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CHEMISTRY BEYOND THE ACADEMY: DIVERSITY IN SCOTLAND IN THE
EARLY 19™ CENTURY

Robert Anderson

Clare Hall, Cambridge University. Herschel RoadmBedge, CB3 9AL, United Kingdom.
Tel: +44 1223 328049

E-mail: rgwa2@cam.ac.uk

Outside the formal courses offered by the univiesitwhich existed largely to fulfill the
needs of medical students, chemistry teachingfprated in a multiplicity of forms in late
18" and early 19 century Scotland. Some courses were offered etar @ims in mind, but
many of those studying chemistry were caught ugpwave of enthusiasm, simply wanting to
discover more about what the subject embraced.eTivere plenty of proficient teachers
available who were willing to help fulfill the demé the names James Anderson (1739-
1808), Thomas Thomson (1773-1862), Andrew Ure (11id87), Andrew Fyfe (1792-1861),
Edward Turner (1798-1837), William Gregory (180%&8 David Boswell Reid (1806-
1863) and George Wilson (1818-1859) spring to mBenefiting from the success of the
courses, publishers were encouraged to provide ichérexts, while instrument makers
marketed cheap chemistry equipment, allowing pcattork to be undertaken at home. The
paper will consider the development of extra-mueaching, the origins of the mechanics
movement, and chemistry as a social attainment.

Of those who signed on for the lectures of therielgey Joseph Black (1728-1799), few were
studying to fulfill professional requirements. Hisccessor Thomas Charles Hope (1766-
1844) had the reputation of discouraging experiat@m, driving students into the arms of
teachers who were providing courses extramurabbyh&ps surprisingly, these courses could
count towards the university requirements of thiméending to become doctors. Providing
for those at a lower end of the social scale, maickanstitutes had their roots in Glasgow,
though the first independent institution, the Edirgh School of Arts, was established at in
1821. Here, a systematic course of chemistry waneidiately offered, filling the lecture
room. For those seeking chemical knowledge for amest's sake, Black and Hope could
provide a service acclaimed by many; James Bosmagl certainly in the minority when he
wrote “We were mainly lawyers ... | did not feel muzlriosity for the science.”



ANNALES DE CHIMIE VS OBSERVATIONS SUR LA PHYSIQUE/J OURNAL DE
PHYSIQUE (1789-1803): THE ROLE OF SCIENTIFIC COMMUN ICATION IN THE
LATE 18TH CENTURY DURING A MAJOR CHANGE IN THE APPR OACH TO
EMPIRICAL RESEARCH

Angela Bandinelli

Independent Scholar. Piazza Umberto |, 41 Gragsagmo a Ripoli, 50012 (Firenze) ltaly.
Tel. +390556461064

E-mail: angelabandinelli@virgilio.it

The founding of several scientific journals durthg second half of the £&entury spawned
interesting controversies on chemical issues. I @bservations sur la physiguen
particular, it is possible to scrutinize in det#ile evolution of important discussions
concerning specific questions: “Inflammation or Gastion?”, “Pure Air or Oxygen Gas?”,
“Fire or Caloric?” In theAnnales de Chimjanstead, the discussions were inspired by other
questions such as “Simple or Compound substancEs@”evolution of all these debates
helps us understand how the panorama within thenstic community gradually changed:
thanks to the reconstruction of the ongoing disphétveen two journals, it is possible to
describe how a growing number of chemists, phytsicend naturalists, following the
progress in experimental chemistry, decided to att@p principles of Lavoisierian analysis.
Furthermore, the migration of new data on the dtuigin of bodies, both organic and
inorganic, had significant effects on the more gehe&omain of life sciences. At the
beginning of the nineteenth-century, Jean BaptilteLamarck, one of the most active
naturalists in the Parisian scientific communityled out his own original ideas concerning
the applicability of “chemistry” to the study o¥ing beings and accepted the new chemical
image of “organized bodies” as natural systemgedigtable operations.



THE BEGINNINGS OF CHEMICAL INFORMATION

F. Bartow Culp, Ph.D.

Associate Professor & Chemistry Librarian. Melloibdary of Chemistry, Purdue University
Libraries, 504 W. State Street, West Lafayettejand 47907-2058, USA. Tel. 765-494-
2865, Fax 765-494-1579.

E-mail: bculp@purdue.edu

Whence arises a new chemical discipline? How dassnafield of study first organize itself
and then continue to grow? In the case of “chemiitatature”, as the field of chemical
information was originally called, we can establishbirth as occurring in the first quarter of
the 20" century. The players involved during the periodtsfinception included a German
Nobel laureate in chemistry, a Belgian documerttatind an lllinois librarian. The

converging forces that engendered it were thoseeogssity, opportunity, and a futuristic
view of the structure and importance of informatiself. This paper will focus on the nature
and origin of these forces, and will look at theeegence of this new field of chemical
thought.



DID LUCRETIUS' ATOMISM PLAY ANY ROLE ON THE EARLY M ODERN
CHEMISTRY?

Marco Beretta

Universita di Bologna and Institute and Museum @dftéty of Science, Piazza dei Giudici 1,
50122 Florence, ltaly.

E-mail: mberetta@imss.fi.it

Recent historiography has pointed out the influemcesarly modern chemistry of different
classical theories of matter. Among these the repdind interpretation of Lucretius are of
particular interest. While thBe rerum naturehas been regarded by religious authorities as a
dangerous heterodox work, between 1500 and 180fistee throughout Europe became
progressively interested in adopting Lucretius’ ldgaive atomism. | shall argue that such
atomism played an important role not only in builylan alternative philosophy of matter to
that of Aristotle, but also in developing more cate and operative options, such as the
definition of chemical reaction.



PROFESSOR GEORGES SMETS: THE DEVELOPMENT OF MACRMOL ECULAR
CHEMISTRY IN BELGIUM AND HIS CONTRIBUTIONS TO IT IN THE
INTERNATIONAL POLYMER CHEMISTRY COMMUNITY

Marcel Van Beylen

Professor Emeritus of Chemistry, Laboratory of Maeolecular and Physical Organic
Chemistry, Katholieke Universiteit Leuven, Celeilaan 200F, 3001 Heverlee (Leuven),
Belgium. Tel: + 32 (0)16 327418, Fax: +32 (0)16 827
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Polymer Chemistry in general and particularly irlgd&m is inextricably connected with the

person of Georges Smets (1915-1991). Indeed PmfeSsnets has made essential
contributions to nearly all fields of macromoleautdemistry. Thus, he was one of the first
chemists who showed successfully the possibilieblock- and graft copolymerization by

radical chain transfer reaction between a growihgirt and a pre-existing polymer. By

attaching laterally peroxide-groups to polymershgr putting them at their end, several
original methods of graft — and block-copolymeriaat by radical mechanisms were

established years before anionic polymerizationld/become the customary way to produce
them.

Professor Smets’ solid background in organic cheyiked him to extensive studies of
organic reactions on high high polymers and intdacdar functional interactions. In the
course of the studies of these reactions he wasobrke first to draw attention on the
influence of the intramolecular structure and sispecificity of the polymers. This thorough
knowledge of organic chemistry was also at the ha$iProfessor Smets’ interest in the
synthesis of new polymers by such at that time meceethods of organic chemistry as
cyclodimerization, dipolar cycloadditions, carbexmsl azide reactions.

Another topic for which he was well known was thgnthesis and properties of
photochromic polymers or copolymers, yielding ifgign the internal structure and physical
properties of polymers such as e.g. chain segmebtlity. He was also involved in several
photochemical and thermal reactions e.g. isoméoizatissociation and recombination in
solid polymer matrices, stressing the importancehef physical properties of the polymer
medium on the course of these reactions.

Professor Smets also treated problems such as ianmolymerization, synthesis of
polyampholites, etc. The originality and significanof his work was internationally
recognized. Apart from an impressive list of awartsl honorary degrees he has been
President of IUPAC and many of his former studevese distinguished by their own work,
several of whom hold or held professorial positionBelgian as well as foreign universities.



HOW SHALL WE TEACH CHEMISTRY — FIRST APPROACHES TO DIDACTICS
OF CHEMISTRY IN THE 19TH CENTURY

Gisela Boeck

Institute of Chemistry, University of Rostock, D& Rostock. Tel. +49-381-498-6354, Fax
+49-381-498-6352

E-Mail: gisela.boeck@uni-rostock.de

On the way of evolving identity for chemical scierseveral problems had to be solved. The
questions — “Which is the best way to teach chegniahd to organize the instruction of
chemistry?” — had to be solved. One must answeqtiestions: “What knowledge was to be
taught to whom and which concepts of methodologykhbe used?”

Chemistry was taught in courses of medicine, phaynaand metallurgy etc. already before
the 19" century. Some first ideas of natural science didaare described in the books of
Johann Amos Comenius (1592-1671). We can find ailddtdiscussion of methodology in
teaching natural sciences in the thesis “Res rlasitaby Julius Adolph Stéckhardt (1809-
1886), who was influenced by pietistic thoughts. dégnonstrated the connection between
chemistry and other natural sciences which museflected in teaching. His book “Schule
der Chemie” is an excellent example of a textbaghich considers fundamental teaching
methods concerning experiments, which help acaihiegnical knowledge. While the diction
and the choice of experiments don’t agree with modkay requirements, many guidelines
and techniques within the book do resemble modbeemcstry textbooks. It is remarkable
that the book emphasized the networking betweemigtey and natural sciences and the
aspect oftilitas.

Since chemistry lessons in the German countrigheofmid 19" century were established in
the so-calledRealschulenand not in the high schools (Gymnasium), there wagh
discussion about the method of teaching chemistrgchool as well as in universities. The
work of the chemist and teacher Rudolf Arendt (:8282) should be stressed at this point
as another example of the instruction of chemistigchool.

For several reasons questions about the orgamzatid about the manner of school teaching
were discussed in the universities too. This wdldemonstrated with writings of Wilhelm
Ostwald (1853-1932). He underlined the importantelidactics by establishing the first
professorship in the didactics of chemistry. Julwsgner (1857-1924), one of his co-
workers, held this professorshignd in his papers we can again find analogi¢bdactual
discussions in didactics.

1 Julius StéckhardtRes naturales qua de causa perscrutandae, qua ettlocendae et tractandae, quomodo
naturae convenienter disponendéPresden: Teubner, 1837)

2 Gisela Boeck, “Julius Wagner - Deutschlands eRtefessor fiir Didaktik der ChemieChemkor3 (2006), pp.
184-188.



PRE-REVOLUTIONARY CHEMISTRY AND LAVOISIER’'S WORK RE CEPTION
IN GREEK SPEAKING REGIONS

Efthymios P. Bokaris and Vangelis Koutalis
Department of Chemistry, University of loanninaanaina 45110, Greece
E-mail: ebokaris@cc.uoi.gr

In this paper we studied the reception of new gsifiedeas, especially in chemical issues, in
the Greek speaking regions of the Ottoman Empirenguhe 17 and 18 centuries. It is of
great historiographic interest to see how the nelensific ideas interact with local tradition
shaping a new scientific discourse. In these regtbere were no universities or academies
but Greek schools of higher education in witch ®regholars have taught, the great majority
of them had been educated in Europe. The Greekashormed didactic traditions shaping
fields of knowledge in the context of experimenpailosophy. The investigation of these
traditions is based on their textbooks.

Before the Chemical Revolution two didactic tramtits appeared (Bokaris and Koutalis
2007). The first, named “the system of chymistddse to the Boylean-Cartesian tradition,
accepted, contrary to Aristotelianism, the five yfical” principles and also the analytical
ideal, but the *“chymical” principles were not undar conceptual and experimental
investigation, as they were in Europe. The secolode to the Boylean- Newtonian tradition,
was the integrated presentation of the Newtoniaredich”, which maintained a discursive
attitude with reference to the “chemical affinitiedn this tradition also coexisted, in a
discursive synthesis, the “chemical element” of diaier. In contrast after the establishment
of Chemical Revolution in Europe in the beginningtee 19" century a third didactic
tradition appeared which translated the textbodkEaurcroy “Chemical Philosophy” and
Adet’'s “Lecons Elémentaires de Chimie, a l'usages dg/cées”. Chemistry, now, is
mentioned as a new, unknown up to then, sciencgdat the top of the development of
sciences. The remarkable point is also that LaedssiTraite had never been translated in
Greek.

Although the Chemical Revolution is a complex andltdimensional episode which
characterizes complexity and temporality (McEvoyO@) our research conclusions are
formulated as follows: chemistry is connected wiite ancient Greek philosophy of elements
and the most surprising point between these traditis that they have never been neither in
rupture with the Aristotelian tradition nor betwedrem. The second and third traditions
were also under the influence of the Newtonian @og This, from a first view amongst
other factors, must be attributed to the influeméethe Aristotelian metaphysics which
facilitated the connection with orthodox traditiand the social and political aims of the
newly appeared upgrading social classes and ald®temergence of the enlightened current
of empiricism (Kondylis 2000).

References

Bokaris, E. and Koutalis, V., The "System of Chymistand the “Newtonian dream” in Greek-speaking
communities in the 1%18" centuriesScience and Educatip2007,in press

Kondylis, P.,The Greek Enlightenmernthemelio, Third Edition, Athens, 2000

Mc Evoy, J., In search of the chemical revolutibrierpretive strategies in the history of chemiskgundations
of Chemistry2000, 2, 47-73



BORDERLINES OR INTERFACES IN THE LIFE AND WORK OF R OBERT
BOYLE (1627-1691): THE AUTHORSHIP OF PROTESTANT AND PAPIST
REVISITED

D. Thorburn Burns

The Science Library, The Queen’s University of Betf Belfast, BT9 5EQ, UK. Tel. +44
2890668567

E-mail: profburns@chemistry.fsbusiness.co.uk

At least four borderlines or interfaces can beinligtished in the life and work of Robert
Boyle, namely those of:

(@) The abrupt changes that occurred during his lifetibetween a Monarchial
government to that of a Commonwealth followed bgttbf the Restoration to a
Monarchial form of government in England and Irefan

(b) The relatively slow transition from alchemy intoechistry that took place in the
seventeenth centufty

(c) The division of his time between studies and puaians in science and those on
religious, moralistic and ethical topics

(d) His position with regard to the division, withinetfChristian traditions, as between
Protestant and Roman Catholic theology and pretice

Since the first three divisions or interfaces asdl\documented they will be dealt with quite
briefly. The main focus will be given to Boyle’s gitton within the Christian tradition, as
between Protestant and Roman Catholic theologyhbsdrvances. The correct assignment of
the authorship of the anonymous tract, known blitsrt title,Protestant and Papi§twhich
has been the subject of displte critical to the formation of a fair and baladcview of a
key and major aspect of Boyle’s work and also efriiigious outlook on lifeProtestant and
Papisthas been assigned in many catalogues as being dgyle®. Bibliographic evidence,
including the existence of a copy with early antiotes that this tract was not written by
Robert Boyle but by David Abercromby will be outth This conclusion is supported by
material to demonstrate that Boyle did not haveuHictently narrow minded sectarian
outlook to be able to have written a tract sRcbtestant and Papist

1 R. E. W. MaddisonThe life of the Honourable Robert Baylaylor & Francis, London (1969)

2. M. Principe, The Aspiring Adept: Robert Boyle and his Alchem@aést Princeton (1998).

% J. F. FultonA Bibliography of the Honourable Robert Bqy#®' Edition, Clarendon Press, Oxford (1961).

4 Reasons why a Protestant should not turn Papist: F@otestant Prejudices against the Roman Catholic
Religion...., by a Person of Qualitil. Clark for J. Taylor, London (1687). This is amonly known by its short
title Protestant and Papist

® E. B. Davis, “The Anonymous Works of Robert Boyle #nel Reasons why a Protestant should not turn Papist
J. Hist. Ideas 55 611-629, (1994); R. D. Tumbleso@atholicism in the English Protestant Imagination.
Nationalism, Religion and Literatur€ambridge University Press (1998).

® See for example the British Library Catalogue areldatalogue of the digital facsimile books, “Ealyglish
Books Online”.



AN ENVIRONMENTALLY FRIENDLY PORTUGUESE MANUFACTURIN G
COMPANY

Maria Elvira Callapez
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The 1960s witnessed the growth of concerns, to lwpieviously not much attention had
been paid, about environmental issues in genera, specifically, about the chemical
substances that were invading the environment dlugtrialized nations. In 1962, Rachel
Carson published her controversial best-sellingkb®ibent Springwhich brought into the
public the environmental problems arising from tise of DDT. The American government
as well as the public became aware of the urgesd t®protect ecosystems.

In this talk | intend to focus on and analyse thehhologies and policies aimed at the
reduction of environmental impact, implemented Ime @f the most important high-tech
companies of the Portuguese chemical sector. Thgpaoy, CIRES (Industrial Company of
Synthetic Resins), devoted to the manufacture adtjls, was established in the early 1960s
in Estarreja (Aveiro, Central Portugal). This comypavas a joint-ventureset up by the
Portuguese Bank, and Portuguese and Japaneseatapsr It began by producing polyvinyl
chloride (PVC) through polymerization by suspensiffVC-S). At present, besides
manufacturing PVC-S, it has also produced PVC efdimulsion type (PVC-E) since 1982.

In the 1960s environmental concerns were negligmlortugal. But, the issue at hand is
why CIRES notably set itself apart from current ghiges, conscious to associate the
productive process and economic profit with theangnce of environmental preservation,
always keeping in mind a vision of progress ancetigpment for the future.

This talk is part of my ongoing research on thed&# of technology and chemicals on the
environment and how the technological choices maid¢hat time were responsible for
pollution problems in that area.
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FROM PHYSICAL CHEMISTRY TO MOLECULAR BIOLOGY: THE C ATALAN
CONTRIBUTIONS TO NUCLEOHISTONE STUDIES: 1965-1977

Xavier Calvo-Monreal

Centre d’Estudis d’Historia de les Ciéncies-UniitatsAutonoma de Barcelona (CEHIC-
UAB), C/La Solana, 20, 08470 Vallgorguina BarceloGatalonia, Spain. Tel.: 34610475411
E-mail: arjuna03@terra.es

During the 1960s, the Spanish Biochemistry and ®lder Biology received a decisive
impulse for their development. A first generatidrbmchemists, trained abroad, had returned
to Spain and set up their own research groups wynaiith the support from the Spanish
Science Council (CSIC). A new generation, theirnggraduates, completed their training
following the same strategy: postdoctoral stagessearch centres in foreign countries.

A patrticular case, due to their training as chesniatas the group which became to be known
as the Catalan Structuralist School, led by JaualauPand Joan Antoni Subirana. Their
postdoctoral stages abroad represented a chantpeimscientific interests, from physical
chemistry to structural molecular biology, partemly the study of the nucleohistone. Both
Palau and Subirana published their first papergnduheir postdoctoral training within the
research groups in which they were working, Sulairaith Paul Doty at Harvard, and Palau
with John Butler in London. Their international imization allowed them to start a
research group on nucleohistone structure studig, the funding of the extramural
program of the NIH. Taking into account the impaodea of the introduction of new
techniques and, especially, the role played by itfs¢ruments of molecular biology as
discipline organizers and knowledge transmittergs important to stress the importance of
the continuous relationship between Scientifics totinicians.

The aim of this communication is to show how is hasn possible to reconstruct and study
their early years, and their change from organenaltry to molecular biology, taking into
account the disciplinary identity of chemistry atite changing relationships with other
fields, such as Molecular Biology, studying maitiygir correspondence and analyzing their
scientific papers, and using interviews with theirmeharacters, in the framework of the
historiography of Biochemistry and Molecular Biojogn Spain and in the international
context, stressing the dynamics established betwleercentre and the periphery as well,
through their international connections.
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CHANGING IDENTITY AND PUBLIC IMAGE. A SOCIOSEMIOTIC  ANALYSIS
OF FAMOUS CHEMICAL LABORATORY PICTURES

Luigi Cerruti, Gianmarco leluzzi, Francesca Turco

Dipartimento di Chimica Generale ed Organica Aihg v. Giuria 7, 10125 Torino, Italy
Tel. +390116707952, Fax +390116707591.

E-mail: luigi.cerruti@unito.it

The laboratory is the place in which chemistry bag#d up and continuously rebuilds its
identity as a specific experimental discipline. @® whole, the experimental practices
greatly changed in time, however some visible aspef the chemical laboratory have
proved to be permanent and easily recognizablenpgrtitese aspects, the most relevant ones
are those connected with the simple operations asid or to distil. The use of laboratory
images as a socially recognizable representatica sifecific research activity preceded the
birth of chemistry as an autonomous discipline, aveht with the development of the
discipline until the last decades of the XIX Cegtutn our paper we analyse the
sociosemiotic meaning of famous laboratory pictusgsJan van der Straet (1523-1605),
Louis-Jacques Goussier (1722-1799) and Wilhelm Scdnold (1815-1876). The images
where published in very different editorial contextand the same languages of the
accompanying texts are revealing the shifting efitfiernational language of science: Latin,
French? and German.

The sociosemiotic analysis of scientific iconogmgpis a powerful means of historical
research, which may be added to the lingurstiepistemologicdl and operational
instruments in the historians’ tool-bag. Anyondha# considered images reflects the complex
relationships between the contextual culture, thists style, the publishing (production)
context and layout. Some results of the analysisfico our anticipation of continuity
aspects, in particular the permanence of certaématal activities and of social hierarchies
among the characters. Other results are somewhe#tpaoted, as the strong sense of
technological innovation in 1638, the avowed preseaf aChimisteand aPhysicienin
1763, the absence of the master among the crowslpfs in 1842. Overall, the images
describe the changing social position of the chamiaboratory: from the economic
dependence upon a princely court to the privateawmbr of an enlightened bourgeois, and
finally to an academic state-owned institution, ope students from all over the world.

! Nova reperta. In Speculum diuersarum imaginum spéicarum a varijs viris doctis adinuentarum, atq
insignibus pictoribus ac sculptoribus delineatargfmtwerp: Galle, 1638). We consider also Straeifpainting
placed in the Studiolo of Francesco | de’ Medi&{3).

2 Recueil de planches sur les sciences, les artsalibéet les arts méchaniques, avec leur explicat®econde
livraison. Seconde parti@Paris: Briasson, David, Le Breton, Durand, 1763)

% J. Hofmannpas chemische Laboratorium der Ludwigs-UniversitéGiesser{Heidelberg: Winter, 1842).

4 G. Kress, T. van LeeuweReading Images: The Grammar of Visual Degigsndon: Routledge, 1996).

® L. Cerruti, “Werner's Beitrag: A Linguistic and Egimological Analysis”, in: G.B. KauffmarCoordination
Chemistry. A Century of Progre8&/ashington: ACS, 1994), pp. 43-56.

® L. Cerruti, “Chemicals as Instruments. A Languagen&aHyle, 4 (1998), pp. 39-61.

7 L. Cerruti, “The inherent complexity of chemistryh: R. Benigniet al, Complexity in the living: a problem-
oriented approactiRoma: ISS, 2005), pp. 1-18.
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MEMORY AND HISTORY: THE MEXICAN COMMUNITY OF CHEMIS TS TELLS
ITS STORY

José A. ChamiZo Andoni Garritz and Mina Kleiche Drdy

! Facultad de Quimica, Universidad Nacional AutonaieaMéxico. México. Tel.: (52-55)
56223711.
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Z Institut de la Recherche pour le Développemenhdgp France, Research Visitor at the
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E-mail: Mina.Kleiche@ird.fr

A seminar named “Memory and History: The Mexicanm@aunity of Chemists Tells its
Story” has been organised and initiated by the ®wxiChemical Society, the National
University of Mexico and the French Institut deRacherche pour le Développement. The
main challenge of the seminar is to give the flémrthe protagonists and witnesses of
relevant facts in the building of chemistry histonyMexico during the XX century. The
history of science in Mexico has been widely stddie relation to centuries XVI to XIX
(Trabulse, 1983), but only a few reference bookshzeen written for the twentieth century
(Garritz, 1991). That is why the authors of thisrkvéhink that this history deserves to be
documented and known by the general public. Weadtynd the way of Mexican chemistry
practice inside the construction of internationaiesce and also to characterise its
singularities.

A full set of periods and topics was proposed te thembers of the Mexican Chemical
Society:

The National School of Chemical Sciences (191635)9

The petroleum expropriation (1936 — 1940)

Syntex and the Institute of Chemistry at UNAM (1941975)

Chemists as academics. The formation of groupsisitlresearch (1941 — 1980)
Chemical Engineering and chemical industry in Méxit941 — 1970)

The strengthening and diversification of chemigtrilexico in the seventies

oohkwhE

The starting session was about ‘Petroleos Mexicatius public-sector establishment
founded in 1940, just after the petroleum expramm and the most important industry in
Mexico. The subject of the second session wasuémite of Banco Nacional de Mexico in
the chemical industry: The case of Univex, the canypproducer of caprolactame’.

Besides collecting the written presentations franheparticipant in order to build up oral
archives and publish them, the sessions are alsg Hémed to share these priceless
testimonies with distant and future audiences.

References
Garritz, Andoni (comp.)Quimica en México. Ayer, hoy y mafaigéxico: Universidad Nacional Auténoma de

México, 1991.
Trabulse, Eliasistoria de la ciencia en Méxi¢cdéxico: Conacyt/Fondo de Cultura Econdmica, 1983.
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GETTING TO THE HEART OF THE MATTER: THE CHANGING CO NCEPT OF
THE WESTERN CHEMICAL ELEMENT IN LATE QING DYNASTY C HINA

Hao Chang

Address: No. 5, Lane 72, Wen-Dian St. Fengshan, B&6hsiung County, Taiwan. Tel.:
++886-928-766371, fax: ++886-7-6577056

E-mail: changhao@isu.edu.tw

Just as the element was defined as an ‘essenbisiasice’ in ancient Greece - and thus was
regarded as the key to the ‘secret’ of mattershim winiverse - so the discovery of the
chemical element in the West, and the alternatfatsalefinition, illustrates the progress of
chemical science in Western culture.

For China, however, it was not until the periodnfr@842 to 1895 that the Chinese began to
take a serious look at the study of modern Westhamistry. Many textbooks on chemistry
were translated during this period, especially raftee publication of the first chemical
textbookHuaxue Rumefintroduction to Chemistry) in 1868.

Moreover, the changing definitions of the elemesm also be seen reflected in the various
Chinese translations. When the concept of Aristotidements’ was introduced into China at
the end of sixteenth century, it was first trarefiaasyuanxing(primary phase) — due to the
influence of the ‘five phase’ theory. In the lattealf of the nineteenth century, however,
there were two similar translations for elementamely yuanzhi(primary substance) and
yuanzhi(original substancekhi or substance, the second character in the Chirsgae, mot
only shows its modern definition, but also indisatee Chinese acceptance of the Western
concept. The elements — that is, oxygen, hydrogemérogen - belong to the ‘airs’ and thus
were not seen, had no weight, and were definedi §essence or energy); in contrast to
matter in the Chinese natural philosophy.

Since the discovery and handling of chemical eldmegpresented the success of chemical
science, the Chinese reaction to the study of atedrelements was complex. In ‘the essay of
elements’, the Chinese compared the differencesdamdlopment of alchemy in China and
in the West, and tried to explain why Chinese aitheould not transform into modern
chemistry as in the West. Moreover, they considéhed the beginnings of modern Western
chemistry were only recent, since 29 elements ofw@te discovered before 1800. In
addition, the Chinese believed that many of elemémdt were discovered in the West — for
example, oxygen and hydrogen - had existed in Geirkemistry, although under different
terminologies.

The role of elements in the combination of mattaswnterpreted by the Chinese during the
time that they considered that chemistry was sinipdy combination and decomposition of
elements. Just as one handled elements, so onestowe chemistry. But they always
interpreted the chemical meaning of elements utideinfluence of such Chinese thinking as
natural philosophy, the concept @f the doctrine ofaiji, and theyin-yangtheory. Thus the
scientific effort of innumerable experiments, angproved equipments on the discovery of
elements, was to be neglected by Chinese scholars.
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ROBERT BOYLE'S EXPERIMENTS ON COLD: A STUDY OF THE ROLE OF
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Christiana Christopoulou
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In the first half of the 1% century alchemical and chemical practises constitareas of
widespread experimentation in England. Robert Bqllé27-1691), the English natural
philosopher and experimentalist, played an actigg p them. In 1649 he initiated his
experimental practice with trials of chemical, &ohcal and pharmaceutical interest in his
newly established laboratory in Stalbridge, Dors&uring this period of early
experimentation, Boyle became familiar with variatemic philosophies of his time and
developed his first ideas on atomism and the coitippf matter. In parallel he designed
experimental schemes and started experimentingeogualities of matter, such as cold, heat,
fluidity and firmness.

Two important treatises, where his early experimemntork on chemistry was presented,
were the treatis&he Sceptical Chymistl661) and the essay ‘Essay On Nitrén the first,
chemical experiments were used to refute predonith@ories on the constitution of matter.
In the second, experiments on the analysis andeggiation of nitre were used to support his
views on the atomic structure of matter. At the sdime Boyle published two treatises on
qualities of matter which he considered the moshm@hensive treatises on their subject,
The History of Fluidity and Firmne$g1662) andNew Experiments and Observations
Touching Cold or an Experimental History of ColdedBn (1665). The treatise on cold
consists of a vast number of experiments aimeteaekamination of the degrees the quality
could reach and its diffusion in air, earth, waded other mediums, the examination of the
effects of cold on liquids and solid bodies, witlirjcular experiments designed to examine
the expansion of water by freezing and its effettis,examination of phenomena relating to
ice, and the examination of the coldness and ghditause coldness of air, water, earth and
bodies that had been chemically processed.

This paper examines the relation between chemiudlphysical experiments in the treatise
of cold. We will focus on the use of chemical prsEs, substances and experimental
practises in various experiments. We will examime information they provide of chemical
interest, as is for instance the use of cold inn@bal analysis instead of heat, and on
important aspects of the quality, like its degr&éss study will also entail an examination of
the role played by chemical experiments in Boykffort to form an explanative hypothesis
of the nature of cold. The treatise on cold conttd primarily a presentation of ‘matters of
fact’ about the phenomena of cold. Neverthelesss itnade evident by Boyle that his
experimental results were also used in the formatiba hypothesis on the nature of cold
based on his corpuscular theory of matter. It éllconsidered whether this evolving theory
of matter and its properties, created a contexshasvn by case studies like the experiments
on cold, where experiments concerning the chenaigdlphysical qualities were inextricably
used for a common purpose.

1 Short Title for ‘A Physico-Chymical Essay, contaigian Experiment with some Considerations touchieg t
differing Parts and Redintegration of Salt-Petrédlmhed in the treatis€ertain Physiological Essay§l661).
2 One of the five essays publisheddartain Physiological Essay4661).
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The first CUF sulphuric acid factories in Barrestarted working in the beginning of the
twentieth century, more precisely 1909, produciotplsuric acid (chamber process) from
pyrites with a particular concentration, specific $ubsequent production of phosphate
fertilizers. Latter, the sulphuric acid produced dhyamber process will be also applied in
several other important productions of the CUF canyp namely sodium sulphate (to glass
industry) or copper sulphate (as fungicide).

The industrial “cluster”, resulting from relatiobetween those (and other) CUF productions
was designed by a French engineer A. L. Stinvélled erected in a record time. By the start
of the Great World War, a major part of the “key'bguct units, that were to become the
chemical complex of CUF in Barreiro, worked full.orhe close supervising of Stinville as

technical adviser of the CUF “cluster” lasted fdrl@ast a decade, being perceptible his
“leaving the scene” in the mid thirties of the twieth century.

His withdrawal coincided with the first technicabfuguese management in the CUF
factories in Barreiro assumed by Eduardo MadaiR{)9a chemical engineer formed at
Lausanne University. The systematic use of foraigecialty revues must have lead Madail
to Percy Parrish, already a technical referencéhhy time, mainly in the heavy inorganic
industrial area. The growing demand for more aeitl during the Il World War puts CUF
facing several technological problems, in partictbese resulting from the increase on the
production of the industrial units in Barreiro, thr@quired not only several technological
reformulation aspects but also new equipment apdrapus.

Meanwhile, the emerging of a new consumer markeafpurer and more concentrated acid
and the intent of CUF to became a nitrogenous litegti producer, starting with the
production of the ammonium sulphate (that latepeesalso determines the adoption of a
new technological process for sulphuric acid préduc— the “contact” process — on the
CUF-Barreiro), created the opportunity of a newhtecal foreign consultancy, in heavy
chemicals domain, lead by Mr. Percy Parrish, wigicted rounded 1947 with his decease.

In this work, we intended to identify and charaizerthe terms in which this technical
relation processed and, in some way, compare it thitse of Stinville’s.
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CHEMISTRY PREPARERS IN PORTUGAL IN THE NINETEENTH C ENTURY:
SOME ASPECTS OF THEIR EVOLUTION
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Chemistry, and in particular its teaching, are dristlly linked not only to teachers and
scientists, but also to labs and its preparersy Gtightly present in several historical
scenarios of the nineteenth century Portuguesetutishs, preparers were however, in
Portugal and abroad, determinant factors to a nodenelopment of chemistry teaching and
laboratories.

As a “professor assistant”, executing the minokgdasonnected to investigation and students
practical work, the preparer, however, should haveonvenient knowledge about a great
number of chemical products, processes for thedpgmation, and also developed good
manipulation skills. Pharmaceutics — namely thobe Wwad attended a chemistry subject —
fitted quite well in that profile and in fact, thexsed to take those places in the laboratory
domain.

As the century went by, especially at the end ®fsgécond half, the socio-professional lack
between professor and preparer seems to be attehuand we can observe a special
approaching between them.

With this work we intend to characterize and ddsraspects of the professional evolution of

the preparers, based on some case studies, andeth&bn to chemistry development and its
teaching in Portugal.
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JOAN BAPTISTE VAN HELMONT AND THE QUESTION OF EXPER IMENTAL
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Steffen Ducheyne
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In this paper, | take up the question to what exésrd in which sense we can conceive of
Johannes Baptista Van Helmont's (1579-1644) styleegperimenting as “modern”.
Connected to this question, | shall reflect uporatWian Helmont’'s precise contribution to
experimental practice was. | will argue - after lggimg some of Van Helmont's experiments
such as his tree-experiment, ice-experiment, aadrtbscope experiment - that Van Helmont
had a strong preference to locate experimentalgdesn places wherein variables can be
more easily controlled (and in the limit, in reletly closed physical systems such as
paradigmatically the vessel, globe or sphere (/gishus, sphera/)). After having reviewed
some alternative candidates, | shall argue that Maimont's usage of relatively isolated
physical systems and a moderate degree of quantittfic whereby mathematical procedures
mainly refer to guaranteeing that quantities aneseoved by roughly determining them, are
the characteristics that best captures his corioibsi to “modern” experimentation.
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In recent decades historians have devoted a notabtrint of research to the economic,
social and experimental relevance of the minerakmavailable for consumption in the spas
that appeared across Europe from the seventeenthetmineteenth centuries. Although

studies have shed light on the links between touaad commodification, the role of patient
authority, and the isolation of chemical substantesy have not offered a clear account of
how the material content(s) of the wells conneatitth the medical theory that legitimated

their use as a remedy.

In this essay | address this gap by focusing oarRead Well, a provincial spa located on the
north-eastern tip of Scotland. Using several ofttvens medical authorities as case studies, |
first explain the medical context that justifiecethelevance of the spa and then move on to
argue that the isolation of chemical substancedagmed in its water was an act of
commodification. | conclude by averring that thdalkes concerning the therapeutic value of
the water were based on evidence drawn from persexy@erience, thereby creating a
situation in which the underlying material assumpsi of neohumouralism were effectively
taken for granted.
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The Institute of chemistry of thee Micheletis often quoted as an example of one of the first
teaching laboratories in practical chemistry iniRaDfficially founded on 29 April 1896, it
was located at the Parisian Faculty of sciences.ditector was Charles Friedel, professor of
organic chemistry in this faculty from 1884. He ahed this creation after senator Poirrier’s
successful intervention at the parliamentary sessioMarch 1893.

At the Museum of Natural History, Fremy’s laborataf teaching practical chemistry was

suddenly closed in January 1892, because of sekegiabns (Fremy was too old, and the
Museum reorganized its departments...). No such ardabry with the same function was

located in Paris at this time. That school was mjiadraining axed on the perfect acquisition
of the abilities of practical chemistry, particllathe skills in chemical analysis, furnishing

young chemists to industry and also to researchMblissan and G. Bertrand were two

famous students of Fremy). His school was opengittple without necessity of previous

diploma, neither Parisian residency.

Ch. Friedel argued of the lack of such an instiutio ask the creation of such a school to
replace the Fremy’s one. The new laboratory woul@ @ formation during three years,
every year sanctioned with a certificate, and dodia was awarded at the end of the third
year. No diploma or Parisian residency was necgssedollow this teaching, as previously in
Fremy’s school.

But Friedel died in 1899, without seeing the fgsbmotion of his « Institute » as it was often
called. Henri Moissan succeeded to Friedel at teadhof this laboratory. In 1900, he
obtained the chair of chemistry at the Facultyaiisces. This last high position allowed him
the possibility to give also a better theoretieaddl to the future chemists. First, he succeeded
in the transformation of the laboratory on a trostitute of chemistry in 1901. Secondly, he
obtained that the Institute delivered a diplomahwtite title of engineer in chemistry in
accordance with the French sense, in 1906.

In this communication, | want to expose the cowodsi of teaching practical chemistry in
Paris at the end of the nineteenth century, whighlagned the creation of thimstitut de
chimig its teaching and its success. Thstitut de chimie de la rue Micheleecame the
Ecole supérieure de chimie de ParesGrande Ecole for the formation of engineers in
chemistry.
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The paper examines the academic career and thésneérHermann Mark (1895-1992).
After having spend the first half of his life in @eal Europe, the physical chemist emigrated
to the United States after Hitler had invaded Aastr 1938. In America he would contribute
tremendously to the scientific advancement, acaclengtitutionalisation and education of
macromolecular chemistry. In fact, Hermann Mark®mrs had helped the polymer concept
to become accepted in the international acadenmoramity.

The cornerstones of Mark’s scientific success war@ in Central EuropeFirst he had
become a specialist in X-ray investigation. In #820s, when X-ray analysis was in its
infancy, he used the brand new method to analysestiiucture of solid substances, such as
biological structures and polymerSecondMark gained the ability to organise scientific
research in working groups. Anbdird Mark advocated interdisciplinarity: he formed arte

of physicists, mathematicians, organic and physotemists and statisticians to study the
interrelation of structure and rigidity, elastigitgnelting point and so on. In 1932 Mark
became professor of physical chemistry in Viennheré he established macromolecular
chemistry at university. Within the next few yeafignna University became one of the few
academiccenters of high polymer research in the worldthat time polymer chemistry was
still an industrial domain. In Vienna he had pickga some ambitious Jewish students (E.
Guth, F. Eirich, R. Simha). The working group pres®d a successful project on
polymerisation.

In 1938, after the “Anschluss”, Mark was dismis&@an university. He had been the son of a
Jewish father. After Marks dismissal most of hilatmorators also lost their engagements in
third party (IG Farben) financed research projeRtsSimha, E. Broda, R. Raff, H. Peltzer, H.
Dostal and K. Schiff. Most of them had to emigragzause of Jewish background. Mark’s
assistants F. Eirich and P. Gross also had to |laasgia in 1938. After Hitler’s invasion in
Austria Mark himself accepted a manager positiam,hhd been offered with a Canadian
Company in 1937. In 1940 he went to Brooklyn. Thie® imports of shellac were likely to
diminish because of the threat of war with JapaarkMvas familiar with the fabrication of
synthetic replacements. At that time polymer redeawas still a branch of industrial
chemistry. The need of synthetic replacements eflah provided Mark with a second
opportunity to transform high polymer researchatoacademic discipline: His effort in the
United States was similar, to what he had donkeatiniversity of Vienna, though on a much
larger scale: in 1946 Mark founded the Polymer Bede Institute, which became the first
US institution offering a Phd programme in polyraaemistry. Mark organised the Brooklyn
working groups on the model of the Viennese Inwituand he also introduced
interdisciplinarity as basic principle of researti.the first years after the opening of the
Polymer Institute, Mark staffed it with some of fi@@mer Viennese collaborators, who had
to leave Austria in 1938. For Simha, Raff and Hirihe Polymer Research Institute became
an excellent stepping stone into an academic cahedhe meantime some other Viennese
collaborators of Mark had already gained a foothol@reat Britain: E. Broda, K. Klanfer,
H. Peltzer, K. Schiff, H. Motz. One of his disciplevho had left Austria in the 1930s, had
applied Mark’s method — X-ray analyses — to anah@moglobin: Max Perutz would become
Noble prize winner in chemistry.
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What did prominent 18th century chemists think d@bmlohemy, and on what grounds did
they reject or condone it? This paper exploresvtees of four major Swedish chemists on
the subject of alchemy. The chemists that are ds#iare Georg Brandt (1694-1768), Axel
Fredrik Cronstedt (1722-65), Johan Gottschalk Wialte(1709-85) and Torbern Bergman
(1735-84). The two first-mentioned were employedha mining industry, while Wallerius
was the first professor of chemistry at Uppsala, Bargman his successor. The picture that
emerges turns out to be far more complex than asguyg previous research. Brandt and
Wallerius, the two older chemists, saw alchemy ah@mistry as separate activities.
Nevertheless they acknowledged continuity betwddarauthors in the chymical tradition,
and their own work. Cronstedt and Bergman, on therchand, employed a more agressive
rhetoric against alchemy. The paper argues thaingaw rhetoric was connected to changes in
chemical practice and theory, as well as to theads of enlightenment ideals into the
Swedish scientific community towards the middlghef 18th century. The picture is however
complicated by testimonies of communication betwakshemists and chemists throughout
the period, and by apparent differences betweefgbpbtated views, and those confessed in
private correspondence.
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This paper aims to show that, in 18th century Ckémithere is nothing anymore but only
one instance of reality: the existence itself of ttodies. Chemistry gives up the idea of
Principles, of a Reason or of a Nature transcendihghe chemical phenomena, which
prevailed hitherto in this science. In this direntiwithout real base hiding under perceptible
appearances — without Nature thus —, Chemistryekedy definition natural Philosophy. Its
works fit in now with ‘tragic processes’ consistimgrefusing any metaphysical argument to
practise a clearly experimental physics, or rathgrhysics of the artifice’; an artifice which
would not be anymore a continued Nature since theifd is henceforth defined as artifice
continued. Theory and practice of Chemistry thel tiheir “application to Physics, natural
History, Medicine & animal Economy” (2nd part okthitle of 1766 Macquer'Bictionnaire

de Chimie).

Two 18th century definitions of Chemistry revealktbhange of statute of bodies on which
this science works: 1702 Wilhelm Homberg's defmniti at the Académie Royale des
Sciences and 1753 Gabriel-Francgois Venel's defnitin the third volume of Diderot &
d’Alembert’s Encyclopédie ou Dictionnaire Raisonnée des Scieatdss ArtsFor the first
one, only Chemistry —with its experimental practicg able to establish a certain truth inside
a questionable Physics. Moreover 17th century ctanfrinciples (Sulphur, Mercury, Salt,
Water and Earth) are said to be, not anymore irsadge substances to reach in a pure form
whose qualities explain the properties of the mitmmtlies that they constitute (in a
Chemistry which knew the perceptible bodies onlynasances of these five Principles), but
simply five categories of indecomposable (perh&ey by the progress of chemistry will be
it, thinks one), and perfectly tangible substanddse second definition wants to define the
peculiarity of Chemistry and to justify its autongmside general Physics. According to this
definition, the last two centuries Chemistry isctré en faits, en connaissances vraiment
chimiques”, but unfortunately “[elle] s’est égarée s’élevant”, while prevailing itself to be
the art which makes possible to go up to divinehkect, or even “[I'art] rival & réformateur
de la Nature”; generally in Physics, one often osefl “notions abstraites avec vérités
d’existence”, and wanted at all costs “rendre mistes choses”, or “remonter [par de
délicates spéculations] jusqu’aux premiéres orgjin®y contrast and out of necessity,
Chemistry moves in “vagueness” and “approximatid@fiemistry is a thought of the Present
—i.e. a thought of what exists— , and not anymore ofRast — with its attempts to rediscover
the elusive truth of Principles.

So in the absence of metaphysical postulate, okaséh of the things, Chemistry seems
indeed to be distinguished from natural Philosophg ‘ordinary Physics’ (according to the
non-pejorative expression of Venel). Many elemeofsthe History of 18th century
Chemistry express this absence: the refusal oidéw of the homogeneity of the matter, the
passage from Chemistry of Salt to Chemistry ofssalthemistry of airs, the search of an
artificial ordination of the substances (PrinciptddHomberg, Geoffroy ‘Table des Rapports’
which presents the rule of the Chemist and notadfNaturé, Rouelle’s table of neutral
salts according to their crystalline figure), tlefusal of the chemists to subsume chemical
affinities —which are not causes but shared pd#gilmf union according to the involved

! Moreover, Fontenelle, in his report of Geoffroy'emmoir will deplore the absence of a Reason on whichld
be based the various affinities of bodies to comhbserved in laboratory: “[...] Mais quel princip&adtion
peut-on concevoir dans ce plus de convenance36(p.
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substances— under Newton’s Law of universal grauitg denunciation of the claims to
prepare the Philosopher's stone simultaneously witlcontinuation of the work on

Chrysopoeia like pure artificial production, thérattion of the materialist Philosophers for
Chemistry, etc.

Nevertheless the change is neither sudden nor serdgsradical. It is not sudden, because
the recognition of the lonely instance of realitthe- existence of the bodies— is the
continuation of the movement of 17th century Chémypiévhich rehabilitated the ‘corporal’
with the use of the Salt Principle (Joseph Du Chgsiien the body with the practice of the
second and palpable Principles (handbooks of Chemisand finally the search of the
establishment of verisimilitude Principles whicle arot ‘metaphysical’i.e. indemonstrable
(Samuel Cottereau Du Clos, Frangois Saint Andrg))s not either necessarily radical,
because the practice of Chemistry —which is noticed to a simple empiricism— try to
determine a coherent order in the diversity ofghbstances which can still use sometimes a
indemonstrable Reason (furthermore certain Cheraofstisst half of the century still remain
attached to Chemistry of the Principles). One taallfy question oneself if the abandonment
at the 18th century of a transcending Principlaraf in Chemistry were not final.
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The typical chemist in Germany around 1800 waédias a pharmacist and worked as a
professor at a university or other institution ofher education. These conditions deeply
influenced the concept and the practice of chegnias science. Johann Friedrich August
Gottling is an intriguing example for combining, ewen merging, his education as an
apothecary with his daily duties of teaching and belf-image of a scientific chemist.
Through different hybrid media, he linked chemiegching with work and with research.

Through hisAlmanach oder Taschenbuch fir Scheidekiinstler path&ker he educated
pharmacists and at the same time profited fronr tladioratory observations. Through the
invention of a stove specifically designed for ti@row student’'s room, he allowed students
to do their own experiments and extended the ciofléchemists®. Through hi$robir-
Cabinette(portable laboratories), he allowed practitiongr®stly physicians) to learn and
learners (mostly pupils at school) to practice.oligh his pharmaceutical boarding school,
he combined the advantages of academic teachingraftdapprenticeship. By performing
his research experiments in his lectures, he cmdduit his listeners as witnesses. And by
writing textbooks, he developed a new classificafmr chemistry.

But this strong reliance on teaching had ambigumnsequences for chemistry as a science.
The modern epistemic marginalization of teachinthwegard to research seems already in
play, when Gattling presents chemical processdssiectures as mere demonstrations with
no bearing on chemical knowledge, and when he ggs&sithe merits of his classification of
chemical substances merely in terms of didactic@ppateness rather then correspondence
with nature. Thus, there was still a tension betwde self-image of the scientist and the
social reality of the teacher.
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The emergence of new chemistry teaching methods bleas usually depicted as the
individual enterprise of a young chemist, Justus kiebig, who was able to conceive and set
up with scarce resources but great creativity altgnary method of laboratory based
teaching that was in many aspects opposed to thditional lecture experimental
demonstration. This paper tries to query this vilagusing on two of its main features: the
localised, radical and sudden way in which the gemce of new pedagogical methods is
depicted; and the opposition and incommensurabiligt are created between the use of
experiments as a didactic tool in the new laboyabased pedagogy and the traditional
experimental demonstrations.

Our arguments will be based on a detailed analydisthe teaching practices that
characterized twis Jacques Thenard’s chemistry courses aCdliége de Franceuring the
first third of the 18 century Special attention will be paid to the way experitsemere used
as didactic tools in the transmission of theorétarad practical knowledge. We will try to
show that Thenard’s courses, as probably many sihelEurope during the first decades of
the 19" century, resembled more a space of didactic imyasin, where different ways of
using experiment as a didactic tool were testedn th place where traditional and well
defined and consolidated didactic models were agpli
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Radioactivity was since its inception a hybrid dh$oe, gathering theoretical and
instrumental resources of physics and chemistryth&t same time, its applications and
celebrity of some of its leading figures (such aarigl Curie) made radioactivity prominent
among the public. The aim of this paper is to show these factors —disciplinary ambiguity
and high public profile- shaped the early apprdmiaof radioactivity in Spain, and how
they made possible the establishment of an spaceegearch in a country with weak
academic structures.

In particular, 1 will focus on the emergence of thaboratory of Radioactivity at the
University of Madrid, which became the leading oaditivity research centre in Spain and
also one of the most important chemistry laboratiin the country. The origin of this
institution is closely related to the career antiviaes of José Mufioz de Castillo, professor
of “Chemical Mechanics” in the University of MadridlVe will see that, despite initially
lacking instrumental and material resources, Musiczeed in making the discipline visible
in national politics. Nevertheless, this achievemeas coupled with a lack of international
reputation and visibility. | relate this positiom Mufioz attachment to superseded theories of
the atom constitution, which can be traced baakatdy appropriations of radioactivity in the
Spanish academia.
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This paper aims to give a new light on the notibfneechanical” (nechanicusagent, which
was often used in the tradition of Renaissanceopbphy and then in the current of
Paracelsian chemistry. It traces the evolution le$ notion from Nicolaus Cusanus and
Marsilio Ficino until the time of Joan Baptista Vatelmont and its impact on the natural
philosophers of new generation like Pierre Gassamdi Robert Boyle. By doing this, it
suggests a reconsideration of the accepted intatfme made by past major historians of
science. This paper, based on my double awardeki @moGoncept of Seeds in Renaissance
Matter Theoriesshall namely treat the idea of “archeus” of Palsians chemists.

28
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Following the First World War in Germany, chemigtacountered a completely new
situation. Compared to the prewar era, there wengyrmore young chemists fresh from their
university training, and not enough openings in tifaglitional chemical industry to absorb
them. There were various responses to this sitwaby individuals and chemical
associations; some were fairly conservative, ssolvarning secondary-school students away
from the study of chemistry. Others, however, @teimnovative solutions to the problem; in
part these took advantage of the heightened peesfighemistry resulting from its strategic
role in the war, in part they took advantage ofsang interest in “industrial rationalization,”
a general movement toward greater efficiency irdpation. TheVerein Deutscher Chemiker
(VDC, Association of German Chemists), for examplegdertook a successful campaign to
promote the employment of chemists in other brascfiéndustry.

Along with the movement toward rationalization caoleser ties between chemistry and
engineering in Germany. Despite the skepticismaohes of the most influential industrial
leaders such as Carl Duisberg of Bayer, chemiagiheering began to emerge in the form of
a new discipline calleVerfahrenstechnkprocess technology). Althougherfahrenstechnk
did not become established until after 1945, clas=r between chemistry and engineering
could be seen in th€echnischen Hochschuldtechnical universities), where the classical
organic chemists whose idea of industry was sneallesbatch production now lost their
dominance to representatives of newer subdiscipliepresenting more “modern” and large-
scale technological orientations. One of the mdghificant promoters of the new
interdisciplinarity was Max Buchner, who in 1918|gexl to organize th&achgruppe fir
Chemisches Apparatewes@PACHEMA, Specialty Group for Chemical Apparatuwsithin
the VDC, in order to promote collaboration amongerafsts, engineers, machinists, and
industry in the development of new chemical proagsipment. By 1926 the FACHEMA
was reorganized as tiEECHEMA-Gesellschaft fur Chemisches ApparatewéSeniety for
Chemical Apparatus), an independent group thatiredaaffiliated with the VDC.

Although the onset of the Great Depression aft@9li@creased the unemployment rate of
chemists, the success of efforts to promote thamsipn of chemistry into new areas was
reflected in the fact that chemists lost relativielyer jobs in the branches of industry outside
the traditional chemical industry. By 1933 theregevthus almost as many German industrial
chemists working outside the chemical industry athiw it, and although a majority of
chemists in German universities retained a relbtiveonservative, classical outlook,
elsewhere chemistry had become more interdisciglizs well as more closely tied to
engineering than in 1914.
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ETIENNE FRANCOIS GEOFFROY, A FRENCH CHEMIST BETWEEN ENGLAND
AND GERMANY
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In the first years of the seventeenth centurynaydor Cartesian physics gained the chemists
of the Royal Academy Sciences (Paris) who, likeikdiémery, tried to bring into play a
mechanical program by reducing the operations efrastry to affaires of spike, pores and
choc of bodies. Etienne-Frangois Geoffroy succeetiesvever, to establish a chemistry
which escape the deadlocks of Cartesian mechahiznks to his openness towards England
(following his stay in England, he knew the workdNewton, of which he translated the first
edition of Opticsfor the Royal Academy of Sciences) and towards @egn(as blame his
adversaries, who saw in him the evidence of alfeggao the alchemical tradition, he knew
the works of Becher and Stahl). The ideas of Gegféire assembled in ti@ours de chimie
selon les principes de Newton et de Stahich has abusively been attributed to Senac and
whose true author, if it is not Geoffroy himselhosild be one of his disciples. It is this
European openness that permitted him to elabohatdatble of affinities which constitutes
without doubt one of the most important charactiessof the chemistry of this period.

My paper aims to establish most precisely the ematire of the relationships that Geoffroy

maintained with his chemical colleagues of the R@&aciety and German chemists of the
circle of Stahl.
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Before the turn of 20century the German chemical industry was heavilluénced by the
knowledge and modelling approaches of the orgahamist. Although there were some
chemical engineers in the industry, the influenegarding a more quantitative approach in
industrial design was limited by the predominanterganic chemists. Originally caused by
organic chemical constraints to enable various atemeactions to obtain different colours,
the very important “oleum” (sulphuric acid) was gouced by the so called “Rést-Process”.
One decisive feature to control this process wakttowledge in the behaviour of catalysers.
At this time, BASF (Heinrich Caro, Rudolf Knietsolwas the leading company in the field to
patent catalysers. These patents had stronglyeimfled the style of physical chemical
argumentation and modelling approaches, in opptsitke more common patents in organic
chemistry.

With the technical introduction of the Haber-Bogmiocess before World War One (“Pull-
Factor”) and the theoretical understanding of theed laws on thermodynamics and the
kinetics of heterogeneous systems (“Push-Facttd)h parties (industry, academic) were
coming together, certainly also influenced by theltidiscipline genius Wilhelm Ostwald
and his “Bridge-Function” (Hapke) capabilities. $hcongruence was reflected by the
increasing number of physical chemical jourhalZeitschrift fiir physikalische Chemie
founded 1887, Zeitschrift fur Elektrochemie und emvgndte physikalische Chemie 1894,
Journal of Physical Chemistry, 1896 etc), and tivegiasing number of papers as function of
time in relation to organic papérsThus, physical chemistry has crossed the academic
boarder. An important mentor and supporter of ti@ was Carl Bosch (1874-1940) in
opposite to Carl Duisberg (1861-1935), who dislikbe& mathematical approach of the
“modern chemist”; he preferred a more “holistic aggzh™.

The most important protagonist of this branch oémsces (Haber, Nernst, Polanyi, London,
Loewenstein, Epstein, Nikodem Caro) had to leaver@@ay and/or were prosecuted during
the NS-regime because of their Jewish origin. I$ wat surprising that some organic Nazi
chemists have declared the physical chemistry agostensive” (Thiel)' enough or as a “to

intellectual science” (Hansen)like it happened with Heisenberg, Sommerfeld, Boh
Einstein in the physics (“Deutsche Physik”). Atsthime there were some “dubious papers”
(Jost) published in the journal (Z. f. phys. Chemtlich were caused by political pressure
(Mentzel), so that the 3 editors (Bodenstein, Befife, Jost) had resigned their editorghip

One IG-Farben chemist, Heinrich Bitefisch, certaihle best Nazi of the 1G-Farben board

1 Schmitz, Hans, ,Zur Entwicklung der chemischentgtiriftenliteratur®,Laboratoriumspraxisl9 (1967), pp.
140-142. Hapke, Thomadie Zeitschrift fiir physikalische Chemie: 100 JahAéechselwirkung zwischen
Fachwissenschaft, Kommunikationsmedium und Geseftstteazberg: Bautz, (1990). Bibliothemata, Vol. 2

2 The journal for physical Chemistry was very sucfteshe number of volumes increased from 1 to 6.éh
years, the numbers of pages per volume varied leet@80-800 pages.

3 Kahlert, HeinrichChemiker unter HitlerGrevenbroich, 2001, p. 46.

4 Thiel A., ,Zur Frage nach einer ‘anschaulichenufdag der Osmose und des osmotischen Druckgesgizes*
phys. Chem.,vol. A178 (1937); Richter, Steffen, “Die Deutsche y8k“, In: Mehrtens/Richter (edit.)
Naturwissenschaft, Technik und NS-Ideolofimnkfurt a.M.: Suhrkamp, (1980) pp. 116-141.

® Kahlert, p. 45; Hansen, Christian.\Jglkischen Beobachtet9/3/1936

6 Jost, Wilhelm, “The first 45 years of physical ofistry in Germany.”Annual Review of Physical Chemistry
Vol. 17 (1966) pp.1-14; Bodenstein, Max, “50 Jahreei@lsche Kinetik”.Zeitschrift fir Elektrochemie und
angewandte physikalische Chemiel. 47 (1941), pp. 667-672.
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members, defended the merits of PC and the sudeelss/our of the German economy
(synthesis coal to gasoline). Also the notoriouspasfunist Peter Adolf Thiessen
recommended the merits of PC as “decisive to obsaitarchy’. This indicates that the
Physical Chemistry was well established as wellhd@ustry as in the NS political system.

! Biitefisch, H, ,Die Bedeutung der physikalischen Creeffiir die chemische Grossindustri€ie Chemische
Fabrik, Vol. 8 (1935), pp 227-235; Thiessen, P.Beruf und Stand Angewandten Che(ii@36), pp.19-20.
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Born in Kyoto, Riko (Toshiyuki) Majima graduatedin the Department of Chemistry of the
College of Science at the Tokyo Imperial University1 899. After a four-year, from 1907 to
early 1911 stay in Europe, where he studied undekr @ietrich Harries (1866-1923) in Kiel
and under Richard Willstatter (1872-1942) in Zuyitte became a professor of organic
chemistry at the newly established Tohoku Impddaiversity in March 1911. He became
famous especially for his study of urushiol (a cht# (o-dihydrobenzene) derivative), the
main components of the sap of the Japanese latgeeRhus vernicifluéstokes urushi-no-

ki in Japanese). Known in Japan as a black glossystarthe lacquer tree is an important
indigenous commercial source of natural lacquenc&ithe beginning of the research in
organic chemistry in Japan in the late 1870s, Jeggachemists often studied local natural
products using methods newly developed in Europgjinvh followed the same line. After
discovering urushiol, Majima discovered a new sgtith method of making indole and
started to study indole derivatives.

A leader of the first generation of Japanese omegsearch chemists, Majima contributed
greatly to the establishment of organic chemisatyoratories at universities and research
institutions in Japan, including the Tohoku ImpEerlaniversity, the Osaka Imperial
University, the Tokyo Institute of Technology, aadaboratory in the Research Institute of
Physical and Chemical Sciences (RIKEN). He alsd tibe initiative to publisiComplete
Chemical Abstracts of Japawollections of abstracts of all chemical papersdapan from
1877 to 1964 which included 348,517 abstracts 2 B4 pages in total with comprehensive
subject and author indices.

This paper will analyze the development of Majimeésearch school, its research strategy
and its influence on natural products chemistryapan up to 1964, two years after Majima’s
death, when the Third IUPAC Symposium on the Cheynisf Natural Products in Kyoto
was held. This Symposium symbolized the advancete sff Japanese organic chemistry and
became a turning point in its further ripening.
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This paper discusses the process and mechanisrhibly the education of applied chemistry
at Tokyo University, one of the major sites of cleah education in Meiji Japan,
accumulated three elements of teaching practiaealysis, fieldwork and engineering — and
contributed to the formation of a distinct and nplé identity ofkagaku kgyoka (chemical
technologist), the differentiation of which fromdmmary chemists is epitomised by the
separation of th&ogys Kagakukai(Society of Chemical Industry) from Tokyo Chemical
Society in 1898. The English chemist Robert Willi&tkinson, who studied chemistry at
University College London (UCL) and was appointedl874 as professor of analytical and
applied chemistry at Tokyo University, introduceal Yapan the part of UCL’'s chemical
education designed for training of consulting atedf chemists by one of his teachers,
Charles Graham. By interacting with his studentshsas Takamatsu Toyokichi, Atkinson
blended his UCL legacy with the Chino-Japangsegakutradition, the fieldwork of local
resources and manufactures, and cultivated commeuwtith indigenous manufacturers such
as sake, soy sauce and pigments. Takamatsu lativedeped Atkinson’s teaching
programme of applied chemistry for Tokyo Universégd technical colleges in the late
1880s and 1890s. In doing so, Takamatsu combinedblove two elements with his later
experience of overseas study at Owens College Msteh where the Zurich-trained
industrial chemist, Watson Smith designed an edutat scheme mainly for training of
works chemists and more engineering-oriented ttealJCL counterpart. In conclusion, this
paper argues that the mixture of analysis, fieldkwand engineering occurred by the
mechanism of what sociologists call “transcultumatiwithin “contact zones,” where people
with distinct cultural backgrounds mingled and rated with each other.
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The aim of our paper is to analyze the institutimaséion of Chemistry, as a scientific
discipline in 20th-century century in Mexico thrduthe history of its main Higher Education
institution of Chemistry, the Faculty of Chemistifyfthe UNAM, the oldest and the biggest
university of Mexico and probably of] Latin America

Its ancestor, The School of the Chemical Industras created in 1916 by the government,
urged by the Mexican manufacturers, in order tmt€@hemical Technicians. But engaged in
the revolutionary movement, this school taught pattonly in the economic development of
the country but also in the construction of the Mar national identity, the struggle against
illiteracy and. Here, we shall show how these fiestsignments evolve in complex
interactions with the setting up of Higher Educationdustrialization, internal political life
and scientific questions. On the one hand, we sak first of all that in the 1930 years,
Chemistry was limited to two professions: the phagist chemist and the chemical engineer.
Then in the 1940 years, chemistry was called ty plgart of the dynamic start-up in the
industrial modernization. The project of the buillgliup of a secular and socialist society
promoted by the President Lazaro Cardenas andibcessors made the chemistry practised
in Mexico, an ensemble of techniques dedicated Ijn&inthe management of technological
process bought directly from foreign countries. @lstry was also dedicated to the control
of the industrial production’s quality by the gomerent.

On the other hand, the political situation of Spaii936, and then of Europe in 1940, led to
the emigration of many well-known scientists to bex Driven by an academic dynamic,
those scientists with their Mexican colleagues tgped, in the new Chemistry Institute of
Research, a scientific niche, based on organic igtemparticularly in steroid chemistry
linked to the industrial sector. However, since #ml of the 1903s, Mexican universities
acquired considerable autonomy; this autonomy wasbelized first by the UNAM
Professors’ resistance against the state’s supanved Higher Education, and later, by the
International Organisations’ intervention, in pautar UNESCO, in setting up a scientific
policy. This resulted in the creation of the PhDe@inst who undertook scientific research for
its own sake, removed from the productive sector.

This paper has shown how the singular historicated of scientific institutionalization is a

key element to understand the emphasis nationdéteglace today on the need to increase
the interactions between the academic and induse&ors in Mexico.
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Among the leading German chemists in the 1780s €.JWiegleb (1732-1800), M. H.

Klaproth (1743-1817), L. Crell (1745-1816), J. Fm@in (1748-1804), J. F. Westrumb
(1751-1819), F. C. Achard (1753-1821), J. F. A.tBig (1753-1809), F. A. C. Gren (1760-
1798), and S. F. Hermbstadt (1760-1833) — Wiegkdhproth, Westrumb, Géttling, Gren

and Hermbstadt were apprenticed and practicinghapaties, and Wiegleb and Westrumb
remained apothecaries throughout their professioasder. Around half of the one to two
hundred Germans carrying out chemical investigatiand acknowledged as “chemists” in
the 1780s became acquainted with chemistry as p@ta@uical apprentices and practicing
apothecaries. The interconnectedness of pharmaakwit and chemistry in eighteenth-
century Germany also becomes manifest through thedysis of the readers of and
contributors to professional periodicals such as @hemische Annalen. Among the 564
German subscribers to Crell's Chemische Annalewdse 1784 and 1789, 260 (46%) were
apothecaries, and among its German contributors than 40% were apothecaries as well.

The socio-cultural German context can hardly explew owners of apothecary’s shops and
manufacturers of remedies became acquainted watlprhctice and theory of chemistry and
how they became visible as skilled and knowledgeabemists in the Republic of Letters.
What kind of activities earned them the attentiba tearned and supportive audience? What
were the sites and resources of these activitieeWw Hlid apothecaries’ chemical
investigations relate to pharmaceutical manufa@uye a matter of fact, A. S. Marggraf, like
other apothecary-chemists, did not begin his car@®ra chemist after leaving the
pharmaceutical business, but rather developedaitgaide, and even in conjunction with that
business, and J. C. Wiegleb and J. F. Westrumb inesheapothecaries throughout their
careers as learned chemists. Furthermore we mawlaskapothecaries, who were trained in
an artisanal system of apprenticeship and earredliving as merchants and manufacturers
of remedies, merged so smoothly with other factiohehemists, for instance those who had
earned a medical doctorate or were mining officeald assayers. Were there any aspects of
the actual practice of apothecaries that were ambd other chemists’ practice? Were there,
in addition to individual talent, collective belgefand state intervention, any collective
material resources and elements of the practicevatdrial culture of pharmacy that enabled
apothecaries to carry out the same or similar kisidshemical investigations as chemists
working at other artisanal sites or at academititutgons?

| argue that Marggraf, like other German apothesawho became renowned chemists, was a
truly hybrid apothecary-chemist, and further, tatindispensable condition for the existence
of the persona of an apothecary-chemist in theteggith and early nineteenth centuries was
the high degree of correspondence between the ialatalture and practice of pharmacy and
the material culture and practice of “academic ak&mn” Apothecaries did not have to
bridge a huge gap between a rigid “realm of recipesl pharmaceutical routine, on the one
hand, and a realm of innovative, pure chemicalnegeon the other. Rather, pharmaceutical
art and academic chemistry overlapped in the eggitteand early nineteenth centuries, in
Germany and elsewhere in Europe. Laboratories,npdragutical and academic-chemical,
were the institutions where manufacture (in theecat pharmaceutical laboratories) or
technological inquiry (in the case of academic dleaiiaboratories) and inquiry into nature
were firmly entwined.
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As a consequence of the introduction and acceptahcehemical remedies” during the
seventeenth century, in the eighteenth centurypih@rmaceutical art was in a state of
persistent change and innovation. There was haadly recipe for the manufacture of
chemical remedies that was not questioned, vainggloved or replaced by a new one. And
there was hardly any chemical remedy that was notthe test-bench as a possible
adulteration or a material that had not yet beeentiied unambiguously. Chemical
techniques and instruments, connoisseurship of datsubstances, and chemical analysis
became significant tools for mastering problemsnainufacture. Inversely, the solution of
problems of manufacture provided insight into thattire” of substances and their chemical
transformations. The similarity of the material tové and techniques of manufacture in
eighteenth-century pharmaceutical art to the nlterilture and experimental techniques of
academic chemistry enabled apothecaries to shidir thactivities smoothly from
pharmaceutical manufacture to the chemical invaBbg of nature, or to perform chemical
analyses alongside pharmaceutical manufacture wisiee it enabled chemists performing
experiments at academic chemical laboratories tft $fom inquiries into nature to
pharmaceutical and other technological inquiries.
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This paper deals with building an identity for thew sub-discipline of physical organic
chemistry. It addresses its historiography: a cgusece of Whig history, as pervasive as it is
implicit, is the standard account of the rise diiedd. It is ascribed in this case to Hughes and
Ingold in the 1930s and to Louis P. Hammeflsysical Organic Chemistry1940). The
standard account often masks earlier and nevesthaleminal publications. To turn to the
historical long haul — thdongue duréedear to Fernand Braudel — offers a better
perspective. | have drawn attention already to Bickjs contribution at the very beginning
of the twentieth century witBrganic Chemistry of Nitrogen

Here, | turn up an even earlier milestone. Lingae fenergy relationships come close to a
defining feature of physical organic chemistry, resimce Hammett's monograph. But when
did they originate? Indeed the historical long hanalvides the answer.

To evaluate the relative strengths of organic sagids a priority during the second half of
the nineteenth century, even before the contribstiby Arrhenius and Sgrensen. A key
episode was Wilhelm Ostwald's 1884 paper, intratiy@ novel measurement of acidity. It
did so by first mining the history of chemistry amadliscovering Wilhelmy's work from 1850.
It gave Ostwald the clue he needed to devise aurement of the strength of acids, from
their ability at catalyzing sucrose inversion. $hine correlated thermodynamics (acid
strength) with kinetics (reaction rates). Hence ittn@ortance of this breakthrough as an
antecedentavant la lettre to physical organic chemistry.

1. Pierre Laszlo, Ambix 2003, 50: 261-273.
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At the middle of the 18 century chemistry was the object of spectaculdipunfatuation.

In Paris more than 600 auditors crowded into Retgltourses at th&ardin du Rai There
were about 200 in the laboratory of therdin des apothicairesiot to mention the many who
attended private courses. In the provinces tooathphitheatre of thEaculté de Médecine
de Montpellier could accommodate up to 400 students. In ordeméet the range of
expectations of its diverse public, chemistry taughFrance during this period combined
apprenticeship and growing theoretical sophisticatiwhile at the same time remaining
popular and spectacular.

Although advertisements for chemistry courses emsighd practical applications and the
spectacular aspect of experiments, the courseswegrieee of theory. In fact the analysis of
manuscript notes taken by Rouelle’s and Venel'slestits reveal an innovative chemistry,
which integrated and synthesised Stahl's, Boerliaased Newton’s theories. It was a
chemistry based on experiment in which theory aadtge went hand in hand.

Experiment had several roles: apprenticeship; #aHhing of know-how; teaching about
apparatus and reagents; and instruction in thenitgabs and tricks of chemical operations.
Experiment was also valuable as evidence. In theéh I&ntury, the operations of
decomposition and recomposition were complementang only through their joint
application was it possible to understand the matiira substance. Finally, experiments were
also performed during chemistry courses in ordeddmonstrate the elements —air, water,
earth and phlogiston—that constituted natural suizss.

This experimental approach was based on the widadpuse of Geoffroy’s tables of
affinities, which made it possible to both intettpaed predict operations.

Each course was specialised, depending on itcpkatiaudience. Courses were intended for
medical doctors and apothecaries who wanted toratad®l the basis of chemistry so as to
better prescribe and prepare medicines, for philess who wanted to pursue their

understanding of the nature of matter, for landawngho were interested in the natural

resources of their land, for craftsmen who wantekinobw about the chemistry of colours and

dyes, varnishes, glass, metallurgy, and last ferctrious, strollers who wanted to attend the
show... and for ladies of quality.

It is this convergence of interests, together vt enthusiasm and vision of a few great

teachers, that allows us to understand the infatuatith chemistry in the middle of the
Enlightenment.

39
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The beginnings of th8ociété chimique de Parmve been already well described by several
authors (G. Bram and M. Golfier, 1997, J. Fourn803, U. Fell and A. Rocke, 2007). The
aim of this paper is to present the way theciétéwas present in the French debates
concerning science and chemistry through its whakory from 1857 to 2007. The
information comes from the collective work realizegd40 authors on the biographies of the
75 presidents of thBociété which will be published for the 18Gnniversary of th&ociété

to be celebrated next July 2007.

The main topics of interests are the scientificades and conferences, which first took place
in Paris, then in several local committees; theranttion of theSociétéwith industry and
with hygienist and public health Committees; thrersgthening of th&ociétéby the creation

of thematic groups, and finally its will of Europgzation through the creation &uropean
Journals which took the place of the natiordilletin de la Société chimique the 1990’s;
and last, but not least, the great interest of 3beiétéfor its own history, from the true
beginning.
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eds., Royal Society of Chemistry, London, 2007.
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IS A PHYSICAL CHEMIST A CHEMIST? IDENTITY AND DISCI PLINE
BUILDING.

Anders Lundgren
Uppsala university, Sweden.
E-mail: Anders.Lundgren@idehist.uu.se

Svante Arrhenius, well know member of “das wildeeHéler lonier”, received the Nobel
prize in chemistry, was professor of physics, aasl in Swedish encyclopaedias been called,
chemist, physicist, physical chemist, scientistural scientist etc. What was his disciplinary
identity?

As this example shows and it goes without saying,doncept of discipline is a troublesome
concept. Frontiers between disciplines are corigtaague and floating, today as well as in
history. We all know this, but we still write boglaxticles as well as arrange conferences on
the question of disciplinary identity and on histsrof disciplines. It seems we can not do
without them. Of course some kind of organisatmmbureaucracy, is needed if any science
at all should be done. There have to be a struchyrevhich research is organised, money
allocated, and teaching carried out. The basicsumt such organisation usually are
departments with a disciplinary name on the sigisida the door. However, what's on such
a sign does not automatically tell what kind ofe@gh is going on behind that door.

In my paper | will discuss the question of identityscience in relation to the rise of new
disciplinary names, taking physical chemistry am@themistry in Sweden as examples from
which to start (but | hope what | have to say wdlve bearings on other cases as well). | will
suggest the concepts “inner” and “outer” institoabsation in order to explain the relations
between how research in a new field is carried aod, how that research is organised. Inner
institutionalisation is then equivalent to the ¢r@a of a new research area, whereas outer
institutionalisation is how that area is accommedab existing organisation, how it gets its
own door sign. Since there has to be a researkhifimeed for a name, and resources, inner
institutionalisation in time precedes outer, andedaines what kind of science is done
behind the door.

The identity of the new field could thus either l&pressed in relation to outer
institutionalisation as an administrative unitwhich case disciplinary names are important,
or in relation to inner institutionalisation, in wh case references to other research groups or
certain networks, are important, and disciplinaaynes are of less significance. Finally 1 will
rise the question if, in the former case, the idgrds “professor”, or even “Nobel prize
winner”, and in the latter case the identity ofrfiea “scientist”, is not more important than to
be identified as a scientist of a certain disciplin
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TRONDHEIM OR OSLO? TERRITORIES IN EARLY 20 ™ CENTURY
CHEMISTRY EDUCATION IN NORWAY

Annette Lykknes* and Ola Nordal**

*Sgr-Trondelag University College (HiST), Faculty fTeacher and Interpreter Education,
Rotvoll Allé, N-7004 Trondheim, Norway. Phone: (348559776, fax: (+47) 73559851.
E-mail: Annette.Lykknes@hist.no

*Norwegian University of Science and TechnologyT(NU), Department of Computer and
Information Science, Sem Seelands vei 7-9, N-749dndmeim, Norway. Phone: (+47)
73594892, fax (+47) 73594466.

E-mail: ola.nordal@hf.ntnu.no

The Royal Frederik University in Oslo (founded i811) and the Norwegian Institute of
Technology (NTH) were the two main facilities fdreanical education in Norway in the first
half of the 28' century — the University provided traditional chistny training for science,
pharmacy and medicine students, whereas NTH edlu@atgineers for chemical industry.
From the opening of NTH in 1910 the Institute wagarded as an integrated teaching and
research institution with modern laboratoriethe chemistry department being one of the
largest departments, with its own building and ftalroratorie$. NTH and the University in
Oslo were not regarded as competitors, as the aiiyalid not educate engineers and NTH
did not train scientists.

However, this changed in the early 1920s. The Usity¢s chemistry laboratory had for a
long time suffered from inadequate gas, water ardilation systems, a subsiding building
as well as cramped localities, which made it inad¢g even for the elementary courses —
educating chemists was reckoned as impossible uswgign conditions. Plans for a new
chemistry laboratory at the new university camg@lsydern, were initiated, culminating in a
new building inaugurated in 1934/339n 1922 Rector of the University, Fredrik Stang,
appealed in the daily press about the need to lauihéw chemistry laboratory. By overtly
mentioning the education of (industrial) chemidt® relationship between NTH and the
University was exacerbated, creating numerous napespdiscussions. At the NTH it was
felt that the University was trespassing their domahis debate occurred during a time
when NTH experienced a stream of professors froamdmeim to Oslo, as the chairs at the
University were still regarded as more attractivant a position at NTH. In our talk we will
look into the controversy between the two chemistaporatories in more detalil,
exemplifying “neighbours and territories” withindlsame field and country.

1 Wittje, Roland, "The Foundation of N.T.H. in 1919 International Context,” in: Reinhard Siegmund-Stiail
and Henrik Kragh Sgrensen (ed®grspectives on Scandinavian Science in the Eamgniieth CenturyOslo:
Novus Press, 2006), pp. 111-132.

2 | ykknes, Annette, Kvittingen, Lise and Egholm Jamen, Elisabeth, “Founding of a chemistry laboratatr
Norway'’s first Institute of Technology: Laboratgoyactices 1910-1936” in: Isabel Malaquias, Ernsiridarg and
M. Elvira Callapez (eds.Bth International Conference on History of ChemistryChemistry, Technology and
Society” — proceedingéEstoril & Lishoa: SPQ — Sociedade Portuguesa gieni@a, 2006), pp. 214-222.

% Lykknes, Annette, Kvittingen, Lise and BarresenpArKristine, “Ellen Gleditsch: Duty and Responstiiin a
Research and Teaching Career, 1916-194&torical Studies in the Physical and Biologicaie€hces36 (2006),
pp. 131-188.
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PARTICULAR ASPECTS OF THE COMMUNICATION AND SCIENTI FIC
NETWORK OF J H DE MAGELLAN BETWEEN BRITAIN, FLANDER S AND
FRANCE

Isabel Malaquias
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Tel: + 351 234 370282, fax: +351 234 424965

E-mail: imalaguias@fis.ua.pt

Establishing communication and networks is a reremivmeans of spreading science. During
the 18" century one of the first to understand its impocgawas the Portuguese Jodo Jacinto
de Magalhdes (1722-1790), who developed and impitadea vast network of scientific
correspondents all through Europe and America.

Magalh&es, also known as Magellan, got the prigileg entering the Republic of Letters
where he became acquainted with the most recergltiess of experimental sciences in
which discussion he took an active part. His cutyositroduced him in several emerging
scientific subjects concerned with physics, chemjiststronomy, medicine, arts and
instruments. With a particular interest on instratagion he settled in London he considered
the best city in Europe to breathe the new windsadern science and liberty. That curiosity
allied with a natural propensity to communicatecianed the establishment of a vast network
of correspondents interested in similar philosophmoatters.

He took an important role in the spreading of expental physics and chemistry, namely
performing very recent experiments in his differentles of friends. The introduction of
pneumatic chemistry in France is the best known.

In this communication we will focus on some of hidivities related to chemistry and the
network of friends/interlocutors in Flanders andrie from the early years of seventies.
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DISCIPLINARY IDENTITY AND THE CHEMICAL REVOLUTION

John G. McEvoy
Department of Philosophy, University of Cincinn&@hio 45221, USA. Tel.: 513 556 6337.
E-mail: john.mcevoy@uc.edu

This presentation will examine the various andegattempts that historians of science have
made to divine the nature of the Chemical Revotufimm the disciplinary identity and
development of eighteenth-century chemistry. Wherpasitivist historians viewed the
Chemical Revolution as the moment when chemistokdmvith its speculative past and took
on the mantle of a scientific discipline, postpests, like Arthur Donavan, Evan Melhado,
Carleton Perrin, and Robert Schofield, relatedoittie shifting boundaries between the
preexisting scientific disciplines of physics andemistry, while sociologically minded
scholars like John Christie and Jan Golinski, idieat eighteenth-century chemistry as a
“didactic discipline.” We will see how variations the accounts of the disciplinary structure
of eighteenth-century chemistry reflect signifidgrdifferent historiographical views of the
aims and methods of science.

The interpretive focus on the disciplinary identaityd development of the sciences evokes the
spirit of Comte’s “positive philosophy,” which updeboth the crucial role of the disciplinary
division of labor in the development of science #mel need for historians and philosophers
of science to offset the associated dangers ofaation by attending to “the relations and
concatenations of the sciences.” While these disaify interpretations of the Chemical
Revolution issued in a range of significantly diffiet accounts of the contributions of Joseph
Priestley and Antoine Lavoisier —the leading protagts of the revolution— to the
development of modern chemistry, one way or anogthleey all succumbed to the
retrospective devaluation of Priestley’s sciendeenent in the presentistic sensibilities of the
“positive philosophy.”

Larry Holmes highlighted the retrospective dangssociated with the positivistic enterprise
when he argued that the Chemical Revolution wasvalution in “pneumatic chemistry,”
understood not in its modern guise as a subdivibrgeneral chemistry, but in its
eighteenth-century grandeur as an interdisciplinacyivity that encompassed physics,
chemistry, and medicine. We will explore the consetpes of this reconfiguration of the
disciplinary hierarchy of eighteenth-century chdamisfor our understanding of the
phlogiston theory and its role, as inhibitor orifitator, in the emergence and development of
the science of chemistry. Taking seriously Josepéstey’s self-identification as an “aerial
philosopher,” this presentation will build on Holg'® analysis to argue that a genuine
historical understanding of the Chemical Revolutiomst recognize the “relation and
concatenation” not only of the sciences, but afsh@ scientific and nonscientific disciplines
that vied for the attention of eighteenth-centuayunal philosophers.
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CHEMICAL CAREERS IN POSTWAR BRITAIN: CENTRIFUGAL DI SCIPLINE /
CENTRIPETAL PROFESSION?

Robin L Mackie and Gerrylynn K Roberts

Department of History of Science, Technology anddidi@e, Faculty of Arts. The Open
University, Walton Hall, Milton Keynes MK7 6AA, UKTel:+44-1908-652487; Fax: +44-
1908-653750

E-mail: g.k.roberts@open.ac.uk

At the start of the twentieth century, chemistrysweaidely perceived arguably as the most
fundamental, but definitely as the most ‘usefulesce; chemists were the largest community
of scientists in Britain, finding occupations agasdustry, government and academia. They
were the first British professional group to beamged around a scientific discipline and
they served as a model for other emerging scienéfid technical professionslsing an
anthropomorphic, biographical metaphor for theertyry of the discipline of chemistry,
David Knight has described it as becoming ‘middiedi during the first half of the
twentieth century. The reputation of chemistry was both enhanced tmdished by
participation in two world wars and its intelleckiséatus changed as physics came to be seen
as the most fundamental science on the one hanitk Wwiological sciences became the
exciting frontier on the other. Indeed, it is oftargued that the postwar period saw an
apparent dilution of disciplinary identity with amtellectual shift from ‘chemistry’ to a range
of adjectival ‘chemistries’. None the less, in Biit, chemistry was the largest undergraduate
science subject well into the 1960s. Following ariquk of disciplinary gloom as
undergraduate chemistry enrolments fell and prontimzitish chemistry departments were
closed down, there is talk now, in 2007, of chemiséxperiencing a renaissance’ with
increased government funding, the opening of pyesis new teaching laboratories and the
undergraduate intake once more on the incréase.

Drawing on our “Biographical Database of British ebfists,® this paper looks at the
education and careers of the cohort of chemists avttered the profession in the two post-
war decades, when there was a marked expansiomtinthe ‘supply’ of chemists and
‘demand’ for them across all sectors of the economywill explore how greater
opportunities affected career progression, speeigtin, and mobility. The paper will argue
that any trend towards fragmentation in the dise#ltook time to affect occupational
pathways and that this generation of chemists ooatl to enjoy careers that combined
professional success with high mobility. Importgntdore knowledge and skills continued to
be seen as highly transferable, enabling chemestdetvelop careers drawing on values
associated with the traditional professional ‘idiggle’ of the independent practitioner. They
have thus maintained a distinct identity which isderpinning the reassertion of the
fundamental importance of the science in the twingy century.

! David M Knight,ldeas in Chemistr{London: Athlone, 1992), 179.

2 Steve McCormack, “Chemistry returns to its elementriiversities, The Independen25 January 2007; online
edition (http://education.independent.co.uk/highei¢le2181876.ece), accessed 1 February 2007.

% Robin L Mackie and Gerrylynn K Roberts (http://wwweopac.uk/ou5/Arts/chemists/).
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CHEMISTRY IN THE 21ST CENTURY: DEATH OR TRANSFORMAT [ON?

Peter Morris
Science Museum, Exhibition Road, London SW7 2DD, UK
E-mail; peter.morris@ScienceMuseum.org.uk

This paper will examine the probable future of chetm in terms of its past. Chemistry

today looks very different from how it did thirtyegrs ago. In effect it is an alliance between
biomedicine and material science. The various gsdmal organisations and journals are
scrambling to reposition themselves in terms of tiiemical sciences" rather than chemistry
per se. But chemistry has always been shaped bshitdng intellectual professional and

economic alliances. In the eighteenth century as the territory between medicine, assaying
and metallurgy, and the study of heat --strikingiypcative of the situation today. Over the
last century the pharmaceutical industry has digmlathe dyestuffs industry as the major
sponsor of organic chemistry. For two centuriesydxer, chemistry has retained a strong
identity despite these changes. The key questiaws are whether the current alliance
between biomedicine and materials can hold andhveneghe term "chemistry” really means

anything anymore except as a historical throwbaxclan earlier period (thus paralleling

alchemy in the late 17th/early 18th century). WWillemistry be reinvigorated by the creation
of a new identity as "chemical sciences" or willdecompose”, reverting back to its parent
sciences of medicine (as biomedicine) and metalless nanotechnology and materials
science)?
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PHILOSOPHER-SCIENTISTS AT THE INTERFACE OF PHYSICS AND
CHEMISTRY: PANETH AND POLANYlI ON CHEMISTRY AS AN EX ACT

SCIENCE

Mary Jo Nye

Oregon State University, Department of History,avil Hall 306, Corvallis, OR 97331-
5104. USA. Tel.: +1-541-737-3421, Fax: +1-541-72%1

E-mail: nyem@onid.orst.edu

Historians and philosophers of science, as welaantists themselves, have distinguished
chemistry from physics on grounds including thequeness of chemical concepts, ab-initio
reductionism, and, most recently, thought experisiemhis paper examines some of the
chemical work and philosophical reflections at imerface of physics and chemistry by the
physical chemists Fritz Paneth (1887-1958) and EktHPolanyi (1891-1976), both émigrés
from Germany to England in 1933.
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CHEMISTRY AROUND MEDICINE AND PHARMACY IN THE WORK OF
AMATUSLUSITANUSIN THE XVI CENTURY

Fatima Paixao

Escola Superior de Educacao, Instituto PolitécrdeoCastelo Branco, 6000-266 Castelo
Branco, Portugal. Tel.: +351 272 339100; Fax: +3B2 343477

E-mail: fatimapaixao@ese.ipch.pt

The physician Jodo Rodrigues de Castelo Brancolf1568) adopted the name Amatus
Lusitanuswhen he left Portugal, escaping the Inquisitioniclvhdevastated the south of
Europe at the time. He practised medicine in Anpyéterrarra, Ancona and Rome, took
refuge in Pesaro and Dubrovnik and finally livedTihessalonica until the end of his life.
Despite having been the physician of Catarina otli®e and of Pope Julius Il he never
discriminated any one because of their originsetigion and he never forgot his birthplace
making various references to it in his vast workaghg his many books, we can highlight
Index DioscoridegAntuerpia 1536))Jn Dioscorides Anabarzaei de Medica materia librum
quinque ennarrationes eruditissimg¥enice 1553),Curationum Medicinalium Centuriae
septenm(Venice 1552-1559).

He was the first to observe the valves of the vilg7) giving a precious contribution to the
study of the blood circulation and tliharamacopea LusitanéCoimbra, 1704) refers to
their contributions. He also was a notable botdrobgerver and recorder. The collection of
the severMedicinalium Centuriageunited an enormous set of episodes reporting aakdi
situations in which he participated, well succeededot. Described with detail, all the work
relieves his meritorious human as well as techraspkcts. He referred all the materials used,
the operations needed for the preparation of meelcand the proper medical interventions.
The rigour and critical reflection about his deors and results are one of their main
scientific attributes.

If the culture of the 1B century rises up the humanism in its knowledgecephy Medicine
and Pharmacy, like today, were very close and bmtwbhem grew up a chemistry art and
knowledge which established one of the biggestamiriiridges. At the same time Chemistry
joined knowledge and techniques which will helgatimpose with its proper rights, few
centuries later. The work oAmatus Lusitanuss full of aspects evidencing Chemistry
associated to Pharmacy and Medicine. We will gixengples of materials and substances,
instruments, techniques, practices and reflectiogsalled from the text oMedicinalium
Centuriaeevidencing those aspects:

1 - The most used ingredients were organic; boshngpecies coming from the
Mediterranean flora but also a vast range of anianglin materials were used. We also
found minerals.

2 — There are descriptions or references to numseoperations in order to prepare the
medicines and aspects related with precision agulriin the prescriptions, particularly in
what respects measurements of the quantities ngéé preparation of medicines. In the first
case we can refer extractions or decoctions. Intweters to the second cas&matus
Lusitanuscan be considered a symbol of an anticipated rigduch could be translated into
the more general and foundational Modern Chemgtnciple, mass conservation.

Acknowledgement$=TC, Ciéncia Viva VI-1375.
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BOUNDARIES OF CHEMISTRY: INTEREST AND IDENTITY IN E ARLY 20TH
CENTURY

Gabor Pallo
Institute for Philosophical Research, Hungariand&zay of Sciences.
E-mail: gabor.pallo@ella.hu

The first part of the paper discusses the boungaoplem in general terms, such as the
essentialist approach, the epistemological apprdBcpper, Kuhn, Lakatos), sociological
approach (Merton) and the contemporary policy aggines. From the historical changes of
the boundaries, the paper concludes that any kiresgentialist approach seems hopeless
now but not in historical perspectives. In the secpart, the paper recapitulates the events of
the first chemistry congress in Hungary, held ii1.9The analysis of the goals and work of
the congress proves the practical, interest didecolicy oriented character of the
contemporary approach. It aimed at a territoriatupation that seems to repeat thd' 18
century situation in France. Later in the™26entury, big business and the academic
disciplinary interests strengthened the esserttigisroaches of chemistry in Hungary.
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BETWEEN PHYSICS AND CHEMISTRY: ARTIFICIAL COLD AND THE
INSTITUT INTERNATIONAL DU FROID

Faidra Papanelopoulou and Terry Shinn
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Nineteenth-century interest in the liquefaction géses is traced back to Faraday’s
liquefaction of chlorine in 1823. However, the momportant landmarks of gas liquefaction
are situated in the period characterised by théicgipn of thermodynamics and chemical
theory and the elaboration of increasingly commexipment and skills. Louis P. Cailletet
(1832-1913), and Raul P. Pictet (1846-1926) ligeebfoxygen in 1877, Karol S. Olszewski
(1846-1915) and Zygmut von Wroblewski (1845-188&)uéfied nitrogen and carbon
monoxide in 1883, James Dewar (1842-1923) liquefigdrogen in 1898, and ultimately
Heike Kamerlingh Onnes (1853-1926) liquefied helium ir089These were both chemists
and physicists, who were employing both physicahtéques and chemical methods, and
were interested in using the low temperatures dokihg into the properties of matter, and
for extending their theoretical understanding ofsen properties. In the late " @entury
research in the low temperatures was not readllpetged as a distinct sub-field of physics.

In tandem with scientific research, the low tempaes and the various techniques of
liquefaction found their way into an expanding istty. Around the turn of the century,
scientists, engineers and industrialists who workad were interested in the domain of
artificial cold, became conscious of the need tibogganised, and affirm the emergence of a
very heterogeneous community that revolved arobedtoduction and use of artificial cold.
The organisation of the first International Congre$ Refrigeration in 1908, which gave
birth a year later to the International Associat@mnRefrigeration, is indicative of such a
pursuit. Kamerlingh Onnes was one of the main actovolved in the organisation of the
Congress, and one of the founding members of tlsedation. His unquestionable expertise
in the low temperatures that was further consaotidatith the liquefaction of helium, but also
his international spirit of collaboration rendet@th one of the prime movers in the emerging
community of low temperature physicists and theituisonalisation of the field of artificial
cold in general.

In this paper we would like to examine the par@étipn of chemists in the various sections of
the Association, from its day of inception until38 when the 7 international congress of
refrigeration took place in Hague. This field ispafrticular interest to historians of chemistry
on two counts: the multifarious activities of thestitute offer a privileged terrain for the
analysis of the changing disciplinary boundariesvbeen chemistry and other neighbouring
sciences — especially physics — as well as theysisabf the reciprocal interactions and
synergy between chemical research in the low teatpeys and the use of low-temperature
products and procedures in chemical industries.nglavith our examination of the 7
international congresses of refrigeration, andntioathly Bulletin of the Association, we will
carry out a bibliometric study on the leading acaideand engineering chemical journals
between 1885 and 1936 in order to determine theuatraf work related to low temperatures
carried out during different periods of time and tthanges in the objects and orientations of
research.
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The physical world in which we live is replete witimcromolecules. All biological systems

are composed of proteins and nucleic acids. Howetier conceptual world of the chemist

did not include such objects until recently. Theagyal acceptance of the macromolecular
paradigm dates from the 1930’s. The present paglemfs the development of the concept of
large molecules from antiquity to the Faraday Sgd#scussion in 1935 that established it
as a progressive research programme.

In spite of occasional referencesaopog in Greek literature, the dominant perspective for
most of modern human history has been that of édtest the physical world is composed of
mixtures of intrinsically continuous substancesisTgaradigm is still the most useful one for
much of industrial chemistry. However, liquids dam separated into “droplets” and solids
can be divided into “grains.” Philosophical refiecis on the actual limits of division formed

an important thread in the history of chemistry.

The rise of the “mechanical philosophy” broughtpescles back into the discussion. Since
many solutions of solids in liquids appear homogeise even in a powerful microscope,
Dalton concluded that the basic particles of mattest be very small. He also speculated
that these basic objects could best be understsodistrete aggregates of elementary
particles known as “atoms.” What was missing wag explanation for why the “atoms”
should aggregate in the first place. Berzelius wasressed with the strength of electrical
attraction between opposite charges and propos¢dpblymers” could be formed by groups
of charged “atoms.”

The notion of covalent assemblies of atoms madeeady progress during the " 8entury,
but Kekule, van 't Hoff and Wurtz produced extemsivorks on such species. Since they
clearly understood the concepts of polyvalent “ant might be supposed that the notion
of covalent macromolecules would have been warmillgraced by these chemists. But, there
were grave doubts about the chemical stabilityushsspecies. Even Perrin was skeptical of
the existence of genuine macromolecules.

Gradually the number of synthetic polymers incrda3éne measured molecular weight for
these molecules was large, but physical chemists n@at yet ready to accept the existence of
covalent macromolecules. These large objects wietarpd as colloidal aggregates. One of
the cradles of polymer science was colloid sciesrege macromolecules in solution exhibit
all the properties of colloids and most of the lagdphysical chemists were interested in
colloids. One of the major distinguishing featuoédinear macromolecules in solution is the
enormous increase in solution viscosity at very lmlume fractions of polymer. Staudinger
appealed to this observation as conclusive prooftHie existence of macromolecules, but
serious errors in his understanding of both sohgtiand viscosity undermined the persuasive
force of his arguments, even for those who mighhentise have believed in
macromolecules.

The preparation of crystalline polymers further ptinated the picture. The unit cell was

observed to be quite small. Only when Polanyi aratk\solved this riddle was it possible to
consistently argue that long covalent chains wdre molecular species involved in
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crystalline and dissolved macromolecules. After Haaday Discussion of 1932 a large
group of chemists committed themselves to the stfdynacromolecules. Both synthetic
chemists (Carothers) and physical chemists(MarkhriKiDebye, Flory) collaborated in the
rapid growth of understanding of these chemicatigse By the time of the 1935 Faraday
Discussion, the macromolecular paradigm was firestablished.
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Before the Second World War the chemists in thedMocountries mainly wrote their
scientific papers in German and published themem@an journals. In addition each country
had their national chemistry journals for papersnigawritten in their native language. A
network of Scandinavian chemists was well estabtisiThe & Nordic Chemists Meeting
was held in Copenhagen in July 1939 (360 partidgarthe 4 in Oslo in June 1932 (285
participants).

After the war many Scandinavian chemists wantedrite and publish their work in English,
but the number of available journals without resions was limited. In Norway professor
N.A. Sgrensen (1909-87) at NTH in Trondheim tookramative in the summer of 1945 and
in Denmark similar ideas were discussed in the fafter some negotiations between the
chemical societies in each country Acta Chemican@icavica (ACTA) was founded at a
meeting in Copenhagen November 20-21 1946. The INabeeate of 1945 Artturi Virtanen
summed it up:Our hope and firm conviction is that this decismrl promote chemical
research in the Nordic countries and give the @sthe world a focused impression of the
basic research in chemistry in Scandinaviehe owners of ACTA were the chemical
societies in Denmark (Kemisk Forening and Selskaoet analytisk Kemi), Finland,
(Soumalaisten Kemistien Seura and Finska Kemistsaaet), Norway (Norsk Kjemisk
Selskap) and Sweden (Kemistsamfundet). The owrnenshs divided equally among the
societies. However, the expenses should be divideoing the owners based on the relative
number of pages published from each country. Theng should publish papers on basic
research in chemistry on an international leveEmglish, French or German. The authors
should be Scandinavian chemists (included Icelasal foreign chemists working in
Scandinavian laboratories.

The first number was published in January of 194d antil 1974 ten issues were published
in each volume. The editors from each country is pgeriod are given in the table below.
Karl Myrbéack, professor of biochemistry in Stockimol was the editor-in-chief. The
reputation of the journal grew with the years amel hiumber of subscribers increased slowly,
but the economy in the first thirty years was alsvéil, and at times the chemical societies
needed external support to cover the publishingeses.

ACTA was built on a network of Scandinavian protessof chemistry nourished by the
Nordic Chemists Meetings. In 2000 the journal mdrgéath the corresponding journals
published by the Royal Chemical Society in Londinthis talk | will concentrate on the
background of the foundation of the journal in 1246l not on the end.

Demark 1947-62 Jens Anton Christiansen
1963-73 Carl Johan Ballhausen
Finland 1947-66 Artturi llmari Virtanen
1967 Eero Tommila
1968-73 Heikki Soumalainen
Norway 1947-56 Odd Hassel
1957-65 Olav Foss
1966-68 Alf Wickstrom
1969-73 Olav Notevarp
Sweden 1947-73 Karl Myrback
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ALCHEMICAL VERSUS CHEMICAL USE OF DISTILLATION TECHNIQUES AND
MATERIALS: MUTUAL INFLUENCE AND DIVERGENT DEVELOPME  NTS.
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Recent scholarship on alchemical experimental mextelonging to Renaissance and Early
Modern Europe has revealed unexpected quantitappeoaches followed by contemporary
alchemists in their laboratory wotkHowever, alchemy is still being reported as more
connected with religion and occult practices thathwrue sciencé,in spite of the well
documented “relationship of alchemy to the purstiihatural knowledge”, in Prof. Moran’s
words? According to that view, it is generally acknowledgthat only laboratory techniques
and equipment invented by the alchemists are wafrttonsidering for the development of
chemistry, and this distinction applies particytaid distillation procedures and glassware.
However, and surprisingly, these technical inn@mragiare frequently considered by scholars
possessing some technical background with no me¢erto the alchemical context for which
they were formerly developed, and hence they arengdly and unreservedly attached to
incipient chemical knowledge. On the other handd apposite to this view, it is not
uncommon to find in the literature of the field waftical attributions of a supposedly
alchemical meaning to any prior W @entury work that deals with distillation, partiatly if
iconographic material is included. In both casé® purposes for which the distillation
procedures were originally used in the correspandiark remain overshadowed, precluding
in this way a proper evaluation of either its aloieal or chemical relevance. Therefore, both
approaches have distorted the correct appreciatfomany documents relevant for the
history of chemistry.

Placing distillation techniques in the right cortaxght transform itself in a powerful tool, a

sort of Ariadna’s thread to distinguish betweennsival and alchemical practices before the
18th century, and would improve our knowledge o @ichemical heritage of modern

chemistry.

In this work several examples will be provided how the specificity of the alchemical use
of distillation techniques, how these techniquesavexperiencing a progressive transference
process to metallurgical and pharmaceutical fielddjile, interestingly, theoretical
approaches borrowed from alchemy were to survidg imthe latter. In this way, in 16
century distillation of strong acids for metallurgi use was already seen as no more than a
technical operation, while the same equipment, does, glassware and materials were
operated for the preparation of chemical remediesphilosophical context still impregnated
of alchemical legacy.

1 Ww. R. Newman, L. M. Principélchemy Tried in the FiréChicago: The University Chicago Press, 2002).
2W. B. Jensen. “The 2005 Edelstein award paper. bextband the future of the history of chemistnaas
academic discipline’Bull. Hist. Chem31(2006) 1-8.

’B.T. Moran.Distilling Knowledge. Alchemy, Chemistry, and the &die Revolution(Cambridge: Harvard
University Press, 2005), p. 9.
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The last two decades of tlamcien régimesaw a rapid growth in the number of chemistry
courses being offered in Paris. By the late 178@set were about twenty-five, given in
public institutions or taught privately, some fi@®d others charging a fee, and they attracted
audiences that ranged from several hundreds tortégwer. Some were open to all-comers,
while others were restricted to particular groupstadents or to a group of friends. It has
been widely recognized that such courses were aetatrthe continuing popularisation of
chemistry, but they played an equally importanerol the development of a large and
dynamic community of chemical practitioners in BaHowever, the dominant approach that
historians have adopted to studying the ChemicabReé&on has led to an almost exclusive
focus on the relatively small group of chemistsrifpg@s 20) in and around the Académie
Royale des Sciences who were directly involved andisier’s campaign. Consequently, the
wider Parisian community of between 150 and 200rasis has been ignored.

This paper will present a typology of these coues&s survey their professors, audiences and
finances, and compare them with the parallel grasftbourses in the provinces. It will then
explore their role in the development of the Parnsthemical community through:

1. the career opportunities they provided;

2. the networks of connection and patronage that gygaround them;

3 the opportunities they presented for building autapon, creating a public
image, publicising discoveries and engaging in abahdisputes;

4. the material circumstances they provided for cotidgaesearch.

The paper will conclude by exploring the role thia¢ courses, and the wider chemical
community they supported, played in the ChemicaldReion.
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HOMBERG’S CHEMISTRY: A CERTAIN TRUTH IN A DISPUTABL E PHYSICS

Luc Peterschmitt
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This paper aims to provide a detailed account ahblkerg’s definition of chemistry as given
in the first part of his “Essays de chimie”, pubksl in 1702 in the Mémoires de I'Académie
Royale des Sciences. We show that his definitioreris the relative status traditionally
assigned to chemistry and physics, allowing Homberfpund chemistry as a science in its
own right. For Homberg, chemistry alone is true,evdas physical explanation, though
plausible, remains subject to debate. Neverthelest#e course of his chemical writings,
Homberg does not hesitate to make use of physiaatiples, even if they are dismissed as
such, in order to account for purely chemical plmewa. The paradox is resolved by
claiming that the use of physical principles amsutat providing an intelligible model for
chemical phenomena which would seem to be incoab&v(e.g. Homberg's 1705 claim to
have transformed mercury into gold). If such a gmeenon can be physically accounted for
(i.e. using figures and movements of corpuscléen tve can be certain that it is real, and not
an experimental illusion. The inversion of statsishien achieved: the question of whether or
not physics is true is moot, because the only aelet science of matter is chemistry.
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In the 18th century the metallurgy of gold and esilusing ores either rich or poor in such
metals received a strong impulse from chemistryenubal techniques "invaded" a field
where the physical ones prevailed.

That was of the up most importance to the Portugugswn because the use of such
techniques meant the immediate improvement of temllargy (extraction and purification)
of the gold exploited in colonial Brazil and cowdtso eventually be used in obtaining silver
that was thought to exist in abundance in the gglas in the case of Spanish America.

Chemical techniques applied in the course of thalgamation and the fusion methods were
described in more or less detail in books and mesmpublished in Portugal and abroad,
written by several authors, namely: Vicente C. $2gb1764 - 1804) and Manuel F. da
Camara (~1762 - 1835), both born in Brazil, thetiRprese Manuel J. Barjona (1760 - 1831)
and Joaquim F. Sequeira (? - 1833), and the ltdhamenico Vandelli (1734-1816). Brief
descriptions of such techniques are describedeptbsent paper.

Apart from that, the Portuguese crown was happeaeiving from different parts of Europe
technical reports about such procedures, becomimwhied in a kind of "industrial
espionage", as well as forbidding books where siesgtriptions were made, as in the case of
the Italian Jesuit A. J. Antonil who wrote about imalgamation of silver.
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In 1920 Hermann Staudinger, then professor at thligeBdssische Hochschule Zirich
postulated the existance of what he called longnohalecules or polymers. The scientific
community was very reluctant to accept his viewsmBus chemists like Paul Karrer (in
1920) and Heinrich Wieland (in 1927), both laterbiliprize winners in chemistry thought
that there was a limit for the size of organic neales around molecular weights of 5000.
Apparently larger molecules should be micelles raegates of smaller units. Also Hermann
Mark initially believed that the small unit cell dod by x-ray crystallography was an
indication for the micellar theory. In 1926 RichawWlillstatter organized a meeting in
Dusseldorf where Staudinger (who became directah®fchemistry department at Freiburg
in this year) and his opponents explained theiitjpos. After the opponents, who came from
organic chemistry, had presented their views of rtheellar theory, the physical chemist
Mark told that his results with x-ray crystalloghgpcould not decide the question, but show
that long chains could exist. In 1928 Mark and KdrtMeyer at the BASF found results that
supported Staudinger’s macromolecules. Also thd& wbYVallace H. Carothers at the end of
the 1920s showed that macromolecules really exisStdudinger believed that these
macromolecules were stiff rods. Mark and Meyer tashed they were statistical coils. This
view was settled by the theoretical work of WerKehn starting in 1934. Paul J. Flory who
became a coworker of Carothers in 1934 continuedraproved Kuhn’s theory in the 1940s.
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THEORIES IN THE EVOLUTION OF CHEMICAL EQUILIBRIUM:
IMPLICATIONS FOR ITS TEACHING AND LEARNING
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Among science education researchbese is an emergent consensus about the incoiqorat
of a sound treatment of the history and philosophgcience (HPS) into the curriculdrgl).

A necessary initial condition for an effective omduction of the HPS in the science
curriculum implies the elaboration of available w®that teachers may find helpful in the
reconstruction of some essential concepts. Thisempaleals with chemical equilibrium
reactions.

Despite the fact that ‘affinity’ was the key contdpr the development of the chemical
equilibrium idea during the last quarter of thé"t@ntury and 19 century, the concept was
not given a precise definitionTo its vague and ambiguous meanings we must add it
polysemy? This study is divided into two main related parstly, a brief historical
reconstruction will present the role of theoriescbemical equilibria that evolved around
different research programs concerning the atteraptsieasuring chemical affinities; and
secondly, this previous historical research sea®s base for suggesting an appropriate
sequencing of the teaching and learning of cheneigallibrium.

This communication will search for the theoretiogdlounds of four basic chemical
equilibrium concepts: ‘incomplete reaction,’” ‘res#ility.” ‘equilibrium constant,’ and
‘molecular dynamics’. That is, we will discuss heaientists tried to determine the factors
affecting affinity and how they tried to measurestproperty of chemicals, all of which led
eventually to both mathematical reasoning and nutdeaynamics as key theoretical tools in
the explanations given to equilibrium reactions.eThtarting point of this historical
reconstruction will be the state of the art in twnstruction of the first affinity tables.
Berthollet reworked this first theory, consideritigt the amount of the substances involved
in a reaction was a key factor accounting for thensical forces. Guldberg and Waage
attempted to measure those forces, formulatingfitise affinity mathematical equations.
Afterwards, the first ideas providing a moleculaterpretation of the macroscopic properties
of equilibrium reactions will be presented. Evetlijyatheoretical chemists integrated
previous findings into a new field: thermodynantics.

Finally, this study tries to go beyond the develepinof teachers’ conceptions of the nature
of chemistry, for not only does it focus on thettig and philosophy of chemical
equilibrium, but also it gives suggestions aboutwheeachers may translate such
understandings into classroom practice.

M. Matthews,ScienceTeaching.. The Role of History and Philosophy éé18®,Routledge, London, 1994.
2 M. Goupil, Du Flou au Clair? Histoire de 'Affinité Chimiqu&€THS, Paris, 1991.
M. G. Kim, Affinity, That Elusive DreanThe MIT Press, Cambridge, MA, 2003.

4 R.S. Root-BernsteiriThe lonists: Founding Physical Chemistry, 1872-1820D Thesis, Princeton University,
1980.
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It is common to find authors of alchemical tract®ldng to demonstrate the credibility of
their works by appropriating the wisdom of theirtlaoritative predecessors, while
condemning the practices of ‘false’ alchemists. 8wmmes, however, respected authorities
appear to disagree, both with one another and wiltler texts attributed to them. The
mineral-based alchemical philosophy of Bpeculum Alchemiaa fourteenth century text
attributed to Roger Bacon, for instance, directintcadicts that found in Bacon’s thirteenth-
century writings. Later authors, aware of such koisf at times struggled to reconcile
contradictions between their authorities, adop&mange of rhetorical strategies to “save the
phenomena” of transmutation and a unified alchenhtradition.

One example is the English alchemist George Riftel415-1490), Canon of Bridlington,
renowned for his popularisation of the works ofysk®Ramon Lull, but also an admirer of
other alchemists, including Guido de Montanor. B8 attempt to reconcile his favourite
authors takes different forms, ranging from a sosth discussion in th€oncordantiae
Guidonis et Raimundfa Latin prose work) to more discreet strategrethe Compound of
Alchemy(an alchemical poem written in English, and appédyatirected to a royal patron).
Ripley was himself to become an established authdris own works — and those attributed
to him — recycled and reinterpreted throughoutdixéeenth and seventeenth centuries. This
paper will examine Ripley’s role, as both authod &ubject, in the search for consensus
among “the Philosophers,” and the degree to whiadh ®fforts helped assert the validity of
alchemy as a discipline.
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In the twentieth century, more and more chemispdiegh research techniques with origins in
physics to their research. Seeking a contrast frlegr own tools of the trade, chemists
named them physical methods. This notion carriedradle of mixed meanings, among them
a perceived superiority of the “more fundamentascipline and the attractiveness of high-
technology in an age of electronics. But it alsonfoto the “otherness” of physics with

respect to the loss of a chemist's identity whemphapg the instrumentation of the

neighbouring discipline.

In my talk, | will explore some perceptions of plogd methods in chemistry, leading from
opposition to embracement, and ranging from attenptstrip away physical meaning to
endeavours of using methods as carriers of con@dstheories. In the outcome, so my
argument, some chemists saw their fortunes in usegimage of physics and high-

technology for the distribution of research methdasilding up a community of method

makers that did not just cross the boundaries endii@ physical sciences, but of the life
sciences and medicine as well.
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At scientific meetings and academic jubilees, rissaihd achievements are always praised but
responsibility is seldom discussed. Nevertheless, kwow that to be a sound scientist
requires more than being able to deliver reseaeshlts and to teach the subject. In this
respect also history of Science has to be more tiamescription of facts from yesterday.
Especially those of us located in central Europeukhknow something about the traps of
over-emphasising scientific achievements [1-3].tZ~dHaber [4], Adolf Butenandt [3],
Richard Kuhn [5] and even Hermann Staudinger [6]rastorically interesting scientists, and
they were active in politically extremely difficuitnes.

Although the autonomy of our universities in Eurapeno longer endangered in a political
sense, they exist today in a turbulent atmospliireen by absurd saving plans, sometimes
bizarre elitism and influenced by evaluation garaed over-bureaucracy. And there is one
more problem, surely at the heart of the matters Wifficult for our universities to avoid
being pulled into the nowadays only profit-drivgmesulations of the overdeveloped Neo-
liberalism (Milton Friedman, Nobel Prize for Econgin 1976) with the sometimes brutally
acting stock market as its accomplice. The “absobpgen-market economy” and “laissez-
faire capitalism” regard research and responsjbihly as a money oriented short term
amusement for our Fun-Society [7]. Certainly contjmet and world-wide activities do
change our local situations. But many negative ecoa developments [8-10] cannot simply
be justified by the slogan of globalization [11] {20seph Stiglitz, Nobel Prize for Economy
in 2001).

What is the intrinsic value and meaning of knowkseigrhis question is nowadays often
replaced by the question of what type of knowledgewe need to fulfil predetermined
functions. This increasing misuse of Science —itsetransformation to mainly develop and
support technology often for purely stock markdeek — threatens to destroy its critical,
purely truth-oriented function. The increasing ocection between KNOWLEDGE and
INTEREST - first discussed socio-critically by t@rman philosopher Jirgen Habermas
[13, 14] — seems to have become the norm to suchxtemt that the value of Science is
endangered to vanish in goals and reasons defumstle science: “Truth is what is useful”.
Does this not demand a response from our univessatind research institutions?

Where is all this taking us? We are in a transistate: In Europe we are under pressure to
restructure our shaking Industrial Societies intooledge Based Societies! Because we
cannot keep the basic industrial production in aaveloped countries, knowledge,
originality, and richness of ideas are more in desnthen ever for further developments.
Thus, we need a science education system that les tabnurture creativity, and an
uncomplicated fast and open exchange of scierdifit technological aspects with industry.
We cannot allow our universities to be instrumengal: Neither politically — as in the Third
Reich — nor now political-economically, e.g. by iSsez-faire capitalism”. We are all
responsible together for what is to come [15].

What is to come? “The best way to predict the fitig to invent it” [16]: Independent
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universities and research institution are a pras#gu for the education of creative,
courageous, non-aligned scientists, willing to atdeeir responsibility as citizens and as
professionals [17].
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On the one hand, Wilhelm Ostwald is renowned far ‘l@nergetical” and anti-atomistic
attitudes. On the other he has been honoured Wwi&hNibbel Prize in 1909 for his pioneer
work on catalysis, and he was the inventor of modenic theory (together with van 't Hoff
and Arrhenius). Both catalysis and ions are stypoghnected to an atomistic world picture
in a modern chemistry. As to the on-going philosoph disputes about the correct
interpretation of the term “pure chemical substantces intriguing which position the anti-
atomist but “lonist” Ostwald took.

As main historical source for this investigatioshall use the chapter Xl, which is the last
chapter, of the most fundamental non-atomistic af anti-atomistic treatise within 20th
century chemistry, the “Prinzipien der Chemie” fra®07. Surprisingly, this programmatic
“introduction to all chemistry textbooks” is onlarely referred to in the history and
philosophy of chemistry. In that chapter “Die lohe@®stwald says that some soluble salts
seem to be one pure substance (“Stoff”) in solatestand two different substances in
solution. These two constituents are the “catiard the “anion” (both in the singular). These
ions are of equal chemical composition but of défe energetic value with the respective
elements: thus they are “electrolytic” isomers adow to Ostwald’s approach (p. 518). The
original salt has no impact on the chemical behaviof the cation or anion. Thus, the
phenomenalistic substance definition holds at lat#tat level of investigation. According to
Ostwald, there is no need of “hypothetic” atomisticguage. Consequently, he makes no use
of atomistic vocabulary throughout the “PrinzipieMoreover, Ostwald demonstrates that
Faraday’s law can be applied without atomic hymitheind he shows that the phase rule is
applicable when electro neutrality is taken intocamt.

Hence, it can be shown that up to a certain de@swald’s phenomenalistic, non-atomistic
concept is able to grasp fundamental chemical phena. Although his collaboration with
Arrhenius regarding electrolytic dissociation ands fell into what may be called his early
“atomistic” period (<1892), he held his point ofew until the end of his active career as
chemist (supposedly beyond that). And, he evenieghphis view to the theory of chemical
ions. It is doubtful, anyway, whether or not Ostvapposed the atomic theory of matter (as
Brock has put it) rather than the atomic theorglamical substances.
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The 19th century is widely considered the most irtgpd period of modern discipline
formation. The establishment of research universiéind the upgrading of the philosophical
faculties -- on par with the faculties of theologyedicine, and law -- provided an important
social context in which the identities of the mamentific disciplines were shaped still for
much of the 20th-century. In this paper | analyperffactors that contributed to the
formation of the disciplinary identity of chemistriocused on synthetic organic chemistry
and oriented toward what we today would call tedorence. The first one is chemistry’s
disciplinary academic origin in the faculties of die@ne that continued to be influential
during the 19th century, although chemistry departisimoved to or were newly established
in the philosophical faculties.

| argue that the traditional link to medicine ergabthe rapid growth of what soon came to be
known as organic chemistry. The second factorespirallel formation of other disciplines
from which chemistry needed to distinguish itselfl among which | will particularly look at
the formation of modern physics. | argue that tiseigline of modern physics emerged quite
late both by assuming specific research fields pinaviously belonged to other disciplines,
including mathematics and chemistry, and by assgrthe role of being fundamental to all
the other sciences, both of which had a profourhthon the research questions at the core
of the disciplinary identity of chemistry. As atthifactor | consider internal developments of
chemistry from the late 18th to the mid-19th ceyntétgainst the background of the classical
methodological pair of analysis and synthesis,guarthat the early emphasis on analysis
turned into a strong emphasis of synthesis. Aké¢hiactors shaped the disciplinary identity
of chemistry in such a way that synthetic orgareristry became the lead area in the
second half of the 19th-century, which was evehtuedinforced by a forth factor, the
emergence of the dye-stuff and pharmaceutical imgss | conclude with some remarks on
how this still influential disciplinary profile hasontributed to the public image of chemistry,
its scientific status, and remoteness from philbgop
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At the 8" International Conference on History of Chemisggtpril/Lisbon, September 2005)
we have presented a poster under the title “Dolkymw Mr. Stinville?” (unfortunately not
graphically reproduced in the text edited in resipecproceedings, pages 569 to 578) in
which we reported the state of the affairs in cemrsh of biographic data about Auguste
Lucien Stinville (1868 — 1949), a French chemisi angineer that was called to Portugal to
establish in Barreiro, near Lisbon, a century agaemarkable chemical complex for the
production of fertilizers, acids and other inorgaclhemicals, with an European size.

In the meantime this quest has notably progresseldwae could establish the profile and
recognize some of the major projects in chargetioivlle, with an analysis of his practical
formation, knowledge and capability to carry onestimeaningful achievements, such as the
sulphuric acid and phosphate fertilizer plants @nfieur and LaPalice in France, to the
Compagnie du Guano-Phosphate, both erected imsthgéars of the XIX century, as well as
projects in the “city gas” ring around Paris andhe diffusion and application in Europe,
after | World War, of the electrostatic precipitesavith Cottrell-technology.

His engagement by industrial entrepreneurs outSrdace demonstrates well the industrial
opportunities opened to peripheral European caesittike Portugal, to establish their own
industrial chemical centres similar to those of €anEurope and typifies the relations with
independent consultants and know-how providersterestablishment from grass-roots of
competitive industrial chemical complexes with greged facilities and utilities and using as
much as possible locally available raw materidishat time.

The biographic elements collected about AugusteidrucStinville also refer a vivid
personality, that has met, in his life, strong elcters like Jules Lefebvre, the PDG of Guano-
Phosphate, Alfredo da Silva (1871-1942), the Paresg industrial tycoon that established
the CUF Group, the French minister Louis Louch&7¢t1931), known as “an engineer, a
statesman and a modernizer of France”, and prosigkable answers to the questions we
have raised in the mentioned poster and related ow, we may say that “we know Mr.
Stinville”.
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An example of the evolving identity of chemistrydathe chemical profession can be found in
the changing activities of the chemical consuliarthe United Kingdom, particularly in the
period leading up to the First World War. To earlivang, consultants typically took on a
number of roles including general analytical wagkyernment appointments such as public
analysts and industrial consultancy. This lattée mvolved performing process and product
control, advising on chemical practice, and undémgresearch.However during the period
1870-1914, the territories occupied by the chemmahsultant changed as professional
borders evolved. Initially the chemical consultambrked independently in his own
laboratory providing expertise on various chemgpadstions for a range of customers. By the
end of the period, the specific expertise requbgdjovernmental and industrial laboratories
was beginning to be provided by in-house employeather by than independent
practitioners.

A guantitative examination of these changes ingssibnal borders will be undertaken using
the Open University’s “Biographical Database of British Chemical Community” which
contains data on around 10,000 chenfisisatistics will be presented on the percentage of
chemists working as independent consultants, ablitg the type of work they were
undertaking, and how this changed over time. Thergxof multi-sector working will be
examined and case studies will be used to illustnatv the diversity of work undertaken by
consultants reflected the flexibility of chemic#ils. Furthermore, by studying consultants’
educational background and their membership ofiBpaetiemical societies, an insight will
be given into how the professional boundaries withihich they were working were shifting.

Through focusing on one group of chemical pracigis, this paper will explore whether
consulting chemists in the period 1870-1914 werekimg in a transitional territory, both in
terms of employment location and disciplinary fachefore in-house research came to be
widely adopted. As chemistry’s identity evolvede tdynamic and versatile contributions
made by consultants to the economy were transfarmed

! David Edgerton and Sally Horrocks, “British IndistrResearch and Development before 1945bnomic
History Review 47 (1994), 213-38; James Donnelly, “Structural dtmmns for Chemists in the British Alkali
Industry, 1850-1910,” in Ernst Homburg, Anthony Vimand Harm Schroter (edsThe Chemical Industry in
Europe, 1850-1914: Industrial Growth, Pollution amdofessionalization(Dordrecht: Kluwer, 1998), 203-19;
Robin L. Mackie and Gerrylynn K. Roberts, “Career &at$ in the British Chemical Profession during the
Twentieth Century,” in David Mitch, John Brown and ida van Leeuwen (edsQrigins of the Modern Career
(Aldershot: Ashgate, 2004), 317-36.

2 Robin L. Mackie and Gerrylynn K. Roberts, “Biograpii©atabase of the British Chemical Community, 1880-
1970,” http://www.open.ac.uk/ou5/Arts/chemists/
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In 2005, | publishedChemistry, Pharmacy and Revolution in France, 12803 which
dealt with the relationship between pharmacy anehtbtry in France at the time of the
French Revolution. In particular, my aim was to lexp the chemical revolution associated
with the name of Antoine-Laurent Lavoisier from therspective of pharmacy. | propose to
start this presentation by briefly outlining my siethat the separation of chemistry from
pharmacy should be considered a constitutive eleofaihis scientific revolution. Indeed, in
order to comprehend the nature of modern chemisty, need to understand how it
succeeded in establishing an identity independent the ‘chemical arts’. This introduction
will serve as a prelude to a critical assessmenthef limits to this approach. Since
completing this research, | have reflected on tlguraents | make in the book and their
situation in the context of the history of chemyisand the history of science more generally. |
will underline the theoretical principles behindethpproach | adopted, and what | would
defend as the most important lessons it can bortgé history of science. Finally, | want to
indicate the limits of this kind of approach, pamtarly in terms of understanding the
continuity of ‘philosophical chemistry’ and the tusy of the integration of chemistry into the
burgeoning nineteenth-century educational systemes@& reflections will open up onto the
subject of chemistry’s place in the industrializedrld, and will also introduce the question
of the extent to which the exceptional, revolutignhistory of France can legitimately be
translated into other national contexts.
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What does it mean to be a physician in the earRcihtury, if you are also a chemist? Stahl
and Leibniz illustrate two types of answers to tiestion. The debate between the two took
place against the background of contemporary atetopubsume medicine under chemistry
and mechanics.

This paper analyzes the debate between Stahl abdiz®ver the relation of chemistry and
medicine, and theory and practice. For Stahl, chEypnand medicine had an identical basis,
although their roles were opposites: the mixt, coumgl bodies and aggregates, and the
processes leading to their formation, provided twomceptual foundations opositive
chemical interpretation of matter, but also prodidenegativekey to the understanding of
organic substances. Stahl felt that there existedlious difference between long-lasting
bodies and others whose quick disintegration putéschemist into difficulty. The realm of
living things was, in his eyes, characterized bynplex structures that managed to resist
corruption for a considerable time, while quicklysidtegrating if separated from their
“principle”. For Stahl, medicine cannot be basedttos longevity characteristic of chemical
bodies, but needs to focus on that type of longetiat depends on the integration of a thing
into the larger “compound” of an “organic body”. diag such “organic bodies”, Stahl
believes, the chemist must cede to the represeamtaif a different science, which
investigates the larger organic body and its abitd endow its sub-parts with forces
counteracting corruption. This type of higher oingahon, which is life, transcends
chemistry!

Leibniz could not accept Stahl’s ontological distion between the mixt and the living. For
him, the difference was not categorical, but oneghef degree of organization. Nor did he
share Stahl's characterization of the nature oftenatself. Unlike the latter's atoms whose
combinations were brought about by repulsive atihéettve “forces”, Leibniz’ matter was
infinitely divisible and inherently dynamic. In tldebate between Leibniz and Stahl, the key
question became whether one had to investigatedifiterences between movements and
effects (Leibniz), or instead into that type of rament that succeeded in protecting an
organized “body” against the effect of a naturaroical or atomic “disagreement” (Stahl).

Leibniz and Stahl did not reach any agreement.ebdied up insulting each other. Yet, the
stakes were high. Was the practice of science téideibwards generalization or increasing
specialization? Should the framework be theoret{¢tdis must be like that”) or rather
practical (“this will be operative”)? The Leibninianotto, “for the sake of reason, this must
be,” and his integration of medicine into chemisrnyd metaphysics displeased Stahl, who
dubbed Leibniz a “grammarian” because of his maniopophical subtleties.

My lecture shall end with some words about the ifitance of this debate for the emergent
status of chemistry between a general natural phylby and a study of life.
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In 1913 the strategy afynamic biochemistrgs a new interdisciplinary science was outlined
by the Cambridge biochemist F.G. Hopkins. Hopkipsbgram influenced biochemistry
development in Europe for the forty years to co@ee of its main consequences became
focus on chemical approaches in solving biologimadblems and increasing attention of
chemists to living matter, especially the cell. 9triend culminated in the 1960s and 1970s in
the formation of molecular biology. The road fromgndmic biochemistry to molecular
biology was paved by a number of interdisciplinéistds, in the first place by chemical
microbiology. In compliance with Hopkins’ programraeemical research into the microbial
cell was pursued since the 1920s by a group ohssie led by Hopkins’s pupil Marjory
Stephenson (1885-1948). The institutional basehef team became a newly constituted
research unit in chemical microbiology of the MadliResearch Council in Cambridge. The
laboratory focused on research into metabolic di&s/in microorganisms, especially the
actions of bacterial enzymes, with the chemicalnphgena in microorganisms investigated
as a model for better understanding cellular evemtgeneral — an approach later overtaken
by molecular biology. Research into hydrogen-atiingg enzymes and identification of
several new enzymes in the 1930s assured the tabpitzer high reputation both in Britain
and abroad. In 1930, Stephenson and Leonard Sittldescovered a new enzyme, formic
hydrogenlyase, produced by various coliform orgasisincluding Escherichia coli.
Experiments performed in the years 1932 to 193 Wadhn Yudkin and Ernest F. Gale
proved that this and several other enzymes aregidinE. coliand yeast as a direct response
of the enzymatic composition of the cell to thestdnents of the growth medium. Enzymatic
adaptation (later known as enzymatic induction) waen up by Jacques Monod in the
1940s to become a point of departure for the tleeast cellular regulatory mechanisms and
protein synthesis developed in the 1950s and 19B@=mctice oriented wartime projects
managed by Stephenson investigated strategicalppritant biotechnological production of
organic compounds and contributed to the fast azivahbiotechnology after WW?2.

The institutional and communication base of the rfemd chemical microbiology, also
known as general microbiology, became the Sociktyemeral Microbiology (1945) and the
Journal of General Microbiology (1947). Its programas formulated in Stephenson’s
monographBacterial Metabolism(1930, revised editions1939 and 1949) and in &etute
Levels of Microbiological Investigatioread at the inaugural meeting of the Society for
General Microbiology, where Stephenson presentstiagegic vision later fully realised by
molecular biology.
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At the end of the XIX century, technicians and entrepreneurs of the nRairopean
chemical industries thought necessary incorporate specialists to direct new factories,
whose scale and volume of production had increasguificantly. Chemical Engineering
was one of the new disciplines that slowly emerge&urope, especially in Great Britain
(Donnelly 1988). Different subjects and spaces gnaw other “Centre European” countries.
In France appeared the ‘Instituts Annexes de Seiefppliquées’, whose programs of
Industrial Chemistry were guided to the resolutodrpractical problems of local industries
(Nye 1986). The influence of organic chemical irtdpsn Germany determined the scale of
production and the relationship between chemistraadhanical engineers (Meyer-Thurow
1982). At the same time, assistant professors dudimial Chemistry in the German
Technischen Hochschulen claimed that techniciasggm@ed to inorganic industry had to
receive a specialised trainning. Meanwhile Germairrge Faculties incorporated Technical
Chemistry as a way to introduce chemist into thedywtand classification of chemical
processes and its products. Like some authorsfegesatly shown, when educational models
are introduced and appropriated in another coutitgy are influenced by local actors and
educational forces (Bertomeu-Sanchez, Garcia-Bel2@6). During the first quarter of the
XX™ century, several actors took actions to createcagiof specialist that were able to
direct chemical plants in Spain. This industry greignificantly due to the arrival of
European companies and to the massive installafieamall factories of chemical products
during the First World War. The Civil War truncateoime of these initiatives. Once the Civil
War was finished, a group of chemists very closdramaquism authorities tried that new
chemist, arisen from the faculty of Sciences of Nfdurned into the technicians able to
direct the national chemical industry that surviviedwar. At the same time industrial
engineers attempted modernize their educationadtipess in order to avoid the massive
arrival of chemist to industry (Toca 2006). Whatrevéhe models of trainings adopted in
Spain during these periods of the XX century? Wherewntheir protagonists? What
consequences did they have for the professionafspecialists? These questions will try to
answer in our communication.
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In the life of Hungarian universities the year 1880ught about radical alterations. The fall
of absolutism, the re-introduction of the mothargoe instead of German in training lead to
the appointment of new professors and, from 1867aamiversity reform. For education in
chemistry this meant that —upon the recommendabbnRedtenbacher, Bunsen and
Wertheim— then 25-year-old Kéaroly than was appairtead of the then only department of
chemistry. Science in Hungary in general, and cheynin particular, were lagging by about
50 years after western Europe. According to than:when | took over the department of the
royal Hungarian university, | took over a small otieal workshop, the lecture hall had 90
seats, and in the corridors a total of only 15 glatory] desks were installed... Soon it
turned out that the establishment of a new ingtitueeting the present demands of science
could not be delayed any more without jeopardizimg success of education. As it is, from
the year 1860 on the number of chemistry studemdstiinees increased fortunately to such
an extent that the number of the first ones suggh890 and that of the latter 50Than
urged the establishing a new chemistry buildingam as from 1863 on.

The plans of a new chemistry building were includedhe objectives of the university
reform started in 1867. The monarch approved aibéishing the new building on may 29,
18672 Karoly than was sent on a study trip for visitimpdern institutes of chemistry, and
for collecting data and advice for the establishihn@rthe new building. Building started in
1868, and in autumn 1871 education could be stamted After Than's death in 1908 his
department was divided in two parts, and the bogldias enlarged by a new wing as soon as
in 1909° The paper is dealing with Than’s study trip, theumnd-plans and the equipment of
the institutions used as models, and describeréee arrangement and equipment of the then
famously modern and exemplary building erectechenthen botanical garden. This building
served as examples to the establishment of the istrgnmstitutes of Rome, Birmingham,
Graz, Aachen and Boston.

The paper is going to deal with the increase innim@ber of the departments of chemistry,
and the reflection of the delimitations — accordingspecialities — in the equipment of the
building. For chemistry, the ZIcentury constructed a new palace at the other cfidhe
Danube, where even the smallest lecture hall ckh3@D persons.

1 Kéaroly Than: Akadémiai Ertesit1871, p. 215.

2 Imre Szentpétery: A kirdlyi magyar Pazmany Pétendoianyegyetem torténete. IV. kotet. A
bdlcsészettudomanyi kar torténete 1635-1935. (Hisdbb the Royal Hungarian University of Sciences rRaay
Péter. Vol. IV. History of the Faculty of Philosgph635-1935). Budapest, Kiralyi Magyar Egyetemi Nytamp.
480-481.

3 Ibid., p. 562.
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The first editorial inIndustrial & Engineering Chemistryfor 1934 asserted that “the
importance of the discovery and preparation ofislsope of hydrogen, named ‘deuterium,’
may be far greater than that of most element&dins certain that in years to come it will be
ranked among the great discoveries in scien&”N. Lewis speculated that “it [deuterium]
will be so different from common hydrogen that iillwbe regarded almost as a new
element” Deuterium was discovered by Urey and coworkerd 9822 about 200 papers
concerning deuterium were published in 1934 aldfed.historians of chemistry have given
little attention to deuterium or other stable igs, instead focusing almost exclusively on
radioisotopes and radioactivity. Not only are stabbtopes of inherent interest; their history
also shows the role of experimental practices amtures in defining and blurring the
boundaries between chemistry, physics and biocligmiIwo concerns dominate any
experimental work with isotopes — detection andngjtetion. Stable isotopes lack the
radiation “signature” of radioisotopes. For chesyishowever, the traditional elemental
signature had been atomic weight, which after ikeavery of isotopy had been replaced by
nuclidic mass. Chemists’ rapid embrace of deuterifiom various uses shortly after its
discovery undoubtedly owed much to their abilityttack and measure it by employing
familiar techniques —degradation, combustion, ardsily measurements on the product,
partially deuterated water. Furthermore, chemigtsts on mass, in the context of the newly
guantized molecular ball-and-stick model, revedates kinetic isotope effect as a powerful
tool for mechanistic studies.

By contrast, physicists were more interested ingarccharge and spin. Their studies of these
properties, carried out under high vacuum with #ie of electric and magnetic fields,
resulted in the construction of prototypes of th@sm spectrometer. However, these
technologies were alien to most chemists in theD4%hd 40s and, furthermore, were not
then applicable to chemically interesting molecubeseven to deuterated water. The gap
between chemists’ and physicists’ approaches tokitrg and assaying deuterium was
bridged by a small cadre of biochemists who wepeaus to utilize the isotope’s potential in
metabolism studies. The biochemists generally shéne chemists’ outlook but had the
additional constraint of small sample size. Theyisi several successful microanalytical
techniques, including one in which the partialljutbzated water was equilibrated with H
and the gas then analyzed mass spectrometric@¥entually, chemists adopted not only
mass spectrometry, but spin-based nuclear magresiimance as well. Ironically, the initial
role of deuterium in NMR was a negative one — igmi§icance lay not in its being “heavy
hydrogen” but rather in its being “invisible hydesg.

1 H. E. Howe, “The Editor's Pagelndustrial & Engineering Chemistryl934, 26: 1.

2 G. N. Lewis, “The Isotope of HydrogenJpurnal of the American Chemical Socjetp33, 55: 1297-98, on
1298.

8 H. Urey, F. G. Brickwedde and G. M. Murphy, “A Hytien Isotope of Mass 2Physical Review1932, 68:
164-65.

4 J. Graff and D. Rittenberg, “Microdetermination @éuterium in Organic CompoundsAnalytical Chemistry
1952, 24: 878-881.
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Turning of chemistry from descriptive science istience, studying reasons and mechanisms
of chemical transformations, happened at the momemtn chemical research in the end of
XIX century started relying upon physical principlevhen thermodynamics started to be
used to explain conditions of passing of chemicakpsses. At the crossroads of physics,
chemistry and mechanics at this period thermochemims been successfully developing.
Progress in this area of knowledge depended fifstlb on the development of its
experimental method — calorimetry. Radical changeshe technics of calorimetry were
introduced in 1881 by P.E.M. Berthelot, which hasated a calorimetric bomb. Methods of
its usage were substantially improved by a Russtgntist V.F.Luginin.

The name of V.F.Luginin (1834-1911) is valued aespected in Russia. On the verge of
XIX-XX centuries he established in Moscow Univeysihe school of thermochemists and
presented as a gift to the university the equipneéritis laboratory. From 1889 to 1906 all
scientific and pedagogic activity of Luginin is cmtted with Moscow University. By 1892
he managed to equip (at his own expense) a spriathermochemical laboratory, where
workshop for students and trainees was organizdadanrse of calorimetry and thermometry
was read. In opinion of contemporaries, the lalwoyatvas equipped with such an amount of
good, expensive devices and also unique ones gmekloy Luginin, that its condition put it
at one of first places not only in Russia, but alsoWestern Europe. Scientists from
Kharkov, Kazan’' universities and also from abroame here to make their research.
Laboratory played an outstanding role in develogneéigalorimetry and thermochemistry of
organic compounds. Proud of being H.V. Regnautttetar, Luginin in the first place strived
to develop and to improve measures of constantbgimetermination of which his instructor
was engaged. As a result he improved methods afidgfheat of liquids’ evaporation and
heat capacity of solids and liquids (his own desigh appliances were created). Being a
close friend of Berthelot, Luginin took an activarpin development and distribution of
method of defining heats of burning of organic coompds proposed by the scientist, which
he also improved. Earlier than other thermochemisiginin noted that comparison of
thermochemical properties for gaseous state oftambss is more correct. As a result,
determinations of combustion heat of organic comgpsuwere supplemented by him with
determinations of their vaporization heats at bgiliemperature and of heat capacities from
0C to boiling point. Scientific heritage of this laatory is indeed substantial by the
evolving identity of chemistry.

The research is based on documents from severakdMosrchives and on personal
recollections of V.F.Luginin.
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In prehistoric times chemistry was more an art thacience, after the chemical revolution of
the 18th century it has became a real science anditnis an important part of our daily
lives. In spite of chemical processes being in firsen a long time ago, the history of
chemistry is not usually taught in Spanish highoselary schools. We think that this absence
is not good for chemistry social understanding.

High school students learn a variety of topics thetlude: structure of the atom and
characteristics of matter, radioactivity, LavoiSetaw, the periodic table of elements,
organic compounds, etc. However, they usually dieméw who made or discovered that law
neither when it happened or hawvas found.

Students from Spanish high secondary school (>lafsyeld), secondary school (15-16
years-old) and primary school (11-12 years-old) evesked to complete a questionnaire
about chemistry and its history. Results showedhas interest in chemistry and also in
science has been decreasing in Spanish youngenssuass it is also detected around Europe.
In addition, we correlated these results with theoant of chemistry history in Spanish
textbooks. Most of them neglected this subject bome books contained a few illustrations
or little words from a few scientists (e. g.Méarie Curie, she made some important
discoveries related to radioactivity and severaitgpe$). This could be the reason why
students have lost interest in chemistry.

Here we present a new way that was successfulliiegbm our schools to transform this
situation. In order to bridge the gap between chk#éwniand its history, we proposed some
changes in chemistry lessons for students in fhistryear of high secondary school. The aim
of the project is to choose historic findings inenfistry which can help students to
understand some concepts easily. Our pupils sumeththe historical development of the
periodic table of elements and then they have wtded the concept of periodicity related to
properties and reactivity of some chemistry elemeAfter that, a feedback was collected
from students via a new questionnaire. Most stigdennsidered these classes valuable for
increasing their chemistry knowledge and also t@atl this approach increased their interest
in chemistry and changed their previous idea abbeinistry.

The goal of this contribution is to show how chdrmyigessons via its history can look again

attractive for students. And we propose that tlag pf chemistry should be present in the
Spanish science secondary school curricula.
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