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Abstract. Alexandre Koyré brilliantly summed up the birth of the modern sci-
ence trough two historical categories: “destruction of the cosmos” and “geometriza-
tion of space”. The aim of this research (still in progress) is inquiring to what extent
the revolutionary birth of Chemistry between the 18th and 19th century, along with
Arnold Thackray'’s excellent criticism téewtonianismcan be explained trough par-
ticular historical and interpreting categories. Those are based upon alternative choices
to the ones suggested by Alexandre Koyré in order to clear up the birth of the modern
science; thus it is to be grasped how they can express a history of cheémstry
Koyré in a general sense. Considering the specific aim of the present study and for
shortness as well | shall avoid to argue about the history of chemistry in general as
well as about other important authors; however any reference will be reported in
footsteps. My investigation has been developed through two categories of historical
interpretation: the order of ideas as an element of understanding the evallision
entific thought on one hand; and on the other, the use of logic as an element of scan-
ning and control of the organization of the theory. This kind of examination of a theory
through the use of categories is valid since the historical exploration of the foundations
will not be analyzed using the traditional approach. Obviously, the content of this work
could appear potentially factious, since it cannot be assumed to be the only possible
perspective

Keywordsparadigm, Chemistry-Physics relationship, historiography categories,
infinite in Mathematics, Logics
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1. Newtonian Paradigm and birth of the chemical theory

In general, the first scientific thedry1-8] assumed as systematic and math-
ematical was René Descartes’ (1596-1650) thé&yptics [9]: any phenomenon
was followed by its mathematical interpretation, eventually enriched with a geo-
metrical one. Later on, a major relevance was attributed to the birth of the Newtonian
mechanic$ (Principia, 1687) [10, 11], since its mathematical content seemed full
of potential and Newton’s project so all inclusive as to involve any other theories
(optics as well) through an arrangement based on the Aristotelian—axiomatic mo-
del. (AOY [12, 13].

It is well known that Isaac Newton (1642-1727) would not publish his works
about optics but at the end of his life, even though he was quite deluded about that
since he had not been able to circumscribe the whole of the phenomena within
Axiomatics [14]. As a matter of fact, the English scientist considered that ar-
rangement of major importance. Newton researched much in the field of Chemistry
as well, though once again he did not manage to produce an Aristotelian —axiomatic
theory. As a conclusion of ti@ptiks (1704) [15], he formulated 31 long Queries
by which the unsolved problems and his doubts about the theory were expressed.
He dealt much with Chemistry, particularly in “Query 31”. More specifically, he
argued about matters previously anticipated within a treaty on acids and rigid bodies
related to the gravity attraction force, stating a definition of acids “as endowed with
a huge Attraction Force; their Activity consists of this Force [gravitatioh§lp,

17]. In particular, about hard bodies he observed

[T]he parts of all homogenous hard bodies which fully touch one another, stick
together very strongly. And for explaining how this may be, some have in-
vented hooked Atoms, which is begging the Questions; are glued together by
rest, that is, by an occult Quality, or rather by nothing; [...]. And therefore
hardness may be reckoned the Property of all uncoumpounded Matter. At
least, this seems to be as evident as the universal Impenetrability of Matter.
For all bodies, so far as Experience reaches, are either hard, or may be hard-
ened; and we have no other Evidence of universal Impenetrability, besides a
large Experience without an experimental Exception. Now if compound Bod-
ies are very hard as we find some of them to be, and yet are very porous, and
consist of Parts which are void of Pores, and were never yet divided, must be
much hardér.

Hence, if the phenomenon of Chemistry (a typical one, according to Newton),
that is theaffinity, was interpreted by means gfavitational force(considered
universal), then the specific principle of the new theory would have been found out;
therefore chemistry would have an axiomatic and deductive design based upon the
same essential concepts ruling mechanics. Then the universal Newton’s design did
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not just aim at interpreting a specific concept of Chemistry (affinity), but he tended
to frame Chemistry likewise mechanics, better say astacaseof Mechanics.
Unfortunately, the gravitational force is weaker than the one effectively linking mol-
ecules that is the electric force. So his program was to fail. Anyway, since the great
increase of the theoretical Physics, his followers did not have any doubt and started
to consider the Newtonian paradigm as the only possible direction for their work:
any phenomenon must be related to mechéanics

It is well known that Thomas Khun (1922-1996)Time Structure of Scientific
Revolutiong19] outlines a historical evolution of science as marked, every now
and then byevolutions,that is byalterationsor changingof a previous pattern.
Unfortunately, differently from the title of his book, he could not witness other revo-
lutions than the birth of the modern science (Newtonian) and of the attempts on the
crisis [21-23] at the beginning of the 20th cent. Such matters have already been
underlined by some historians [12]. In fact, a recent criticism [12] connoted him
with aweakhistoriographical-epistemological quality due to the Khunian paradigm
either in considering theuper-mechanicaklements of the chemical theory as
essential for the beginning of a revolution or in interpreting the bidoahtunthat
was with no doubt a revolution in theoretical Phy$ic®n the other hand, beyond
any question, the authority and authoritativeness of the Newtonian pattern (Table 1)
survived almost unaltered and consistently until Pierre-Simon de Laplace (1749-
1827) who had wisely widened the Newtonian theoretical model including the short
rayed forces, in order to apply it to the microscopic interaction (such as in the theory
of capillarity).

Table 1. Newtonian paradigm

Burning itemsof the theory Isaac Newton (1642-1727) Mechanics

Space Infinite and absolute
Time Absolute

Inertia As a perpetual
Basic-concept Acceleration
Interaction Force-cause
Mathematical problem F=ma

Issuing techniques Differential Equations

All possible motion, for a given force,

Solutions
from —o to+ o

Legenda adapted by [12].
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Furthermore, Antoine Laurent Lavoisier’ (1743-1794) concentred his later stud-
ies on central forces offering the possibility of realizing differential equations

d?x
dt

with an exponent even different from 2. Following those mathematical specula-
tions, the traditionalist scientist Simeon-Denis Poisson (1781-1840) fully respecting
[25] the Newtonian-Laplacian program in his interpretation of all types of celestial
and earthly phenomena through cause-forces, that is typically the central forces, ap-
plied the scheme to many other cases, in particular to thermal phenomena, getting
some laws of gas still valid today.

The history of the classical chemistry [26, 27] is characterized by two burning
aspects. In 1970, Arnold Thackray Atoms and Powe([27] later referred to as
Atomg introduced a history of the birth of the classical Chemistry, characterizing it
according the above two basic aspects. The first one concerns with intellectual and
fundamental contrast between Lavoisier’ new theory [28-30] and the prevailing view
conceiving a scientific theory as well as typically considered in a Newtonian context.
The second aspect is based on John Dalton’ two essential choices (1766-1844): an
organization evidently problematic (PO) of the theory and a mathematics with the
only use of the potential infinite (P1)[31]; that is to say the research of the solution
to the problem of the atomic weights through a kind of mathematics discriminating the
matter. According to those really bold choices the British physicist and chemist built
up his new concept of the world; the title of his famous workéwNsystem of
Chemical Philosoph§1808) [32, 33], already suggested an intellectual revolution. In
Atoms Thackray clearly expresses his categories of historical interpretation:

=f(r™,vt)

[T]he theory [Newtonian chemistry] has two essential components-belief in the
inertial homogeneity of all matter and its possession of an “internal structure”,
and acceptance of attractive and repulsive forces as proper categories of [inter-
pretation] explanation [historical]”. [...] A third and more ambiguous Newtonian
category, the ether, thought often referred to or hinted at, did not feature promi-
nently before 1740%S.

The “inertial homogeneity of matter”, quoted by Thackray, is referred to the
Newtonian conviction of a matter hierarchically ordered and strictly structured.
Whereas the second category, the admission of “short-rayed forces”, is referred to
the fact that (according to such a view of science), for chemistry as well as for the
celestial and earthly mechanics, a quantifying method is necessary. This goes through
the measurement of those cause-forces (metaphysical) which are typical of the
Newtonian theory; for what concerns Chemistry and the measurement of the short-
range forces, the theory of the chemical affinities should be considered. Of course, in
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Newtonian mathematics, these forces include the differential equations. By those
categories, Thackray interpreted the application of the Newtonian theory to the pre-
Lavoisier Chemistry. Though he later on points out that:

[T]he Enlightenment’s vision of a fully predicative Newtonian chemistry, based
on mathematical laws and empirically measured forces, was not fiffilled

So Thackray’s categories well suit the study of the Newtonian chemistry; more-
over they can show very well the difference of that theory from Lavoisier’ and Dalton’
theory. He ends up his book this way:

[T]he [chemical] theory was profoundly antiphysicalist and antiNewtonian in its
rejection of the unity of matter, and its dismissal rejected the short-rayed¥orces

In the following Thackray’s scientific though exposition fromAtisms:

Diagram. A synthesis Thackray'&toms and Powers

Chapier one: “Introduction: The Hidden Key"”
Introduction to Mewtonian Chermical and Mewtornianism.
Be-ralnation of Lavoisier’s and Dalton’s ideas to make che ristry for a new episternological
approach.
Declaration of his categories to imterpret Mewtonan Cherstry:
1. Inertial homogeneity of matter

2. Short-range forees

- =

Chapier second: “MNewion: or Chemisiry, Forces, and Strue ture of Matier™
& Mewtonian ideas” historical-critical analves by means of the following categories:

1. Inertial horoge neity of matter
2. Short-range force (and Ivolecular Weights)

- =

Chapier three: “The Immediate Impact of Newtonian’s Ideas Newton”

Historiographical analyse pf Newtonian science’s cone erning the desee lopment of Cherstry,

- =
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Chapter four: “The Spread of Mewtoniannism: A Tradition Estahlished”
Study of Newtonianis o and chemical-p hysical Hewtordan theory in the Enrope.
The British Hewtonian cherical-p hysical theory interpreted b the following cate gories:

1. Imertial homogeneity of matter
2. Short-range forces
3. Ether (after 1740)

- =

Chapter five: “Speculative System”
History of European scientific though daring the developrnent of Wewtorian ideas.
Cheraic al-physical theory of 18% cent.

- =

Chapier six: “The Problem of the Elements™
Epsisternological studs abot the problerns of the indrdstbility and privdative elements.

Lavoizer’s, French school.

- .

Chapter seven: “Quantified Chemisiry: The Mewtonian Vision"™

Criticistn to chemical Newtonianism and research of a new paradigrn for understanding the
birth of Chermistry.

Lavoisierian and Dialtordan school

- =

Chapier eight: “British Popular Newtonianism and the Birth of the New Spsten™

Inadaptability of his [Tackray’s] categones to deterroime the birth of Lavoisier®s and Daltor’s
Chernistry.

The relevance of a mathemafizzafion of cherical theory proposed by I. Dalton.

- =

Chapter nine: “Conclusion™
* “The suecess achieved by cherndeal regearch in the nineteenth century frorm striking
contrast to those of the previous hundred wears. The cherdcal theory was fundarmental to

these success™ [27, p. 279, 1 16]
" “The cherdeal theory was profoundly antipkersicalist and antiMewtonian in its rejection
of the unity of matter, and itz dismissal of short-range forces™, [Thider, 1. 23]
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2. Lavoisier’ and Dalton’ revolution to achieve a new view of science

In 1789 Chemistry produced a real revolutfoand Lavoisier, as well as the
chemists of his time, searched for the basic principles of this new theory in a revolu-
tionary fashiof’. Nevertheless thogwincipleswere not the same as in Newtonian
Mechanics; neither were they self evident property of truths (in the Aristotelian sense).
Moreover Lavoisier’ revolution started with the rejection of the traditional system of
the principles of the four elements. Let’s think of the dissociation of wakttandO
which was particularly a matter of contrast with the old Aristotelian theory and en-
abled Lavoisier, i. e., to start ugbattle against thghlogiston theoryas an explana-
tion of phenomenon of the fire; he replaced it with the combination with oxygen (and
on the whole two new elementsylorique et lumiérg Therefore, with Lavoisier, the
number of therinciplesis not more se& priori according to metaphysical causes
(four, one, on), but it must be found out through experimentafignosteriori that is
by the moment the instruments would have explored all the possible ways of dissoci-
ating substances. Nonetheless the fashioest#blishingthe process of the scien-
tific knowledge is clearly in contrast with the idea of the axiomatic principles of a
theory (for example, the principles of the prevailing mechanics then). That is, in chemis-
try the wordprinciplesoutlinedmethodological principléd either for dissociating or
for combining substances. The theory was defeated on the ground of the experimenta-
tion to manage the matter, following not so much rational processes, but more effective
ones, checked by man. So, according to Lavoisier’ theory the method used for the
measurement of the masses of the reagents (and of the compounds in a chemical reac-
tion) became the reliable basis for going ahead towards knowledge; in other words, the
Galilean method of experimentation to test a scientific law, always conceived as deduc-
tive, tended now to become a global method when building up a new theory [13].

This new way of considering science appeared similantergal illusion[34-
36], that is like the impossibility of actually theorizing: because, according to the scien-
tists of that time the lack oéal principlesmade it impossible the process of making
the theory out of a mathematical model and consequently the building up of what was
then considered @ue theory(i.e. a la Newton). Nonetheless the final result got by
Lavoisier was amazing: the first table of the chemical elements; a table arranged in
experimental symbols only is a completely unusual device in a Newtonian-Aristotelian
thought of the theory. Even today it is stressed the dramatic difference of Chemistry
from the nomological-deductive model, though not tracing its origin and nature [37,
38]. It must be said that Lavoisier set elements such as light and heat and classified
them first. Furthermore his definition of element, allowing the chance of an unlimited
breakdown (decomposition) of substances, was logically unsatisfactory and gave way
back to the infinitesimal matteg la Newton. That is, the bgleductionand by-
axiomspostulates were still not defined, decoding them respectively through generali-
zation and chemical principles.
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A few years later, Dalton’ contribution [32] to the matter was crucial; thanks to
him the chemical science was not more a theory simply opposite to the AO. He
applied the mathematical model to Chemistry. The result was so simple, not to be
either considered a step really fundamental in the history of Chemistry. Nonetheless it
was able to shape chemists’ mind: not introducing infinite magnitudes or infinitesimal
ones in chemistry, Dalton set a close operating link between Mathematics and Chem-
istry; and he did not allow any siding at all between experimental and theoretical
chemistry. For instance, the mathematical relation betweand O in H,O has got
an exact operating sense, whereas Physics, since Galileo Galilei (1564-1642), with
s = 1/2 gt, for example, had used continuous magnitudes, infinitely divided, that is
beyond any physical measurement operations.

Thanks to Dalton, atoms, till then one of the greatest expressions of metaphys-
ics, turned into entities operatively concrete and mathematically simple. Since
simplicitas sigillum veriDalton considered atoms at last scientifically real [32]. This
mathematical process or an atomic discretization process of the matter brilliantly
matched an arrangement of the theory of problematic kind (PO) aimed at building a
new theoretical organization of the fundamentals of chemistry. But the real innovation
in Dalton’s book consisted of dealing but with an only problem, either in the form of a
program.

[Bly elementary principles, or simple bodies, we mean such as have not been
decomposed, but are found to enter into combination with other bodies. We do
not know [by experimental means] that anyone of the bodies denominated el-
ementary, is absolutely in-decomposable, but it ought to be called simple, till it can
be analyzeH.

Coherently with the individuation of this central problematical view of Chemistry,
Dalton goes on pointing out a method, either an ideal one, to combine elements among
themselves. Such a singular method (for the science at that time) consists of a clear-
ing illustration and by the well known series of the sevenfulee suggested atoms
combining only in the simplest forms. In order to apply his rules Dalton used, more
than a mathematical device, some models (made out of wood) of the combination of
the atoms. This formulation of theory PO gave relevance to mathematical machines
to be kept on an instrumental level:

[W]hen an element A has an affinity to another B, | see no mechanical reason
why it should not take as many atoms of B as are presentét to it

Obviously, science matured its knowledge and many of Dalton’ observations
changed up to now. Nonetheless what he maintained is enough for evaluating Dalton,
not only as a former pupil of Lavoisier, but sometimes more important than Lavoisier
himself, as well as Newton is to be considered more relevant than Galilei for his
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creation of the post-medieval mechanics. In this sense, | think that Dalton inaugurated
a realDaltonian paradigm(chemistry-mathematics theory) in chemistry and in the
scientific theory, in opposition or alternative) to the Newtonian program (Physics-
Mathematics theory).

3. A Koyréan program for the history of chemistry?

The Historiography of Chemistry is mainly tangled up and complex to be illus-
trated due to so many discoveries of substances, of more or less valid ideas, of labels,
nomenclatures; especially when theory converged in different fields of application of
scientific knowledge or not. In particular, biographies do not contribute more than a
good chronology; just a few chemists determined real cultural turning points [39-43].
Both the histories of an idea (for instance, the atom) really contribute to clear up and
they too often date back: the modern knowledge. Surely Partington’ encyclopaedic
Opera marked a milestone, since it stimulates to go ahead in the search for a better
understanding of the cultural thread of the theory [44, 45]. In the cultural history of
fundamentals (or epistemological) of chemistry, some contributions tried a connection
between the theory of Chemistry and the chemists’ guidelines This view of the sci-
ence as a whole is similar to what occurred in the history of Physics that could rely on
the contribution (though ignored and then rejected as idealistic for long, in the end
neglected as too much dated) by Alexandre Koyré (1892-1964) who was able to find
out a relation between the physical and the mathematical theoretical process in the
birth of modern science.

Itis well known that Koyré brilliantly examined the birth of the modern science
and its historical categories which he summed up with two phrases: “destruction of
the cosmos” and “geometrization of space”. Recent studies marked those two phrases
asintuitive expressions of the two basic choiceadeby Newton A derived
translation has been used for the theories developing altermdibiees to the
Newtonian ones. They represent “the evanescence of force-cause and discretization
of matter” Considered as historical categories inquiring straight on primary book, as
well as original manuscript)ey have already interpreted history and the fundamen-
tals of several scientific theories that have been built actually according to the two
Dalton’s choices. A clear sign of it is Sadi-Carnot’s thermodynamics (1796-1832) in
Réflexionssur la Puissance Motrice du F¢d6-51]. More than others, even more
than Ernst Mach (1838-1916), Alexander Koyré considered above all that, among the
intellectual factors, a basic role would have been played by the choice of what kind of
infinite in Mathematics. As a student of Edmund Husserl (1859-1938) [52] who well
knew mathematics and logics, Koyré wrote about the importance of the concept of
infinite in the field of science. Differently from the ones who wrote about the same
topic, remarking the artisans’ work, considered, together with their inventions, the only
responsible of the birth of the XVII century science, Alexander Koyré suggested the
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opposite thesis, according to which even laying upon a perfect artisan work the result
will be always determined by the inaccuracy of measurements [53]:

[T]he new science, we are told sometimes, is the science of craftsman and
engineer, of the working, enterprising and calculating tradesman, in fact, the sci-
ence of rising bourgeois classes of modern society. There is certainly some truth
in this descriptions and explanations [...]. | do not see what the scientia activa
has ever had to do with the development of the calculus, nor the rise of the
bourgeoisie with that of the Copernican, or Keplerian, astronomy theories. [...] |
am convinced that the rise and the growth of experimental science is not the
source but, on the contrary, the result of the new theoretical, that is, the new
metaphysical approach to nature that forms the content of the scientific revolution
of the seventeenth century, a content which we have to understand before we can
attempt an explanation (whatever this may be) of its historical occuttence

Hence, Koyré grasped that the birth of the modern science cannot be explained
just through the human works, but conceptual factors are réeded

[1] shall therefore characterize this revolution [the birth of the modern science]
by two closely connected and even complementary features: (a) the destruction
of the cosmos and therefore the disappearance from science - at least in prin-
ciple, if not always in fact - of all considerations based on this concept, and (b)
the geometrization of space, that is, the substitution of the homogeneous and
abstract - however now considered as real - dimension space of the Euclidean
geometry for the concrete and differentiated place-continuum of pre-Galilean
Physics and Astronordy

Through the intuition that the fundamentals of scientific theories contain two
basic choices, Koyré’ intellectual matrix has been cleared up (Table 2):

Table 2 Explaining of Alexandre Koyré’ choice for the history of science

1.“The destruction of the cosmotfiat is a replace ment of the finite world, as it had been
hierarchically classified by Aristotle, with the infinite universe. (That is, an AO
organization).

2/The geometrization of spacethat is a replace ment of Aristotle’ physical (concrete)
space with the abstract space of the Euclidean geometry. (That is, a choice of actual
infinite - Al).

Koyré underlined the logical and intellectual step ahead performed by just a few
of the luminaries by that time, such as Galileo [54, 55] and Newton; thanks to them
sciencemodernby then, provided the basis for the next theories, so honourable for
physicists and mathematicians. Koyré’ choices about the modern science put in rela-
tion sub-surrogateconcepts of the two basic choices made by Newton (Table 3).
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Table 3. Historiographical choices: Newton, Koyré, Koyré-surrogate choices

Ahschote space (A O)
Hewton <::“mliﬂemgumdn (AL
. N Desiruckion of the « oswe s (FO)
Koyre' choices <:<Gm zation of space (FI)

Swrogate theid es for Discretiz adion of matter (F0)
Koyridan program Evaness eng e of foxrce case (PT)

It is particularly remarkable that each of the two Koyré' clauses relate the two
choices to each other: the first phrase (Table 2) connects Newton's two positive choices,
whereas the second phrase connects the two choices negated by Newton (The same
scheme could be re-used for Dalton's choices). Therefore it is possible to propose the
program of re-interpretaticdla Koyré of the birth and the development of Chemis-
try by means of two basic ideas, analogous- opposite to Koyré’ ones: "The discretization
of matter and evanescence of Newtonian force-cause" [12]. Now if we translate all
that in terms of historiography [56], it must be noticed that these interpreting catego-
ries are stimulated from one hand by the problem of the choice of infinite in a theory
(highlighted by Koyré as far as the origin of the modern science is concerned); on the
other hand, by the choice about the traditional organization of the Aristotelian scien-
tific theory [57, 58]. It must be noticed that these phrase can be applied to any other
theory of PO and PI type. As a matter of fact, in 1700 matter was already considered
in analytical term$3 that is assuming the possibility of disassembling it at infinity. The
Al brought to consider atoms as infinitesimal parts of the matter; on the contrary the
Pl made the atoms thought as elements only fictitiously last. It was just Dalton who
made the basic choices of the chemical theory, opposite to Newton's ones. Thus,
since chemistry is an example of PO theory and provides a clear choice of the PI, it
represents actually the most evident example of the alternative model to the Newtonian
one [62].
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4. Conclusive (?) notes

On stating incommensurability as the property of two theories based at least
upon one different choice out of the basic two, it has already been noticed that, with
regards to the Newtonian Mechanics and to Lazare Carnot' (1753-1823) Mechanics
[63-65], a large amount of concepts implied in the theory change in meaning . Simi-
larly, comparing the classic chemistry with the mechanistic Newtonian Chemistry,
space, time and force, (Table 4) which are essential concepts in Newton's Mechanics,
are not more useful from a theoretical point of view in Chemistry; the deriving con-
cept of fluid too from physical (phlogiston) turns from physical into not physical
(calorique). The atom, the last element of the matter, conceived as an infinitesimal
part of it, becomes a plurality of elements. The mass only seems to keep the same
value for Newton and Lavoisier. Actually the Newtonian mass is above all the inertial
one, while Lavoisier' mass is gravitational. Those variations in meaning are so many
that chemists can even use the word principle, typical of Newton's theory and of the
AO ones, but with a completely different meaning (Table 4):

Table 4. Newton’ chemistry and Lavoisier’ chemistry

Burning items  (Mechanicist) Newtonian Lavoisierian Chemistry

of the theory chemistry

Space Infinite and absolute Assumed as volume on the whole
Time Absolute Assumed as a measure to mark a

before and an after; with regard to
the rate reactions).

Atom Infinitesimal part of matter Plurality of elements.

Fluid Phlogiston (corporeal) Caloric (incorporeal).

Mass Inertial Gravitational.

Interaction Force-cause Reaction and balance.

Problem of the Nature of the matter. Indivisibility

theory Molecular theory: attractive Chemical affinitiegheory through
and repulsive forces the accomplishment of the

nomenclature and chemical elements.

Arguing Differential equations Arguinby absurdunproof and

techniques elementary mathematics.

Solutions Any possible motion, for a Oxygen’s saturation degrees;
given force, from— oo to variation of some acids names
+ o0 endings.

Legend adapted by [12].
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Those variations in meaning are so many that chemists can choose to use the
word principle as well, typical of the Newtonian theory and of the AO theories, though
with a completely different meaning. Therefore, here more than usual, the problem
arises whether two not measurable theories are incompatible, too. As a matter of fact,
the history of chemistry proves its historical incomparability, to the point that physicists
(mechanicists) still underestimate completely the classical chemistry as the true theory
[66].

| apologize to the reader for using notes as a conclusion of but an epistemologi-
cal and historical introduction to the problem. However, Thackray's categories aiming
at the study of a development of chemistry can be distinguished into:

Vv Koyré’ categories for the interpretation of the chemical Newtonianism.
V Categoriesa la Koyré for the interpretation of Lavoisier’ and Dalton’ chemistry

Adiagram (Table 5) follows summing up the whole of the problem:

Table 5. A history of chemistry a la Koyré (generalised point of view)

Alexcandre Koyré
The birth. of the moodemn saend e (IVE XV sec.)
- The destmctonof the cosmos
The geometization of space

S I -

Armold Thacks ay
Hewtonian «heminry (X VI sec )
Triertial horrogeneity of matter
Short-range forces

S -

A Koyrédan ogram for the history of dvendsiry?

The hirth and devdop of chemisry: Lavoiser (1789 e Datbon (1E08; 1£11)
- The evariest ene e of the force- cans
- The disoetimation of mtter

Koyréian program for the history of the chemistry express by means of catego-
riesa la Koyré (surrogated by two Dalton' fundamental choices), results applicable
both to Lavoisier' theory that Dalton one; but it seems applicable also later chemical
scientists up to Cannizzaro (1826-1910), and Mendeleev (1834-1907) [12, 56]. The
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first one, in fact, conducted to conclusion the Daltonian paradigm introducing the dis-
tinction between atoms and molecules, making stronger and surer the past tentative to
include mathematics in chemistry. Dmitrij IvanovieeMendeleev, instead, playing inside
this clarity of ideas and empirical facts concern the problem of constituents of matter,
it reached to formulate a model of reasoning, the cycle, that has been typical of a
problematic theory, the Carnot's thermodynamics (1824 and) that - as the chemistry -
it does not use the infinitesimal analysis; on the contrary the cycle became a technique
of alternative reasoning. Well, if the chemical revolution were delayed of one century
so much, it is not owed to Newton, but also to the scientific authority that Newton
represented after his death: that is, salgsKuhn, to the continuity of a Newtonian
paradigm, only.

In conclusion, going up again to the fundamental choices of Newton (mathemat-
ics with the endless one in action and Aristotelian organization), never doubted by his
successors, one can only explained why the birth of the chemistry was born after one
century of failures.

"Thought does not respect national frontiers. Yet scientific ideas are far from state-
less citizens". (Arnold Thackrapstoms and Powers. An Essay on Newtonian Matter
and the development of Chemistrarvard University Press, 1970, p. 4, line 4).
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cious suggestions of Prof. Antonino Drago, | was illuminated for developing the prob-
lem list of this (working in progress) research.

NOTES

! Obviously I do not exclude ancient and Renaissance (embryonic-scientific) theories: i.e., studies
oncentrum of gravity[1-8].

2 Cfr.: [9]. The essay o@pticsis part of his most famous opéra Mondein which he deals with
his mechanicist and rational observations: iLe. Dioptrique (1634),Les Météoreg1635) anda
Géométrig1636) inDiscours de la méthodelefinitive, March 1637). In these works, particular study
about some natural phenomena appears (i.e light) connect to the human senses; follow an profound
mathematical interpretation.

3[10]. According to Koyré, the best scientific exposition is: Rosenberg [11].

4 In the history of science we encounter baxfomatically organisetheories (AO theories), as
well as, theories whose organisation requires non-axiomatic principles suggesting a method for solving a
given problem for a theory which is thpoblematically organizePO theory). In brief, an AO theory
is developed by "self-evident" principles and it is generally followed by the use of advanced mathematics
(e.g., in Newton's theory). A PO theory is based on methodological principles which indicate a direction
for the development of the theory. For a deep reading see [12, 13].

5 Cfr.: [14].

6 The 31queries in Optiksare the last Newton's opera and they have been thought about and
delayed in publishing for long; this was due to the theoretical of the problem, according to which
mechanics could explain anything, from mechanics to chemistry, biology, to ethics itself, even beyond the
four cardinal virtues "followed by the primitive peoples”. Cfr.: Newton I., "Quer{eptiks [15].

”Newton I. "De Natura Acidorum”, inexicon Technjcunj16]. It also printed in Horsley S. (ed.).
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Isaaci Newtoni opera quae existant omiir]. ThisQueryis burning either because Newton attempts

to set some elaborated theoretical fundamental to the later theory of the short-rayed inter-particles forces
to motivate cohesion and reactive phenomena (that will represent the basis of the new-born theory of the
chemical affinities), or because the questiondauptfu) nature of his general view of mechanic science

in other fields of knowledge, in progress by then, comes out. | remark his opinion concern with particles-
compound: "If the particles of the first [composition] or perhaps of the second composition of gold could
be separated; that metal might be made to become fluid, or at least softer. And if gold could be brought
once to ferment and putrefie, it might turn'd into any other body whatsoever". (Quoted in Thackray A.
Atoms and Powers. An Essay on Newtonian Matter and the development of Ch&ijgir4, I. 21]).

8 Newton I. "Query 31'Opticks pp. 388-389, [15].

9 Let's think, for example, to the birth of electricity introduced by Charles-Augustin de Coulomb
(1736-1806) by means of (mechanicist) experiment based on torsion balance (1777) to investigate the
torsion moment impressed exerted exactly by the gravitational forces.

10 Fortunately the historical study of fundamentals and of change of minds and theories allows
comparing the scientific thought, properly of the physic-mathematics sciences with other fields of
knowledge.

11 See Lavoiser' biography: Duveen D.I. and H.S. Klickst&ibibliography of the works of A.L.
Lavoisier[24,25].

12 P|: potential infinite; Al. Actual infinite.

3 Thackray, AAtoms and Powers. An Essay on Newtonian Matter and the development of Chemis-
try, [27], p. 122, . 9.

¥ vi, p. 5, . 32].

5 Ivi, p. 279, I. 23].

6 The birth of Chemistry proved really a revolution within the revolution. It looked like a stronger
result and more evident than the first Jacobin program ("Society of friends of the constitution”, 1789).

1 Some years before, with Claude-Louis Berthollet (1749-1822), Antoine-Francois de Fourcroy
(1755-1809) and Louis-Bernard Guyton de Morveau (1737-1816) publdégmbde de nomenclature
chimique(1787), a first revolutionary point of view about language of Chemistry which he dealt with
even better ifraité élementaire de Chimiecluding Etienne Bonnot de Condillac (1714-1780) logics
teachingsl(ogique 1780).

18 For a historical inquiry of Sadi Carnot theory (please, see [13]) we used the term "methodological”
to indicate the particular role played by principles in theory: Sadi Carnot built his thermodynamics on
principles (as well as on the impossibility of a perpetual motion) which are really different from the
axiomatic-principles, which were "auto-evident" i.e, Euclidean geometry ones or idealized ones in me-
chanics Newtonian theory. In my opinion, Thackray uses thegegnaiple in this work with the same
meaning it assumed in Sadi Carnot' theory.

19 Dalton, JA New System of Chemical Philosogfianchester-London, 1808 (and 1810) [32], pp.
221-222.

20 The seven rules concerned combinations and weights that were to represent the quantitative
foundation of the modern Chemistry.

2 Dalton, J. "Inquiry Concerning the Signification of the Word" [33], pp. 143-151.

2 Koyré, A.Newtonian Studieg53], pp. 5-6, r. 25.

= Koyré, A.From the Closed World to the Infinite Univer&altimore, Johns Hopkins UP, 1957

21d., [53], p. 6, I. 17.

% In that period the experimental progress about the chemical elements of the matter were not
understood. Paradoxical conclusions were admitted and a great theoretical confusion was caused. It was
necessary to give account of the existence not only of atoms but also of molecules, that was out of any
previous analytical standard scheme. The crisis was such that Amedeo Avogadro' (1776-1856) solution
was not taken into account for fifty years; Cfr.: [59-61].
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NCTOPUSA HA XUMUSTA IO KOYRE.
BBBEXJIAHE U AHAJIU3 HA EJIUH
EIMMUCTEMOJIOTMTYEH IPOBJIEM

Pesrome. Alexandre Koyré cymupa 1o OpuIsSsSHTEH HaYWH PaXkJTaHETO
Ha MOJlepHATa Hayka 4pe3 JBE UCTOPUYCCKU KATCTOPHUHA — ,,JECTPYKITUS
Ha KocMoca“ | ,,reoMeTpu3anus Ha mpocTpaHcTBOTO . Llesta Ha ToBa
U3CJIeIBAaHE ¢ pa30MPaHETO B KaKBa CTEIEH PAXIaHETO HA XUMHUSITA MEXIY
XVIII u IX Bek Moxe ga 0bae 00SICHEHO Ype3 MOAXOASIIA UCTOPUUECKH U
UHTEPIPETAMOHHYU KaTeropuu. TakbB MOX0 € peayioxkeH oT Alexandre
Koyré. Hacrosmero n3cienBane € pa3BUTO 4pe3 JIBE KATETOPUU B UCTO-
puueckaTa WHTepupeTanus: 1) depapxusaTa Ha HICUTE KATO CJICMEHT Ha
pa3bupaHeTo Ha €BOJIONMATA HA HAYYHATA MUCHJ U 2) U3MOI3BAHETO HA
JIOTWKAaTa KaTO €JEeMEHT 3a CKaHWpaHe M KOHTPOJ Ha OpraHu3anusITa Ha
HayKarTa.
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