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I Abstract
This article analyses the networks that structured chemistry as a discipline in the 18th and 19,h centuries It first examines

the participation of chemists to the 18th century system of epistolary exchanges (the Republic of letters) It then focuses on
the collaborations, which gave an increasing momentum to the community of chemists, and on the training links, which

conditioned the entrance into an emerging scientific field The analysis is based on a sample of 1420 specialists representative

of the Western chemists active between 1680 and 1860 This sample shows that two thirds of these chemists came
from France, Great Britain and Germany The French community was the first to take a national character by the middle

of the 18th century, but chemistry also became a national reality in Germany at the turn of the 19th century Within these

national contexts, training and collaborations increased in specialization and density, especially after the beginnings of the
"Chemical Revolution" in the 1770s and even more so after the reform of the German universities in the 1830s There, a

few professors combining laboratory training to theory taught chemistry on an "industrial" scale and attracted scholars from
Russia, the United States and Great Britain International collaborations, started at an individual level in German and French

laboratories, also contributed to implement modern chemistry into an increasing number of countries The modern field
of chemistry was symbolically established in 1860 with the first international congress of nomenclature held in Karlsruhe

Keywords: networks, chemistry, scientific training, scientific collaboration, specialization, professionalization

I Resume
Elaborer un Systeme scientifique: les premiers reseaux de la chimie moderne (1680-1860). - Cet article porte sur
les reseaux gui ont materialise la constitution de la chimie en discipline autonome au cours des 18e et 19e siecles II s'efforce
notamment de decrire les liens de formation, gui conditionnent I'entree dans un champ scientifigue emergent, ainsi gue
les collaborations qui lui donnent de la substance La participation des chimistes aux echanges epistolaires de la Republique
des lettres est aussi examinee. L'analyse repose sur un echantillon de 1420 specialistes representatifs de l'ensemble de la

communaute des chimistes occidentaux entre 1680 et 1860 Elle demontre que deux tiers de ces chimistes proviennent de

France, de Grande-Bretagne et d'Allemagne La communaute franqaise fut la premiere ä prendre un caractere national, vers

le milieu du 18e siecle, mats la chimie allemande devient egalement une realite nationale au tournant du 19e siecle Dans

ces contextes nationaux, les formations deviennent de plus en plus special/sees et les collaborations de plus en plus denses,

notamment apres les debuts de la « Revolution chimique » des annees 1770, et plus encore apres la reforme des universites
allemandes des annees 1830 Quelques professeurs, combinant apprentissage en laboratoire et theorie, y forment des

chimistes ä une echelle industrielle, dont certains proviennent de Russie, des Etats-Unis et de Grande-Bretagne Un nombre
croissant de collaborations internationales debutent aussi dans ces laboratoires allemands, ou franpais, contribuant du

meme coup ä /'implantation de la chimie moderne dans de nouveaux pays Le Systeme scientifique de la chimie moderne

prend symboliquement naissance en 1860 avec le premier congres international de nomenclature, organise a Karlsruhe

Mots-cles: reseaux, chimie, formation scientifique, collaboration scientifique, specialisation, professionnalisation

Global Studies Institute, Geneva E-mail sigrist rene@bluewin ch
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12 I Rene SIGRIST Organizing a Scientific System the Emerging Networks of Modern Chemistry (1680-1860) I

I Perspectives and method

According to Latour, the capacity of individuals,
groups or nations to participate in the developments
of modern science is directly dependent on their ability

to be connected to the networks of the international
science system, at the local as well as at the global

level1. These connections allow scientists or groups
of scientists to integrate the main system of scientific
communication. This system is not limited to members

of academies and scientific societies, or to
authors of scientific articles and textbooks, even though
it can only function if the empirical results and
proposed theories are validated by scholars considered
competent by the international scientific community.
It is open to persons who have an access to teaching
and research infrastructures, such as laboratories,
observatories, botanic gardens, museums or clinics and
more generally universities and technical schools2.
This integration process allows for the expansion of
the international scientific system to new individuals
and communities'1.
Despite its promising perspectives, few historians of
the Early Modern period have taken Latour's model
as the basis of their empirical investigations4. Most
of those who paid attention to scientific networks
model, have focused their analysis on the ideals
motivating scholarly collaboration5 or have limited their
empirical investigations to the epistolary network of

1 Latour (1987) It is from the study of scientific practice that
Latour derives his analysis of science as a process of network
building He notably sees the practice of references and

citations, and the production of pictures, as ways to mobilize
connections and resources against possible attacks

2 Because science has to be funded, it must enlist many social

actors to happen, and therefore needs to expand its web of
connections beyond the scientific world properly speaking

3 Expanding science into a global enterprise does not exclude
the existence of centres and peripheries

4 Latour's Science in Action has been criticized, sometimes
heavily, by many historians.

5 Daston 1991a, Goldgar (1995), Bots & Waquet (1997), Bury
(1999)

6 Stuber & al (2005) is a perfect example of analysis of such an

ego-network
7 Among the themes related to the history of scholarly networks

in the Early Modern period are the genesis of the Republic
of letters (Schalk 1977), the role of epistolary practice in the
exchanges of natural specimens (Secord 1994), the features of
patronage and trade in services (Stegeman 1996), the interface
between institutions and networks (Zijderveld 2000) or the

emergence of properly scientific networks (Vittu 2002)
8 Among others, the Dictionary of Scientific Biography (Gillipsie

(dir) 1970-1980 various dictionaries of national biographies
(Oxford Dictionary of National Biography, Dictionnaire de

Biographie Franqaise, Neue Deutsche Biographie, Svenskt

Biografiskt Lexikon, Dizionario Biografico degli Italiani and
so forth), as well as the online compendium of biographical
dictionaries labeled World Biographical Information System

a single scholar1'. It is true that many historians have
tried to set up more ambitious analysis, but their
respect for the complexity of the matter has usually
restricted the scope of their conclusions7. My own focus
on science, and especially on chemistry, is obviously
a way to simplify the matter. Defining chemists in a
formal way, and limiting the analysis to training,
patronage and to collaborative links, is a further
simplification. Using Latour's model as guideline for an
empirical investigation aimed at characterizing the
emergence of a discipline (or a sub-system of Early
Modern science), is possibly a third kind of simplification.

This paradigm shall nevertheless define the
broad outlines of this article, whose aims are: 1° to
identify a few "dominant centres" that structured and
organized the nascent discipline of chemistry; 2° to
identify the more dynamic clusters of specialists
existing at different periods; and 3° to localize some of
the ever changing channels of knowledge transfers.
In this article, the focus will be set both on training
(and patronage) links and on collaborative links
that shaped the new disciplinary community and
its various local and national subsets. Behind these
connections, one may perceive the social and institutional

factors that fostered the development of
chemistry. Yet, the detailed study of these factors is not
part of the present enquiry. A short methodological
conclusion will explore how this evolving geography
of chemical networks can possibly contribute to a
better understanding of the historical dynamics of
Early Modern science.
The information on these networks is provided by
a systematic compilation of biographical data about
some 1420 chemists active between 1680 and 1890

(and for a few of them earlier in the 17th century).
This data, stored in an extensive database, is taken
from a great variety of printed sources". As it involves
all outstanding scholars specialized in chemical
research, I hope that this sample of study can be
considered representative of the whole community of
chemists of the Western world.

116th and 17th century chemists: on the
margins of the Republic of Letters

In European history, the first significant movement of
scholarly collaboration was associated with the notion
of "Republic of Letters" (Respublica literarid) that
first took shape in late 15th century Italy and spread
to Western and Northern Europe in early 16th century.
This ideal was defined by some humanists who wanted

to encourage philologists and scholars of all political

allegiances to participate in a collective enterprise
of "Restoration of knowledge". The aim of this undertaking

was to reconstruct in their pristine purity the
works of classical authors and scholars. Mathematical

and scientific texts were part of this philological
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I Organizing a Scientific System. the Emerging Networks of Modern Chemistry (1680-1860) Rene SIGRIST I 31

enterprise, with the advantage that observation and

logical reasoning, which were of no use for the
restitution of literary or sacred texts, could sometimes
help the reconstruction of anatomical, botanical or
mathematical treatises. Alchemy was only marginally

involved in this process, even though a few practical

texts translated from the Arabic helped identifying

and producing the fundamental tools of a well-
equipped (al) chemical laboratory. In the 17th century,
references to modern scholars, including the very
controversial Paracelsus, quickly replaced most
traditional authorities with the exception of Euclides9.

The decline of philological humanism did not put
an end to the Republic of Letters, which took a new
shape and connected new kinds of scholars in the 17th

century. Already in the late 16th century, small groups
of physicians, astronomers and naturalists had started

to exchange empirical data in letters10. Collectors
of curiosities, historians, antiquarians and universal
scholars (polyhistor) also exchanged vast amounts of
empirical data and anecdotes. Some scientific information

was therefore conveyed through these epistolary
networks. Important nodes of scholarly communication

coalesced around the "academies" of Mersenne,
Bourdelot and Montmor in Paris or the Gresham and
Wadham "colleges" in London. The creation of the
first permanent academies (Royal Society in London,
Academie des Sciences in Paris, Academia Naturae
Curiosorum in Germany) significantly reinforced the
participation of "scientists" in the networks of the
Republic of Letters. At the end of the 17th century, these
ideals of scholarly collaboration would acquire an
increased consistency with the publication of scholarly
periodicals edited by independent journalists (Journal

des Savants, Acta Eruditorum) or by academies

(Philosophical Transactions, Memoires de
I'Academie des Sciences). They coexisted with
universal periodicals such as Pierre Bayle's Nouvelles de
la Republique des Lettres, Jean Le Clerc's Biblio-
theque choisie and many others published by Huguenot

refugees11. In all these scholarly exchanges, the
chemists played a marginal role, be they Paracelsian or
Helmontian physicians, mining engineers, craftsmen
or expert manufacturers.

9 On the emergence of a modern scientific field around the
1630s, seen through the authors quoted in Mersenne's
correspondence, see Gingras (2010)

10 Pomata(2011)
" On these periodicals, edited by scholars such as Michel de la

Roche, Pierre Desmaizeaux, Jean Henri Samuel Formey or Louis

Bourguet, see Sgard (1991)
,2 Goldgar (1995)
13 Schandler (2008).
14 Sigrist (2008a).
15 For their fight against the establishment of political economy

as an autonomous science, see Abrosimov (2008)
16 Sigrist (2008a).

During the 18th century, the Republic of Letters,
which usually included "Sciences and Arts" (in the
sense of technical knowledge), still provided an ideal
reference for scholarly collaboration. It promoted a
model of conduct able to mobilize the good will of
scholars working in various local contexts. Academic

affiliations and positive reviews in periodicals were
the only rewards they could expect for their
contributions to science and scholarship in general. But
these rewards were conditioned to the respect of an
unwritten gentlemanly code of conduct requiring
assistance to fellow scholars and the avoidance of
personal attacks in controversies12. Chemists acquired an
intellectual and social visibility by 1666 when some
of them became members of the new Academie des
Sciences established in Paris, and even more when
chemistry became one of the six sections created in
1699 within the Academie. Yet, of the 80 correspondents

elected this year, only two (2,5%) were registered

as chemists. It is very few compared to 18

astronomers (22,5%) or 14 botanists (17,5%), even
though some of the 20 physicians (25%) were indeed
practicing medical chemistry as well.
The increasing dominance of science in the academies

and in the epistolary exchanges between scholars

created some tensions within the universal Republic

of Letters13. Yet, the notion of Republic of Science
as a separate entity would never be totally accepted14.
The French "philosophes", who wanted to maintain
a global and non-specialized culture associating
letters and science, fought for instance against the use
of specialized terminologies15. Their attempt to give
an ideological content and a political significance to
the culture of Enlightenment went also against the
original spirit of the Republic of Letters, which
enforced political abstinence and theoretical neutrality.
Therefore, a growing division appeared between the
Royal academies on the one hand and the mundane
salons on the other. Various subsets of specialists also

emerged within the academic world, especially
mathematicians, astronomers and botanists. Scholars such
as Linnaeus and Johann III Bernoulli even coined the
expressions of "Republic of botanists" (Respublica
botanici) and "Astronomical Republic" to name two
of these emerging disciplinary networks16.

Eighteenth century men of science sometimes
exchanged letters with hundreds of colleagues and
had significant exchanges with dozens of them. The
threshold defining a significant exchange regardless of
the content is of course difficult to determine, and it is
obvious that scientific, literary and personal contents
are inextricably mixed in most letters. To allow for
comparison, a scale of intensity has nevertheless to be
established. Its first degree - the threshold of
significance - would be materialized by a stream of 10
letters addressed by one scholar to another. Further
degrees of intensity would be determined by thresholds
of 20, 50, 100, 200, 300, 500 and 1000 letters written

Iarchives des SCIENCESI ArchSci (2015)68 1-261
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Table I Thematic orientation of the correspondence exchanges of 51 major scientists of the 18th century grouped according
to their mainfield ofenquiry

Number Number Average number Same field Same field
of links of scientists of links (largely defined) (strictly defined)

Mathematicians (pure & applied) 269 12 22,4 48% 38%

Astronomers 394 5 78,8 50% 38%

Physicists (math & theor) 110 5 22.0 50% 19%

Life scientists 583 11 53,0 67% —
Chemists & exper physicists 146 7 20,8 38% 28%
« Philosophes» 183 5 36,6 22% —
Earth scientists 81 6 13,5 14%

TOTAL 1766 51 34,5

on either side. The accumulation of these links, qualified

by their intensity, can be used to define the
degree of centrality or the "importance" of an ego-network,

and therefore of a given scientist17. On that
basis, it is possible to define the proportion of links
established between scientists working in the same
field, and therefore to have an idea of the approximate
degrees of specialization of various disciplines.
According to these criteria, applied to 51 scientists of
the 18"' century, it appears that the most specialized
subset of scholars was the botanist, who exchanged
nearly half of their letters with other botanists and
nearly three quarters with other life scientists, especially

naturalists (Table 1). Other distinctive clusters
of epistolary exchanges group mathematicians, who
had a professional identity since the middle of the 16th

century, and astronomers, who enjoyed strong public

support in many countries and towns. Chemists
and physicists, especially "particular" physicists (who
rely on experimentation more than on mathematics
or theory), appear as a more diffuse entity, characterized

by a high proportion of epistolary exchanges
with other groups of scholars. Yet, their degree of

specialization is still higher than that of geologists,
meteorologists or physicians, and of the universally
minded "philosophes". The average size of the
networks of chemists and experimental physicists (measured

again in terms of significant exchanges) is also
much smaller than those of astronomers, botanists
and physicians, who collected and exchanged
enormous amounts of empirical data. Curiously enough,
their experimental practice did not require in average

more epistolary exchanges than the practice of
pure and applied mathematics or "general" physics.

17 Sigrist (2008b)
18 The question of the origins of Early Modern chemistry, or

« chymistry » (to designate a mixture of alchemical and
chemical features) is another one It can probably be assigned
to the 16,h century, with the birth of Paracelsism and latro-
chemistry, the development of a "chemical philosophy" and
the publication of textbooks on mining engineering

19 Holmes (1989)
20 Principe (2007, p. 7)

Despite their growing number, chemists and experimental

physicists apparently had a rather weak sense
of belonging to a structured community of specialists,
even though this sense was still weaker among Earth
scientists. In other words, the emergence of specialized

networks of chemists was a rather marginal
phenomenon within the 18lh century Republic of Letters
and Science.

I Debates about the origins of modern
chemistry

Traditionally, the birth of modern chemistry was
assigned to a "Chemical Revolution" or a "Pneumatic

Revolution" which took place in the 1770s and
1780slfi. The first theoretical paradigm of the new
discipline was provided by the theory of oxygen as
an explanation of combustion, calcining and acidification.

The isolation of elements and the systematic
use of the balance were also supposed to provide the
first methodological paradigm of chemistry, while the
use of a new nomenclature was considered to have
sealed the whole process of paradigmatic change. The
Kuhnian requirement for the establishment of a new
science based on a shared paradigm was thus fulfilled
by the chemistry of Lavoisier and consorts. This para-
digmadic dimension was usually denied to the earlier
phlogiston theory shaped by Becher and Stahl.
As many certainties in the history of science, this
one has been gradually deconstructed. Already in
the 1980s, Frederic L. Holmes had shown the
existence in 18th century chemistry, and especially within

the chemistry of salts, of features suggesting an
earlier paradigm19. Since then, new arguments have
been added in favour of an earlier birth of modern
chemistry. In a synthetic article, Lawrence M. Principe

wrote, for instance, that changes that happened in
chemistry between 1675 and 1725 had the weight of a

true scientific revolution, even though very few people

noticed it20. These changes first affected the aims
and applications of chemistry, with the abandon of
metallic transmutations as a legitimate target and the

Iarchives des SCIENCESI Arch Sei (2015)68. 1-261
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development of new chemical practices. The second
feature was the increase in status and professionaliza-
tion of chemists, with the creation of the first chairs
of chemistry and also with the first academic
pensions awarded to chemists. Last but not least, the
period saw a remarkable fertility of theoretical innovations

based on experimental and practical results. For
their part, Ursula Klein and Wolfgang Lefevre stated
that even though Lavoisier and his collaborators
introduced reforms in the concepts, theories, analytical
methods and language of chemistry, they did neither
initiate an ontological rupture nor overthrow the
existing taxonomic structure of chemical substances21.

According to them, major changes occurred around
1700, when chemists decided to break away from a

natural philosophy looking for the first principles of
matter or for spiritualized essences. They started
instead to test chemical properties such as combustibility,

acidity, solubility in various solvents, as well as

their interactions with different reagents. Dissociating

chemical compounds into different substance
components held together by chemical affinities,
and using the obtained ingredients to re-synthesize
the original compound, had then become the basic
tasks of analytical chemistry. The notion of reversible
chemical transformation, the concept of chemical
affinity and Stahl's theory of phlogiston were thus the
first components of a true chemical paradigm, which
shifted attention from the imperceptible properties
of matter to the perceptible dimension of chemical
substances. The first chemical classifications based
on this paradigm were expressed by affinity tables
such as the one set up in 1718 by Etienne-Franqois
Geoffroy22.
The existence of a fundamental transformation in the
way chemistry was conceived and perceived also
appeared through the creation, in the late 17"' century,

of the first institutions devoted to chemistry. A
few German universities introduced the teaching of
chemistry within different curricula: pharmacy (Marburg,

1609), practical medicine (Jena, 1673) or even
anatomy (Altdorf, 1677). In France, where the use of
chemical remedies had long been contested by the
medical faculty of Paris during a hundred years
debate over the uses of antimony (1566-1666), a first
course in chemistry was established in 1635 at the
"Jardin du roi" and a second chair added before the
end of the century. The medical faculty of Montpellier

established its own chair of chemistry in 1697.
A further teaching of chemistry was introduced in
1702 at the Pharmacy garden in Paris, equipped two
years earlier with a fine laboratory. Even more signif-

21 Klein & Lefevre (2007, p 2)
22 Klein & Lefevre (2007).
23 According to Carozzi (1983, p 14 et 49), this was Voltaire's

ultimate ambition at this time

icant was the inclusion, after 1666, of a few chemists
among the "pensionnaires" of the newly established
"Academie royale des Sciences". In 1678, a chemical
laboratory was set up in Louvre and in 1699 a whole
section of chemistry appeared within the reformed
"Academie des Sciences".
In Sweden, a Bergskollegium was founded in Stockholm

in 1678 in order to improve the management
of mines. In 1684, it was equipped with a laboratory
to teach the science of mines and metallurgy, which
became the training sector of many chemists. On
this model, a few German states (Brunswick, Saxony,

Prussia) would later create their own council of
mines to manage their mining resources in a more
rational way. In England, the first chemistry teachers,

for pharmacists, appeared just after the Restoration

of 1660. The London Apothecaries' Hall
became in 1672 the first large scale producer of chemical

products. In Cambridge, John Francis Vigani, who
had taught pharmaceutical chemistry since the early
1680s, was named honorary professor in 1703. Yet,
the first chair of chemistry of a European significance
was established in 1718 by the University of Leyden.
Hermann Boerhaave, its first incumbent, already
enjoyed a large reputation as a professor of medicine
and botany. From now on, his numerous students
would diffuse medical chemistry throughout Europe.
All these institutions provided a new generation of
chemists with training and research opportunities
that did not exist before. An international network of
chemists would gradually emerge, defining chemistry

as a scientific practice at the crossroads of natural
philosophy, natural history, technology and of course
medical sciences (including pharmacy). The development

of such a network of specialists coincided with
the establishment of a more formal training, which
increased the level of competence expected from
specialists. The scientific misfortunes of amateurs such
as Voltaire in physics and in the Earth sciences and
Jean-Jacques Rousseau in chemistry may illustrate
the increasing requirements of chemistry and at 18"'

century science in general.

I Entering the chemical networks: the
importance of training, patronage and
specialization

In the wake of the success of his Letters Concerning

the English Nation (1734), Voltaire had taken
a keen interest in Newton. Powerfully helped by the
mathematical abilities of his close friend Emilie du
Chätelet, he successively published an Epitre sur
Newton (1736) and some Elements de la Philosophie

de Newton (1738). At this point, his aim might
have been to succeed to the ageing Fontenelle as
perpetual secretary of the "Academie des Sciences"23.
But if the road to literary fame was an arduous one,

Iarchives des SCIENCESI ArchSci (2015)68 1-261
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becoming a recognized man of science required
overcoming a lot of practical difficulties. Understanding
Newton's Principia proved a very difficult task, even
with the benevolent help of Emilie du Chätelet. After
her death (1749), Voltaire limited his scientific ambitions

to a few incursions in the field of the Earth
sciences, possibly the less formally established at that
time and therefore the most accessible of all24. Yet,
his attempt to participate in the debates about the
origins of fossils proved vain. What he earned was little

more than the fierce critiques - and even the
sarcasms - of Buffon and of the geologist Guettard25.

In 1743, another science - chemistry - suddenly
became fashionable in France, when Guillaume-Frangois
Rouelle (1703-1770) opened his first cycle of
demonstrations at the "Jardin du roi" 26. Among his
numerous auditors was a man of letters and would
be "philosophe" of 31 years of age: Jean-Jacques
Rousseau. One year before, he had already tried to
call on himself the attention of the "Academie des
Sciences" by submitting a new system of musical notation.

In vain. After another year spent in Venice as

a secretary to the French ambassador, Rousseau
returned to Paris and attended Rouelle's lectures for
a second time (1745). In the meantime, he had
become private tutor of Louis Dupin de Francueil (1715-
1786), a wealthy young man who apparently ambi-
tioned to become affiliated to the "Academie des
Sciences". Rousseau himself soon felt confident enough
in his knowledge of chemistry to give private
lessons to a gentleman called Claude Varenne de Beost,
who would later take an interest in the introduction
of potato in France. His employer Dupin soon asked
him to establish a chemical laboratory in his property

of Chenonceaux, the famous Renaissance palace
on the river Cher. While making a few experiments
there, Rousseau was also requested to compile the
best available textbooks on chemistry in order to
produce a new compendium entitled Institutions chy-
miques. His choice fell on Johann Joachim Becher's
Institutiones Chymicae de (1664), Jean-Baptiste
Senac's Nouveau cours de chimie d'apres les prin-

23 On Voltaire's geology, see Carozzi (1983).
25 On Voltaire's attempt to have his views on fossils confirmed by

the Swiss naturalist Ehe Bertrand, see Sigrist (forthcoming 2)
26 On the teaching of chemistry in mid-18,h century France, see

Bensaude-Vincent & Lehman (2007)
27 On the circumstances of this undertaking, and on Rousseau's

chaotic initiation to science, see Van Staen (2010)
28 In a letter to his brother written on October 31st 1746, Frederic

II of Prussia compared scientists such as Euler to the very
useful but stern Doric style foundations of a palace, whereas
the "philosophes" would represent the noble and decorative

upper part of the same building (see Correspondance de
Frederic II avec son frere Auguste-Guillaume, Leipzig, s d

p. 95)

cipes de Newton et de Stahl (1723), Johann Junck-
er's Conspectus Chemiae theoretico-practicae de
(1730), and Hermann Boerhaave's Elementa Chemiae

(1732), completed by a few academic memoirs.
A three volumes manuscript of 1206 pages divided
into four sections was written down by 1747, when
the project was suddenly abandoned27. At this time,
Dupin might have realized that a successful career in
the field of chemistry would be much harder than he
expected. It required not only means and ambition,
but also talent and perseverance, as well as the help
of some well-disposed and well-connected patrons.
Rousseau himself would soon explore another way
towards literary fame, a goal he started to achieve in
1750 with the Academy of Dijon prize for his controversial

Discours sur les sciences et les arts.
Curiously enough, it was by criticizing most of the scientific

and literary enterprise on moral grounds that he
made it into the world of letters.
With the exception of d'Alembert and Condorcet,
who were true mathematicians turned "philosophes",

and to a certain point d'Holbach, who specialized

in translations of German chemists and naturalists,

"philosophes" and men of science were already
following diverging paths. The former still enjoyed
more consideration from the public and from enlightened

monarchs28. It is true that the literary approach
of scientific matters practiced by the "philosophes"
made them much more accessible to a lay audience
than the technical language of scientific discourses.
The case of Denis Diderot may illustrate this point.
Like his friend Rousseau, Diderot attended Rouelle's
demonstrations at the "Jardin du Roi". But contrary
to his Genevan colleague, he would persist in his
"philosophical" interest for chemistry, which was
very different from an empirical practice of chemistry.

Diderot was not much interested in the technical
developments of chemistry, leaving the task of writing

the articles of the Encyclopedie related to chemistry

to Gabriel Frangois Venel, a recognized chemist
and true disciple of Rouelle. As a man of letters and
"philosophe", Diderot enjoyed speculations about the
possible causes of chemical affinities and about then-
role in the physiology of life. He also reflected on the
origins of elements, or the role of fermentation in the
genesis of life. Those were reflections of a free mind
who did not hesitate to speculate about the possible
significance of concepts associated with chemistry2''.
Yet his conclusions were not considered significant
contributions to the positive science of materials.
Diderot's position is emblematic of the ambiguities of
Enlightenment science. His theoretical views could
potentially be discussed in the literary salons and
throughout the Republic of letters. But despite his
publication, with Venel, of a few articles on chemistry
in the Encyclopedie, he was hardly better integrated

to the emerging networks of academic chemistry
than Rousseau or Dupin. On the eve of the "Chemi-
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Table 2 Formal structure of the "Republic of chemists" with an estimation of the number ofscholars active between 1680

and 1890 i e born between the years 1640 (and still alive after 1700) and 1850

First rank / Second-string Minor scholars/
major scholars scholars amateurs

(A) (B) (C)

specialized CI -Louis Berthollet Nicolas Deyeux Sbb Matte, J-F Boulduc

(1) Humphry Davy William Allen Rob Mushet.Wil Ch Henry

351 1014 c 2050

unspecialized Ampere Gillet de Laumont Mrs Lavoisier

(2) James Hall Arthur Aikie Frangois Delaroche

c 420 c 1200 c 2500'
occasional Monge Diderot J -J Rousseau Mrs de Warens

(3) c 1600? c 4500? (c 9200 7)

cal Revolution", participation to the nascent "Republic

of chemists" already required a regular practice
of experimentation and the submission of empirical
results to a scientific body, usually an academy. Making

a career in the field further required consistent
investigations, regular exchanges of information and
publications. Affiliation to scientific academies,
preferably one of the most prestigious of the time (Paris,
London, Berlin, St. Petersburg, Stockholm, Bologna)
would be the ultimate hallmark of a successful career.
This road was still open to a few lawyers, landowners,
officers or priests who were able to devote a substantial

part of their life to research. For the others,
securing a financially independent position in research,
teaching or technical expertise required the help of
efficient patrons and colleagues. Academicians of
science were socially recognized figures, even by Jean-
Jacques Rousseau, who did not hesitate to condemn
most of scientific enterprises on moral grounds'50. But
even Lavoisier and Guyton de Morveau had started
their careers as magistrates, which means that the
difference between an amateur and a recognized man
of science was often difficult to establish.

* Being a chemist in the 18th and early 19th

century: attempt at a formal definition

Two apparently opposed conclusions have been
reached at this stage. One saying that the distinction
between "philosophes" and true scientists became

29 On Diderot's philosophical and literary connections to
chemistry, see Pepin (2012) and Kawamura (2013)

30 Rousseau admitted that academicians could indeed be useful

to mankind, as long as they did not behave like half-baked
scholars, prompt to mischievous behavior in order to make
a mediocre career in science, letters and arts He believed
that the role of educators of the human race should be left
to minds of the caliber of Bacon, Descartes and Newton
(Discours sur les sciences et les arts, § 59) This left no room for
amateurs "ä la Voltaire"

31 Gilhpsie (dir) (1970-1980)
32 Gascoigne (1984).

noticeable by the mid-18th century. The other that
no clear-cut divide existed between, say a Diderot
and a Venel, but a subtle gradation between different
conceptions, or perhaps levels, of scientific practice.
Major scholars, who trusted professional positions of
researchers and academic affiliations, are often
difficult to separate from second-fiddle scientists, who
had a smaller output in publications and discoveries,
and a more limited number of academic affiliations.
A similar kind of continuum existed between scholars

specialized in chemistry and those who practiced
chemistry among other disciplines. Like botany, geology

or meteorology, chemistry was still practiced by
"men of letters" and amateurs, as it was on an
occasional basis by scholars specialized in other fields of
knowledge. Outlining the frontiers and subdivisions
of an imaginary "Republic of chemists" is therefore a

difficult task. Yet, the use of formal criteria may help
to identify the most involved individuals, and further
to set up some statistics.
A representative sample should at least include the
two groups of formally identifiable chemists. The first
group, that we may call Al, would include the specialized

chemists of major importance, that is the chemists

affiliated to at least two of the six major scientific
academies of the 18th century, or who have their
notice in the Dictionary ofScientific Biography31. 351
chemists active between 1700 and 1870 can be identified

in this way (Table 2). A second group, that we
may call Bl, would include the specialized chemists
considered of medium importance, which means
affiliated to one of the six major academies of the 18th

century, or included in Robert M. Gascoigne's
Historical Catalogue of Scientists (1984)32. A further
group of 1014 scholars active between 1700 and 1870
have at least one of these two characteristics.
By combining three degrees of importance, or scientific

reputation (major scholars / minor scholars /
amateurs), with three degrees of implication in chemistry

(specialists / non-specialized scholars / occasional
contributors), one can formally define a total of nine
categories. The members of categories Al and Bl are
the only ones who can be systematically identified.
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But with some patience and a good database'", a
significant proportion of unspecialized chemists (A2,
B2) can also be listed. Many collaborated with
specialized chemists and sometimes trained them.
Further categories of chemists (CI, C2) can be identified,

on a local basis, by applying a further set of
formal criteria such as scientific publications, affiliation
to a chemical society, presence in a scientific index
(such as Poggendorff's Handworterbuchz34), teaching
of chemistry, research performed in an institutional
context, significant collaboration with a major chemist

or possession of an important laboratory.

The analysis of the global network connecting these
chemists, or at least those of the categories Al and

Bl, requires to consider five possible kinds of links,
that is:
I 1° The epistolary links, or the significant

exchanges of information by letters. They
have been treated above as a part of the
"Republic of Letters". Such links have to be
considered as "weak links" of information
in the meaning of Granovetter35, unless the
exchange is more substantial than say 50
letters on either side (degree 3). Further
investigations would require the availability
of more inventories of correspondence, an
item which is extremely rare in the field of
chemistry.

I 2° The training links relating masters and
students or assistants for various periods of
time. They will make a substantial part of the
ongoing analysis.

I 3° The patronage links, defined as successful
recommendations of young chemists by
patrons in order to secure them positions or
at least significant research grants. As these

patronage links are usually an extension of
training links, they will be treated together in
this article. In a significant number of cases,
family connections are hidden behind these
training and patronage links.

I 4° The collaboration links established by joint
publications, "discoveries" or experiments
performed in common. With the training and
patronage links, they will make the other
component of the present analysis.

I 5° The recorded intellectual influences, either
materialized by the edition or the translation
of a colleague's work or presented as crucial
in biographic notices. Intellectual influences
have a universal character within a given
disciplinary field, contrary to training and
collaboration links, which basically have a local
and national character. They are therefore
crucial to ensure the global coherence of a
disciplinary field such as chemistry. Yet, they
will not be detailed in this study.

On a broader scale, cross-cultural influences and
translations ensure the circulation of empirical
results and theories between the different portions of
the international science system. This coordination
was maintained throughout the 18th and 19th century

despite the multiplication of national communities
of chemists and the use of an increasing number of
vernacular languages36. A closer investigation of this
apparent paradox would probably validate the
statement, which can be derived from Milgram's theory of
the small worlds37, that a small number of crucial
connections between a limited set of major participants
is enough to ensure the connection of the global
system as a whole.
For the sake of the analysis, the complete set of
actors of the period 1700 to 1870, whose career apex
covered the period from 1680 to 1890, will be
chronologically divided into four cohorts. The fourth cohort,
grouping chemists whose careers reached an apex in
the period 1860 to 1890, will not be fully included
in the network study, since it would have required
to register all their significant connections with the
chemists of the period 1890 and 191438. Fortunately,
the year of the Karlsruhe international congress on
chemical nomenclature (1860), represents a convenient

- albeit arbitrary - dividing line between early
modern and modern chemistry.

33 My database includes more than 11 000 scholars active
between 1700 and 1870

34 Poggendorf (1863)
35 Granovettter (1973 / 1982) According to this theory, weak

links can prove crucial for the introduction into a given field of
research of information, concepts or theories from another field

36 At least French, English, German, Italian, Swedish, Dutch,
Russian, Hungarian, Czech, Polish, Spanish, Danish, and

Portuguese
37 Milgram (1967)
38 For symmetrical reasons, studying the links of the first cohort

implied considering their connections with the 17th century
scholars But their limited number made the task possible

$ First period: the emergence of a set of
specialized chemists (1680-1765)

The first of our periods stretches between the
emergence of the first scientific academies in the late 17th

century and the end of the Seven Years' War (1763),
when enlightened States started to take an interest
into the improvement of agriculture, manufactures,
health and the management of their natural and
social resources. Until then, they had focused on
sciences and techniques more immediately connected
to their military and naval needs: they showed more
interest for astronomy, cartography or mathematics
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