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Did Lucretius’ Atomism Play any Role in Early Modern
Chemistry?

Marco Beretta”

Recent historiography has pointed out the influence on early modern chemistry of different clas-
sical theories of matter. Among these the reading and interpretation of the writings of Lucretius
is a particularly interesting example. While the De rerum natura has been regarded by religious
authorities as a dangerous heterodox work, chemists throughout Europe between 1500 and 1800
became progressively interested in adopting Lucretius’ qualitative atomism. It is argued that
such atomism played an important role not only in building an alternative philosophy of matter
to that of Aristotle, but also in developing more concrete and operative options, such as the defi-
nition of chemical reaction.

“So different forms come together into one mass and things are made of mixed
seeds [permixto semine]. Nay more, everywhere in these very verses of mine you
see many letters common to many words, and yet you must needs grant that
verses and words are formed of different letters, one from another; not that but
a few letter run through them in common, or that no two of them are made of let-
ters all the same, but that they are all alike the same one with another. So in
other things likewise, since there are atoms common to many things, yet
notwithstanding they can exist with sums different from one another; so that the
human race and corn and glad trees are rightly said to be created of different
particles”. DRN, 11, 686-699.1

By taking the fortunate analogy between atoms and letters, already used by
Democritus, Lucretius wished to push it further and aimed at bringing the tenent
of classical atomism from the relevance attributed by Democritus to individual
atoms to the central importance he attributed to aggregates and combinations.
Lucretius thought that the macroscopic bodies were the results of the combination
of molecules (which he called concilia) constituted of different kinds of atoms.
While the number of atoms existing in nature was infinite, their forms, just like
the letters of the alphabet, were limited. These very forms were at the end the
explanation of the macroscopic differences between different observable bodies:
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“Why? Unless it be that those bodies of light are smaller than those of which the
quickening liquid of water is made. And we see wine flow through the strainer as
swiftly as you will; but, on the other hand, the sluggish olive-oil hangs back,
because, we may be sure, it is composed of particles either larger or more hooked
[magis hamatis] and entangled [plicatis] one with the other...

So that you may easily know that those things which can touch the senses pleas-
antly are made of smooth and round bodies [levibus atque rotundis] but that on
the other hand all things which seem to be bitter and harsh, these are bound
together with particles more hooked...”. DRN, II, 389-394 and 402-407.

Lucretius defined in further details the relations between the shapes of the atoms
and their physical-chemical effect:

“Other particles there are, moreover, which cannot rightly be thought to be
smooth not altogether hooked with bent points, but rather with tiny angles stand-
ing out a little, such as they can tickle the senses rather than hurt them; and of
this kind is lees of wine and the taste of endive. Or again, that hot fire and cold
frost have particles fanged [dentata] in different ways to prick the senses of the
body is proved to us by the touch of each...”. DRN, II 426-434.

As their shapes were limited, the same kinds of atoms could enter into the com-
position of completely different bodies, like letters in words. The macroscopic
changes were due to the different dispositions of the same atom, just like the let-
ters which compose the word AMOR might be rearranged and result into the word
ROMA. However, the analogy stopped here, because the atoms could be
rearranged not only horizontally but in all three dimensions. Lucretius’ descrip-
tion of this kind of arrangement is worth quoting:

“In truth when you have tried all those parts of one body in every way, shifting
top and bottom, changing [transmutans] right with left, to see what outline of
form in that whole body each arrangement gives...”. DRN, II, 487-90.

It is interesting to note that in this important quotation Lucretius introduced the
term transmutation, for the first time, into the Latin language. However, while
later alchemists understood under this concept the possibility to obtain gold from
lead through a complex experimental procedure, Lucretius understood it as the
effect of the molecular structure of bodies which, under certain circumstances,
suffered changes into the disposition of their atoms without their quantity or
quality being minimally altered.

Equally original is the use that Lucretius makes of the term mixt (permixtum). In
contrast to the reductionistic philosophies of matters set forth by the pre-Socratic
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philosophers and by Aristotle, Lucretius thought that matter was mostly consti-
tuted by molecular aggregates and that the motion of isolated atoms was only a
temporary state which inevitably led to some kind of combinations with other
atoms:

“There is not one of all the things, whose nature is seen before our face, which is
built of one kind of atoms, nor anything which is not created of well mixed seeds
[permixto semine constet]; and whatever possesses within it more forces and pow-
ers, it thus shows that there are in it most kinds of atoms and diverse shapes.”
DRN, 11,583-588.

This is a crucial statement, because Lucretius while recognising the intrinsic com-
plexity of matter, could explain phenomena such as the passage from the inorgan-
ic to the organic and vice versa from life to death, without having to resort to
metaphysical or occult causes. When the molecule of a body dissolved the atoms
did not disappear but moved to form other molecules, not necessarily the same,
and thus continue the eternal cycle of the transformation of matter.

It is now important to underline the difference of Lucretius’ concept of a mixed
body with that supported by Aristotle in De generatione et corruptione (327a-b)
where he excluded, in the following passage, the possibility of the ingredients to
maintain their original identity:

“According to some thinkers, It is impossible for one thing to be combined with
another. They argue that if both the combined constituents persists unaltered,
they are no more combined now than they were before, but are in the same con-
dition: while if one has been destroyed, the constituents have not been combined
—on the contrary, one constituent is and the other is not, whereas combination
demand uniformity of condition in them both: and on the same principle even if
both the combining constituents have been destroyed as the result of their coales-

cence, they cannot have been combined since they have no being at all.”?

Aristotle, it is clear from this passage, preferred to study the qualitative transfor-
mation of matter only from its observable features. Lucretius, on the contrary, is
interested more in the chemical mechanism of combination that in its effects. The
weaknesses of this approach laid in the impossibility of empirical verification.
However, while for the Aristotelians mixts were essentially different from the
sum of their constituents, for Lucretius the atomic composition of matter allowed
the reversibility of molecular combinations and the whole universe was nothing
else than a perennial flow of dissolutions and combinations of atoms the sum of
which remained constantly and eternally the same. From this followed the basic
principles stated in the first book of the DRN which say that “nothing is ever
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begotten of nothing” (I, 149) and that “nature breaks up each thing again into its
own atoms, nor does she destroy ought into nothing” (I, 215-216).

From this succinct exposé it is hopefully clear how fecund the Lucretian view of
matter could have been if applied to the solution of chemical issues. It is therefore
difficult to agree with the conclusion of the recent book on atomism by William
Newman? where the success of corpuscularism is traced back to the fourth book
of Aristotle’s Meteorologica rather than to classical atomism. But this is another
story.

Having briefly exposed the basic principles of Lucretius’ philosophy of matter,
their influence on early modern chemistry will now be highlighted.

The first commented edition of Lucretius’ poem appeared in 1511 (Bologna)* but
prior to that, Leonardo da Vinci had showed, in a chemical context, a confident
knowledge of its contents and used the term semenze delle cose (seeds of things),
attomi (atomi), particule (particles) which he took from both Lucretius’ DRN and
the Latin translation of Diogenes Laertius Vitae philosophorum. An acquaintance
of him, the artillery officer from Siena Vannoccio Biringuccio, author of the De la
pirotechnia the first systematic survey of the mineral world (published in Venice
in 1540) also showed some acquaintance with the poem when, in order to explain
the different texture of silver mines, resorted to the hypothesis of the different
shape of the atoms and particelle.

It was during the seventeenth century that Lucretius was discovered by natural-
ists in general and chemists in particular as an effective source in the battle
against Aristotle’s theory of matter.

In 1620 in the second part of the Novum Organum Francis Bacon while describ-
ing the shape of the particles which constitute the texture of matter wrote the fol-
lowing:

“Thus let the nature in question be the Expansion or Coition of Matter in bodies
compared one with the other; viz. how much matter occupies how much space in
each. For there is nothing more true in nature than the twin propositions, that
“nothing is produced from nothing” [ex nihilo nihil fieri]® and “nothing is reduced
to nothing” [neque quicquam in nihilum redigi]®, but the absolute quantum or

sum total of matter remains unchanged, without increase or diminution.””

Here Bacon quotes nearly verbatim Lucretius’ principle of conservation of matter
and from it he deduces some important consequences also for chemistry:

“this greater or less quantity of matter in this or that body is capable of being
reduced by comparison to calculation and to exact or nearly exact proportions.
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Thus one would be justified in asserting that in any given volume of gold there is
such an accumulation of matter, that spirit of wine, to make up an equal quanti-
ty of matter, would require twenty-one times the space occupied by the gold.

Now the accumulation of matter and its proportions are made manifest to the

sense by means of weight.”.8

Epicurus and Lucretius were the first atomists to attribute a specific weight to
atoms, a feature which was destined to be of crucial importance for chemists.

Bacon, as it is well known, favoured the circulation of Lucretius’ atomism within
English scientific circles and its success among the future founders of the Royal
Society of London is testified to by the first English translation of the first book of
the DRN which was carried out in 1656 by John Evelyn.? In addition to the influ-
ence of Bacon, the edition of the DRN published by Gassendi in 1649 and then,
less complete, in 1658 (see notes 11 and 12), played a central role in the appreci-
ation of scientists in general and chemists in particular of the contents of the
poem. In fact was Gassendi who tried the first serious attempt to combine chem-
ical conceptions with atomism!® and Lucretius’ qualitative approach to the sub-
stratum of matter seemed indeed particularly fitted to bring such an attempt to a
successful conclusion. The first reason that made atomism attractive was the
patent observation made by seventeenth century chemists that the four elements
of Aristotle and the three principles by Paracelsus were no longer sufficient to
explain the complex texture of matter and the innumerable variety of macroscop-
ic bodies. As long as the chemical analysis of such bodies progressed, Gassendi
pointed out, the clearer became that the ingredients of these same bodies went
beyond the elements. The atoms of Lucretius were useful for another reason: in
addition to their mechanical qualities (movement, size and gravity) they pos-
sessed particular shapes which, as we have seen, were the true causes of the pecu-
liar molecular texture of bodies. It is interesting to note in passing that Gassendi
introduced the term moleculae as the discriminatory element of the intrinsic com-
plexity of matter, and that he does so while commenting a passage of the second
book (135-141) of the DRN.11 Within this framework the shapes of the atoms were
the causes of heat, cold, light, sound etc. as well as of the chemical combinations
of mixts. The importance of Gassendi for early modern chemistry has been
already examined in many studies and this is not the occasion to insist further on
this topic, rather I would like point out an aspect of both the Animaduversiones!2
and the Syntagma which has been so far neglected: both works are editions of
Lucretius’ DRN. It is true that the DRN is not published in the original conse-
quence but in his aim to revive its contents, Gassendi decided to scatter the vers-
es according to a logic which followed the distinction made by Epicurus of philos-
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ophy, into canonic, physic and moral, taking physics and the most important part
of the three.!® Gassendi mixed his prose with descriptions of the experiments
made by him and his contemporaries with commentaries of Lucretius’ passages
related to the topic he treated and Lucretius’ atomism served him to provide a
consistent theoretical basis to his chemistry.

Gassendi’s works were highly successful and as early as 1654 William Charleton,
a physician with a keen interest in Helmontian iatrochemistry, presented a syn-
thesis of Gassendi’s work into English.!* But it was within the Fellows of the
Royal Society of London that Gassendi and Lucretius found an attentive audi-
ence.

In this favourable context, it is not surprising that Robert Boyle adopted corpus-
cularism as one of the keys he used to interpret chemical combinations. He was
also very positive towards Lucretius:

“By granting Epicurus his principles that the atoms or particles of bodies have an
innate motions, and granting our supposition of the determinate motion and fig-
ure of the aerial particles, all the phenomena of rarefaction and condensation, of

light, sound, heat etc., will naturally and necessarily follow.”1®

Lacking empirical ground, however, Lucretian atomism had to be mingled with
Paracelsism and other sources with an approach more suited to the experimental
outlook privileged by Boyle. On the other hand we should not underestimate the
fact that due to his straightforward criticism against religion, his belief in the
materiality and mortality of the soul, his cosmological thinking on infinite worlds,
Lucretius was a highly controversial author whom, in order to avoid the accusa-
tion of atheism, could be cited only with cautious circumspection. This is certain-
ly the reason why Boyle, in The Sceptical Chymist (1661) after having set his
famous definition of the elements as “certain primitive and simple, perfectly
unmingled bodies; which not being made of any other bodies, or of one another,
are the ingredients of which all those called perfectly mixt bodies are immediate-
ly compounded, and into which they are ultimately resolved”®, tried to prove that
his adherence to atomism was a stranger to Lucretius. On this matter he in fact
declared:

“If T were fully to clear to you my apprehensions concerning this matter, I should
perhaps be obliged to acquaint you with diver of the conjectures (for I muse yet
call them no more) I have had concerning the principles of things purely corpore-
al: for though because I seem not satisfied with the vulgar doctrines, either of the
peripatetick or Paracelsian schooles, many of those that know me [...] have
though me wedded to the Epicurean Hypothesis, (as others have mistaken me for
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an Helmontian) yet if you knew how little conversant I have been with Epicurean
authors, and how great a part of Lucretius himself I never yet had the curiosity to

read, you would perchance be of another mind.”1?

Naturally, Boyle’s statement was guided by his firm aim at distinguishing his cor-
puscolarism from that of Thomas Hobbes which he regarded as dangerously het-
erodox and which was explicitly, though not entirely, based on Lucretius. In fact,
other members of the Royal Society did not find Lucretius to be so dangerous and,
as perceptibly noticed by Henry Guerlac, Isaac Newton was among the most
enthusiastic supporter of Lucretian atomism, especially when its attention was
focussed to explain the nature of the microscopic world. In the famous Query 31
of the Opticks devoted to the explanation of chemical reactions, Newton in fact
wrote:

“it seems probable to me, that God in the Beginning form’d Matter in solid, massy,
hard, impenetrable, moveable Particles, of such Sizes and Figures, and with such
other Properties, and in such Proportion to Space, as most conduced to the End
for which he form’d them” 18 [i.e the composition of natural bodies].

The followers of Newton brought this idea further and applied it to iatrochem-
istry. This 1s the case of James Keill who, in order to explain the composition of
blood set forth the following hypothesis:

“A few different sorts of particles variously combined, will produce great variety
of fluids, some may have only one sort, some three, ore more ... If we suppose only
five different sorts of particles in the blood, and call them a, b, ¢, d, e, their sever-
al combinations, without varying the proportions, in which they are mixt will be
these following:

ab: ac: ad: ae:

be: bd: be: cd:

ce: de: abc: adc:

bdc: bde: bec: dec:
abed: abe: acde: abd:
bede: abede:

But whether there are more or fewer in the blood, I shall not determine.”*®Arnold
Thackray has seen in this explanation the first attempt to apply an algebraic
method to chemistry and has not seen that Keill has used Lucretius’ analogy
between atoms and letters and that, exactly like the Latin poet, conceived no more
than 5 difference atomic shapes, here represented with the initial letters abcde.
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Following Boyle’s application of the corpuscular hypothesis to chemistry, a typi-
cal reaction which was explained in Lucretian terms were those involving salts.

The French apothecary Nicolas Lemery, in is famous Cours de Chymie (Paris,
1675), conceived this specific chemical reactions in terms of particle shape and
movement. While acids salts had a pointed shape which explained their sharp
taste and their tendency to solidify by forming pointed crystals, alkalis were com-
posed of a porous texture so shaped as to admit entry of the spike particles of
acid.20

This result was to have crucial consequences.

During the early 1660s a pupil of Giovanni Alfonso Borelli and successor of
Galileo in the chair of mathematical of the University of Pisa, Alessandro
Marchetti, translated Lucretius into Italian and although the book was not print-
ed until 1717,2! manuscripts copies of the translation widely circulated and not
only in Italy within scientific circles. Domenico Guglielimini was among those
who was particularly influenced by Marchetti’s translation and he was the one
who introduced for the first time the term molecole in the Italian language.?2
Guglielimini took from Lucretius the idea that atom were constituted by minimae
partae (minimal parts) which could be considered as geometrical figures and
which were actually the cause of the different forms of atoms. These minimal
parts, however, did not have an independent existence and the materiality was a
quality which belonged exclusively to the atoms they belonged. It seemed there-
fore that the minimal part served Epicurus and Lucretius to build an atomic
geometry which was alternative to that of Euclid (which as it is well know is based
on the axiom that points have neither parts nor extensions) and at the same time
to keep the physical materiality of the atom. Crystals observed with the micro-
scope in salts seemed to confirm that elementary particles had specific geometri-
cal forms! Following his observations with the microscope, Guglielmini developed
the idea that the shape of the atoms constituting salts could be reduced to homog-
enous geometric forms deducted by the crystals configurations.

A salt reactions was visualized for the first time in the work Conjectures
physiques by the Dutch natural philosopher Nicolas Hartsoeker.2? He thus repre-
sented, for the first time in a scientific treatise, the shapes of the particles of an
alkali as cylinders porous to the extremities. This particular shape made it natu-
ral to the pointed particles of acids, represented as nails, to fill the pores and to
enter in combination with the alkali. Hartsoeker however went even further in his
explanation of the reaction by showing how the round particles of water, repre-
sented as in Lucretius like small spheres, separated the alkali from the acids.
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In 1768 d’Holbach promoted a French translation of Lucretius’ DRN.2* The
author of the translation was La Grange, a materialistic philosopher tutor of
d’Holbach sons, but the commentaries which accompanied the translation were
the works of scientists, some of whom like the chemist Jean Darcet, were distin-
guished members of the Académie Royale des Sciences in Paris.

Against this background, it is not surprising that d’'Holbach was one of the most
important protagonist in the revival of Lucretius’ doctrine of organic matter. In
his Systéeme de la nature, anonymously published in 1770, he summarised the con-
tents of his work, and more generally of his philosophical doctrine, as follows:

“It will not then be inconsistent with observation, repugnant to reason, contrary
to good sense, to acknowledge that matter is self-existent; that it acts by an ener-
gy peculiar to itself; that it will never be annihilated. Let us then say, that mat-
ter is eternal, that nature has been, is, and ever will be occupied with producing
and destroying; with doing and undoing, with combining and separating; in short,
with following a system of laws resulting from its necessary existence. For every
thing that she doth, she need only to combine the elements of matter; these,
essentially diverse, necessarily either attract or repel each other; come into colli-

sion, from whence results either their union or dissolution.”?®

As emphasised by this passage, d'Holbach attributed to matter an inner energy, to
nature the necessity of laws regulating occurrence of natural phenomena, and to
sensuous experience the possibility of knowing and manipulating them by following
the paths indicated by nature herself. D’Holbach had been the translator of Stahl’s
chemistry into French and his idea on matter heavily relied upon the conviction
that atoms had an inner force which enabled them a self organization. His doctrine,
shared by Rouelle, Roux and Darcet, was mixture of materialistic and vitalistic con-
cept which on the one hand enhanced the epistemological value of qualitative chem-
istry and on the other undermined mathematical authority.

From an entirely different perspective Lavoisier developed a corpuscular view of
matter which also relied on the reading of Lucretius. While Lavoisier shared
d’Holbach’s views that chemistry could not be reduced to mathematics and that
the appreciation of the individual qualities of the ingredients of a reaction was its
distinctive feature, he thought that quantification had a central role in the exact
identification of these same ingredients. To this aim, between 1766 and 1767, he
proposed to measure the quantity of salts dissolved in water by determining their
specific gravities and by preparing comparative tables of the results. What he
expected from these results was to gain different quantitative numerical data for
each and every salt he had analysed. Lucretius also thought that each solid body
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had a different specific gravity and that this was due to the fact that atoms them-
selves had different specific weight. Lavoisier owned two copies of the Latin poem,
one in Latin and the other in French in the d'Holbach edition.26 True, Lucretius
was never cited in Lavoisier’s works. However, there are several instances in his
work of analytical chemistry which clearly show a close reading of the Latin poem.
Space limitation does not permit to go through them now. Here it suffices to men-
tion the most evident, and perhaps most important, of them. In 1789 Antoine
Laurent Lavoisier published a Traité élémentaire de chimie a work which, accord-
ing to his contemporaries introduced the quantitative method of analysis of reac-
tion as the sole viable investigative path for chemistry. In the central part of the
Traité the French chemist established that

“in all the operations of art and nature, nothing is created; an equal quantity of
matter exists both before and after the experiment; the quality of the elements
remains perfectly the same; and nothing takes place beyond changes and modifi-
cations of these elements. Upon this principles the whole art of performing chem-
ical experiments depends: we must always suppose an exact equality between the
elements of the body examined and those of the products of its analysis.”27

The identity of this principle, eventually regarded as one of the most important
laws of chemistry, with Lucretius’s doctrine of conservation of matter is remark-
able. The Latin poet in fact stated in the first book of his poem that “nothing is
ever produced from nothing” and that “no single thing returns to nothing, but all
by disruption return to the elements of matter”. (DRN, I, v. 150 e 248-50).

After Lavoisier chemical atomism gained momentum and with the works by
Berthollet, Dalton, Berzelius and Avogadro a new story began which finally left
Lucretius behind and in which no traces of the classical atomism were left. This
shift became possible because the systematisation Lavoisier gave to chemistry
made it useless to resort to the history of atomism and gave a modern basis in
which chemistry could progress with its own autonomous theoretical means.
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1 All the citations from Lucretius’ De rerum natura (hereafter abbreviated as DRN) have been
taken, with a few modifications, from volume 1 of Titi Lucreti Cari De rerum natura libri sex.
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