lead us.

■ SCIENCE PLAYS AS SCIENCE BOOKS

To date, Oxygen has been translated into 16 languages, 
which brings me to a Þ nal point that applies also 
to all the other six plays I have since written. Are 
contemporary plays solely suited for occasional 
presentation on the stage or are they also texts that 
merit to be read on their own like a standard book? In 
other words are they solely to be used in «show, don�t 
tell» fashion on the stage or also in a «tell, don�t just 
show» manner within the covers of a book, something 
that is generally only done in canonical plays by 
classical authors like Shakespeare, Schiller or Molière? 
I am a Þ rm believer that some contemporary plays 
merit such double exposure and that Oxygen �now 
published in book form in eight languages (see for 
instance Djerassi & Hoffmann, 2001)� falls into that 
category. 
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