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Summary. The paper describes Geoffroy’s table of pro-
portions. The context in which it was developed is discussed,
and subsequent tables, particularly those of Bergman, are
dealt with at some length. The impact that such tables,
known as affinity tables, had during the 18th century, and
the reasons of their vogue receding with the birth of modern
chemistry at the time of Lavoisier and Dalton are analysed.

Introduction

To appreciate the novelty and impact of the table of relations
“rapports” in French (Fig.5), introduced in 1718 by
Geoffroy [1] it is worthwhile to try and understand which
were the dominant concepts, or as we would say now the
paradigm, of chemistry at that time.

We can for that purpose read Nicolas Lemery’s “Cours
de Chymie” first published in 1675 [2] and still a standard
text in 1730, not really to be outdated before the publication
of Macquer’s “Eléments de Chymie-Théorique” (Fig. 2) in
1749 [3].

After making the remark that most authors who wrote
on chemistry did so with such obscurity that they seem to
have endeavoured not to be understood, and to have but
too well succeeded, Lemery goes on by defining chemistry
as “an art that teaches how to separate the various sub-
stances that are found in mixtures (mixtes, in French)”. He
adds “I mean by mixtures naturally occurring matter (“les
choses qui croissent naturellement”) namely minerals, plants
and animals”.

Indeed the main purpose and time consuming occupation
of chemists, often referred to as “artistes” in no deprecating
sense in the French texts, was to analyse every possible
sample of matter. As soon as the 17th century analysis of
waters was a common pursuit, but as late as the end of the
18th century, Klaproth, Kirwan, Rouelle, and even in his
early days Lavoisier, devoted much if not all their time to the
analysis of minerals, and of all kind of organic substances.

But what were the constituents into which mixtures had
to be resolved in order for an analysis to be performed?

They were designated in French by “principes” and we
shall use the word “principle” in English.

Lemery starts by stating that the first principle that one
may accept in the making of mixtures is an “universal spirit”
that being present everywhere produces various effects ac-
cording to the various matrices or pores of the earth in which
it is found enclosed. But Lemery follows up immediately
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Fig. 1. Portrait of Etienne Francois Geoffroy, by permission of the
archives of the French Academie of Sciences

with the comment that this principle being of a somewhat
metaphysical nature, and not being perceived by the senses,
it is well to establish sensible ones.

He states that when analysing mixtures chemists found
five substances and concluded to five principles to wit: water,
spirit, oil, salt, and earth. Of which spirit, oil and salt are
active and water and earth are passive i.e. do not act by
themselves but may accept, and foster the action of active
principles such as oils; and he gives the example of vitriol
oil that being diluted in water is more active than when
concentrated.

The influence of the Aristotelian concepts is obvious in
this classification, though fire is no longer considered as an
element, but also those principles are to be considered as
generic terms.

For instance Lemery refers to mercury as to a spirit and
the first of active principles. “Sulfur” is an oil for Lemery
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Fig. 2. From page of Macquer’s epoch making treatise of chemistry
[3] from the library of Conservatoire National des Arts et Métiers

and has little relation to the element now designated by the
same word; and Geoffroy himself very clearly explained in
his “tractabus de materia medica”, translated into French
as “Traité sur la matiére médicinale” [4], how when wine is
analysed by distillation one finds successively an ardent
water or spirit, an insipid water or phlegm, an acid liquor
(which is found also in vinegar) named spirit or mercury,
finally an oil or sulfur. The dry residue (after further extrac-
tion) is an earth known as caput mortuum.

This illustrates the difficulty that one meets with when
reading those old papers. One constantly must wonder
whether the author refers to a general principle or to a
specific substance, and in the latter case whether this sub-
stance is or not the same as the one that bears the same name
today.
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Interestingly, Lemery points out that the principles of
chemistry are only principles inasmuch as we are unable to
analyse matter any further. He also wonders, and this is a
question that Berthollet will address one century later,
whether what is extracted from a mixture was present within
this mixture under the same form before extraction.

It should also be remembered that today’s metals were in
the 17th century considered as compounds, the most recent
theory at the time of Geoffroy being that they were a
combination of “calces” (the modern oxides) and phlogiston.
This complex nature of metals was of course what justified
in the past alchemists in their search of a reactant that
could change metals into gold. And though Stahl’s “sublime
theorie” of phlogiston has nothing to do with alchemie, the
idea that there could be a relation between the seven
metals that had been isolated by the ancients (gold, silver,
mercury, copper, iron, tin and lead) and the planets, and
subsequently with illnesses affecting various parts of the
body (the head for the moon, the liver for mercury, etc.)
was still alive. Even later Macquer writes that “though there
is no proof to support this idea he does not dare say that it
is absolutely wrong”.

Also by neglecting or overseeing the fact that air was a
reactant, and a weighable one, the premature use of the
balance by a chemist like Van Helmontlead him to erroneous
conclusions. By watching a willow twig planted in a pot
grow from an initial five pounds into a 160 pound tree with
not other external supply than water he concluded, quoted
by Geoffroy, that the salt and sulfur principles it contained
came from the water and for a little part from the earth, of
which a few ounces had disappeared.

Finally though Lemery was very careful to stick to facts,
as we have seen when he discards the concept of universal
spirit, he enters into explanations of how the different
principles act, and he is both influenced by theoretical
Cartesian concepts and by observations from which however
his conclusions must today be termed non-sequiturs.

From Geoffroy’s writings one can find that he essentially
shared the same idea, which is the reason why they are
mentioned here.

“Earth and water”, writes Geoffroy, “are not sufficient
to form mixed matter; movement and the power to (re)act
must be present also, this subtle principle may be considered
as the peripatetian’s fire or as Descartes’s subtle matter”.

Chemistry should give an idea of the nature and “figure”
i.e. geometry, of the elementary “petits corps” which in the
Cartesian terminology were small bodies that together with
movement were the basis of Descartes explanations of physi-
cal phenomena.

One thus had to accept that those small bodies had
figures that explained their nature and reactions. Acids for
instance consisted of particles equipped with points.
Differences between the sharpness of those points were the
reasons for differences in strength of acids.

Such a concept was not purely abstract, experience
seemed to support this view as one could feel the points of
acids on the tongue when tasting them, and one could see
the points when acids were made to crystallize.

Newton’s conception of forces acting between distant
objects seems to have been ignored by Geoffroy, but he
must have known of the dispute between Gassendi, who
contended that the interval between “petits corps” was void
of matter, and Descartes who maintained that such bodies
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Fig. 3. Portrait of de Boérhave from the archives of the French
Académie des Sciences

reacted with one another through subtle matter joining them.
Clearly Geoffroy followed Descartes.

To illustrate how difficult it was to stick to positive ways of
thinking let us mention that Boyle, who wrote in 1666 “The
sceptical chemist”, and developed the idea that chemical
phenomena were due to purely mechanical interactions of
very small particles, also wrote in 1679 (or before: it was
translated that year in French) a book whose title at least is
a very anthropomorphic description of chemical reactions:

“Experiments and observations on the fight resulting
from mixing bodies”. (Recueil d’expériences et observations
sur le combat qui résulte du mélange des corps).

Other authors like Boérhave (Fig.3) preferred to
compare chemical reactions not to fights but to lovemaking

[51.

The table of relations

It is in this context that in 1718 Geoffroy established and
published in the Mémoires de I’Académie Royale des Sciences
(Fig. 4) his “table des différents rapports observés en chimie
entre différentes substances” that was to have so great an
impact on chemistry throughout the 18th century, only to
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Fig. 4. Front page of the volume of the History of the Académie
Royale des Sciences [1] in which Geoffroy’s table of relations first
appeared, from the library of Conservatoire Nationale des Arts et
Métiers

fall into oblivion, and even into contempt, when the effort
of chemists focussed on perfecting Lavoisier’s and Dalton’s
concepts of chemical events, from the start of the 19th cen-
tury on.

Who was this Etienne Francois Geoffroy, who signed
Geoffroy I'ainé, in order to distinguish himself from his
younger brother who was a pharmacist and succeeded to
their father!, as Etienne Francois should have done if he
had not stubbornely resisted, in order to become a medical
doctor, but a doctor devoted to study the scientific founda-
tion of his art: chemistry?

We know about his life because in the French academy
the duty of the secretary was to write the praise of
academicians who passed away. Fontenelle did write praises
of high literary value, and at the same time quite informative
and accurate.

Geoffroy wrote in 1704 his thesis himself, though appar-
ently at that time the president of the jury of the candidate
was expected to write it. Remarkably this thesis, that was
written in Latin, had to be translated into French at the
request of ladies, specially of ladies of the highest rank in

! Hence the caption on this portrait “Geoffroy son, the elder”
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Fig. 5. The oniginal table of relations by Geoffroy from [1]. Because they were colored, gold, copper, iron and antimony were solar metals,
and their symbols included a full circle. Metals other than gold were more or less imperfect and their representation show either a cross or
an arrow to indicate it. Silver and other lunar metals, tin and lead, were white. They are represented by a half circle, sometimes difficult to
recognize, to which in the case of metals other than silver imperfection signs are added. These original rules quoted by Hassenfratz in [18]
also explain the symbol of mercury a metal both solar and lunar and imperfect. However, these rules were forgotten gradually and signs

became arbitrary

the court. When one merely reads the title “Whether the
beginning of man was to be a worm?”, one may wonder
whether Geoffroy was a forerunner of Darwin and in that
case why ladies were so eager to read his thesis.

In fact what he describes as “worms” are those little
“animals” found in sperm and known nowadays as
spermatozoons. These “animals” had only been discovered
by Hartsoeker around 1675 and published, with the help of
Huygens, in 1678. So touchy was the subject that at first
those “animals” were said to have been discovered in saliva
by Hartsoeker who only revealed the truth when another
chemist claimed also to have observed them in saliva! Any-
way, Geoffroy describes very accurately how a spermatozoon
from a male fertilizes the egg of the female. He discusses the
number and activity of spermatozoons in the semen of young
boys, of mature and old men. He also describes the woman’s
role in the conception of the fetus, and his rendering of facts
is astonishingly accurate, and ahead of his time, as can be
seen by the statement of Voltaire years later that it is not
known how children are conceived. No wonder that, as
Fontenelle puts it, “ladies wished to be enlightened on
mysteries the theory of which they ignored” [6].

Other remarkable quotations from his work could be
made. I will only cite those words that could have influenced

Lavoisier: “One is never so sure to have resolved a mixture
into its true constituents as when, with the same constituents,
one has been able to recompose it.”

To introduce his table of relations Geoffroy observes
that when several substances are mixed together one of these
will always combine with a certain other one, preferably to
all others. He explains further that among substances that
are enclined to combine, when two bodies are effectively
combined, some substances when added or mixed with these
bodies will cause them to separate (“let go” in his words).
Other substances will neither separate them nor combine,
like the preceding ones, with either of the two. Though as
he excuses himself he has not been able to study all possible
combinations, he proposes that “every time that two sub-
stances that have a tendency to unite are combined, if a third
one appears, that has more relation to one of these two, it
combines with that one forcing the other one to let go”.

On this basis he drew his table where substances
employed in chemistry are represented by the symbols in use
at his time (Fig. 5).

On a first row one finds sixteen such substances. The
first one concerns acid spirits in general whereas the three
following ones are respectively the acids of marine salt, of
nitre, and the vitriolic acid. Similarly after the eighth sub-
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stance, which is a metallic substance in general, one finds
mineral sulfur ?, mercury, lead, copper, silver (note the moon
like symbol), iron, antimony; finally one finds water. Under
each substance other substances are disposed in columns. In
each column the one that has the most “relation” with the
substance at the top is written down first. Therefore any
substance will detach from the one at the head of the column
all those that are below it. Conversely it will be separated by
those above it.

As an experienced professor Geoffroy gives a detailed
example of how to make use of his table, and he chooses to
demonstrate how it enables to understand the preparation
of calomel.

The usual preparation consisted in mixing calcinated
vitriol (iron sulfate), with marine salt and mercury first dis-
solved in “esprit de nitre” (nitric acid) and then evaporated.
By distillation nitrous vapors are observed to escape, mixed
with some “spirit of salt”, a white deposit, which is calomel,
forms at the top of the vessel and a reddish residue remains
at the bottom which he identifies as colcotar, or safran de
Mars (ferrous oxide).

The table shows that: a) acids combine more readily with
“absorbing earths” (here it will be sodium) than with metals;
b) the fifth column shows that vitriolic acid combines more
readily with these earths than the acid from marine salt.

Consequently vitriolic acid will let go from the metal in
vitriol to combine with the earth from marine salt.

The acid from marine salt would evaporate because it is
volatile, however, as shown by the eighth column it will
attack metallic substances; in the present case both mercury
combined with nitric acid and iron combined with vitriolic
acid. Liberated nitric acid finds nothing to combine with,
since sodium (the earth from marine salt) unites more readily
with vitriolic acid; it consequently evaporates and decom-
poses into yellow nitrous vapors.

His demonstration obviously would not be accepted to-
day, but it enables Geoffroy to rationalize an, up to his time,
entirely empirical process. He explains further why, though
one could dispense with nitric acid and use pure mercury in
the preparation, mercury “divided” by the acid reacts more
readily; and also why, if one starts with mercury nitrate,
vitriol is not indispensable. The reason is that nitric acid
having more relation with the earth from marine salt will
liberate the acid from the marine salt and enables it to react
with mercury.

Finally, calomel can be prepared by a wet route by dis-
solving mercury in nitric acid and pouring into the solution
marine salt, or even by pouring directly spirit of salt (or acid
from marine salt) over mercury dissolved in nitric acid.

The table of proportions serves as a guide for these last
reactions in a similar way as above.

The fate of Geoffroy’s table

Geoffroy himself warned that separations predicted by his
table were not always perfect due to a variety of causes, but
nevertheless the rules that it summarized could be considered
constant. '
When submitted to be read at the academy the historian
commented highly on this table [7]. He stressed the predicting

2 In addition Geoffroy has a symbol for principe huileux or soufre
principe that, according to Partington, is similar to phlogiston

value of the table and how pleasing to the mind it was to
have achieved if not “the certainty of mathematics” at least
an imitation of their order. Interestingly, when stating that
explanations for substitutions predicted by the table are
not known he adds “here sympathies and attractions would
come in a propos, if they were anything”. The next echo we
have of how the table was received is two years later when
three objections were raised and mentioned also in the his-
tory of the Academy [8], along with the answer by Geoffroy
[9]. Two of these objections are said to be due to Geoffroy’s
younger brother. Essentially, the place of quicklime in the
columns was contested because it could cause ammonia to
be evolved from salts of “volatile alkali”, which it should
not be able to do, as limestone is an “absorbing earth” and
therefore is below alkalis in the columns of acids.

The answer was that quicklime is not limestone and,
though he could not prove it at the time, Geoffroy claimed
that it contains an alkali stronger than ammonia.

A similar question was raised with respect to the action
of iron filings that also can evolve ammonia from its salts
though metals are less strongly attached to acids than alkali
in the table. The less convincing answer was here that filings
are not massive iron, and furthermore are usually digested
in ammonia salts for 24 h before starting the reaction
mentioned.

But soon after that the use of the tables spread in France,
specially under the influence of Macquer who reproduced
them in his treatise. And so fundamental did they scem that
the article “Chymie” of Diderot’s Great Encyclopedia [9]
reproduces them with a few additions by Rouelle. On the
page where they are printed (Fig. 6) one can see the picture
of a chemical laboratory in the middle of the 18th century,
and each of the persons represented has a role, even the
physicist discussing with the chemist. Strangely however, the
author writes that what physicists have written on chemistry
is very imperfect because of the absence of a detailed
comparison with facts, and he criticises even Boyle, Newton,
Boérhave and others, on this ground [10].

Incidentally in France since the 17th century, chemists
seemed to take a dim view of physicists. Le Fevre pretends
that when asked about the composition of a substance a
physicist will only answer that it must be made from parts
having a finite dimension, but however the reverse could
also be true. And he claims that physicists contrary to
chemists fear to soil their hands with coal and are content
to read their thesis and then to boast of their degrees, as
chemists stick to their furnaces and analyse matter [11].

The success of the tables was even greater outside France.
They were reproduced and followed by “improved” tables all
over Europe. One finds a detailed account of the publication
and contents of such tables in [12—14]. Their list is re-
produced in Table 1 from [12] with the addition of Lavoisier’s
and Guyton de Morveau’s tables.

The followers of Geoffroy

After Geoffroy the word relation (for the French “rapport”)
was abandoned.

Geoffroy had purposely picked that word in order to
avoid affinity, that might have anthropomorphic implica-
tions, and refrained from using attraction that could imply
adhering to Newton’s conception of forces acting between
distant objects.
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Fig. 6. Page of the “Encyclopédie ou dictionnaire raisonné des sciences des arts et métiers” par une société de gens de lettres, mis en ordre
par M. Diderot, Paris 1753. vol. III of Recueil de Planches — under the heading chimie-laboratoire. This encyclopedia was known as “the
great encyclopedia” in France. Photograph courtesy of the library of Conservatoire National des Arts et Métiers

Followers of Geoffroy either like the French did not load
the word affinity with a connotation of sentiments that was
no longer to be feared due to progress in chemistry, or like
Bergman (Fig. 7), they were explicitly Newtonians and as
Fourcroy puts it since the progress of science had assigned
those supposed rapports to attraction forces established by
nature this expression fell into oblivion [15].

However, the firm foundation of the tables remained that
they were built from facts and observations and proposed
no interpretation. Given the tables one could understand
reactions or predict behaviours, one did not explain either.

It is within that scope that successive builders of tables
tried to improve on Geoffroy’s.

First they included more and more substances as from
his own words Geoffroy himself would have tried to do. This
did not improve very much the original table and on the
contrary made their use unwidely when as many as 59 sub-
stances could finally be listed. Shortened versions of the
more lengthy tables then appeared!

Major changes are to be looked for in other directions.
I will comment mainly on Bergman’s work [16], because
of the great importance that this “dissertation on selective
attractions” had up to the Lavoisier revolution that brought
an end to his influence, because Bergman based his ex-
planations of chemical facts on the phlogiston theory that
was rejected, and because the concept of affinity was no
more the driving force behind fruitful research.

Unlike Geoffroy, Bergman starts by a discussion of
chemical forces. He writes that attraction is an universal
property, whose causes are not investigated. But Bergman
distinguishes long range attractions from short range
attractions. In the first case, as between stars, objects can
be assimilated to dimensionless points. When considering
chemical elements this is no longer the case and the shape
of substances reacting with one another plays a role because
every point of each body attracts points of the others.

This enables one to understand why forces may be
specific of each substances, and it also reconciles the tenets
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Table 1, Tables of affinity and similar tables in the 18th century. Reproduced from Duncan [12]

28 columns, representing order of increasing solubility, not decreasing affinity, symbols
15 columns of substances that combine, and 10 supplementary columns of those that do not, symbols

120 columns each showing the order of affinity of only two substances with a third, symbols

one table for the wet way and one for the dry one, eventually extended to 59 substances, symbols
not in columns, distinguishes wet and dry ways, and reactions involving more than two substances,

not in columns, distinguishes wet and dry way, and reactions involving two, three or more substances,

table limited to five acids and seven bases but giving numerical values and “enabling to solve 490 affinity

shortened version of Bergman’s table, 36 columns for wet way and 25 for dry way, symbols

Date of issue Author Description
1718 Geoffroy 16 columns, uses alchemical symbols
1730 Grosse 19 columns, symbols
1749 Clausier not in columns, but 78 lists of substances in order of affinity, written in words
1751 Gellert
1756 Riidiger
1758 Limbourg 33 columns, symbols
1762 Marherr
1763 Rouelle 19 columns, mainly derived from Geoffroy, symbols
1763 . Spielmann 28 columns, symbols
1769 Demachy 20 columns and appendices, symbols
1773 unknown ‘ouvrage’ printed at the Imprimerie Royale, referred to by Demachy but untraced
1773 De Fourcy 36 columns
1775 Erxleben 36 separate lists, in words
1775 Bergman
1777 Weigel
shows product of reactions, words
1781 Wiegleb
words

1783 Lavoisier table limited to one column that of “oxygine”
1786 Guyton

de Morveau cases”
1788 Berkenhout
1790 Gergens and 40 columns, distinguishing wet and dry ways where appropriate, words

Hochheimer

Fig. 7. Portrait of Bergman, from the archives of the French
Académie des Sciences

of Newtonian physics with the affirmation of Cartesianism
(though not explicitely so in Bergman’s writing) that the
figure of chemical elements has a determining influence on

the way they interact. Indeed, Guyton de Morveau calculated
later differences in attraction due to shapes.

In his treatise Bergman discusses all the implications and
difficulties that his predecessors, and specially Macquer in
his classical work, had found linked to the concept of affinity.
Firstly Bergman addresses the fundamental problem: is the
order of affinities (the word I shall use instead of his “attrac-
tion” for sake of uniformity throughout this paper) constant
or does it depend on circumstances, i.e. on the conditions
under which reactions occur?

The answer to this question is in fact the subject of eleven
chapters of his book where a definition of different kind of
affinities is to be found as was first proposed by Macquer.
The simple, or single, affinity occurs when of three sub-
stances two combine and expel the third one. Double affinity
is met with when two compounds, each consisting of only
two principles, exchange these constituents in the reaction.
The number of participants in a reaction is not the only
criterium of differences in kind of affinities. The nature of
the interaction itself is taken into account. Thus affinity of
aggregation, affinity of solution or fusion, and many other
ones, are defined. For instance, the first one relates to the
case when the only change is an increase of the amount of
substances whose nature remains unchanged.

The table of affinities consists of 59 columns, among
which 25 for the acids, 15 for the metals, 3 for alcohols, and
in addition to other categories such as earths, sulfur, spirit
of wine, etc. one finds also one column for each of the
following substances: vital air, phlogiston, the matter of
heat, water.

Even more fundamental perhaps is the introduction of
two sets of affinities, one in the dry way the other in the wet
way.

The difference between the order observed in the two sets
may be assigned to the action of heat, to which a chapter is



Table 2. Dates of birth and death of chemists and principal persons
mentioned in this paper

Aristotle -384—--322
before present ERA

Bergman 1735—1784
Berzelius 1779 —1848
Boérhave 1668 — 1738
Dalton 1766 —1844
Boyle 1627 —1691
Descartes 1596 —1650
Diderot 17131784
Dumas 1800 —1884
Fontenelle 16571757
Fourcroy 1765—1809
Gassendi 1592 —1655
Gellert 1713—1795
Geoffroy 1672—1731
Guyton de Morveau 1737—1816
Hartsoeker 1656 —1795
Hassenfratz 1755—1827
Huygens 16291695
Kirwan 1733 —1812
Laplace 1749 —1827
Lavoisier 1743 —1794
Lemery 1645—1715
Le Fevre 16107 — (1669 —1674)?
Macquer 1718 —1784
Newton 1642 —1727
Rouelle 1703 —-1770
Stahl 1660 —1734
Van Helmont 1577 —1644
Voltaire 1694 —1778
Wenzel 17407 —1793

devoted, as the wet way is followed at room temperature
and the dry way at an elevated one.

As Lavoisier later remarked, in fact the action of heat
implies that an affinity table is only valid at a given tempera-
ture.

Bergman in addition to variations caused by heat dis-
cusses a number of “irregularities” which he calls apparent
ones, namely those due:

— to double affinities;

— to successive modifications in the substances (these
irregularities are similar to those explained by Geoffroy
when discussing the reaction of quicklime with saltammonia);

— to solubility; this kind of affinity had been treated
rather exclusively by Geliert (see Table 1);

— to three substances combining;

— to a given excess of one or the other of the principles; it
is interesting to note that when discussing this “irregularity”
Bergman refers explicitly to “the amount of one component
that is necessary to saturate another when both are
combined®. He was on the way to, but never arrived at, a
law of defined proportions.

Having dealt with the various types of exceptions
Bergman comments on his table.

For Bergman phlogiston and heat were weighable sub-
stances, and he describes his way of calculating their weight
in a given reaction. Vital air strangely he deems difficult to
classify because it barely reacts unless fostered by double
affinities or by a large excess of heat.

In contrast to Geoffroy, Bergman not only describes
facts on which the construction of his table is founded but
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Fig. 8. Portrait of Guyton de Morveau from the Archives of the
French Académie des Sciences

interprets them in the light of concepts of the chemical nature
of matter and of chemical reactions.

For instance, he explains the precipitation of gold from
solutions by another metal not by the greater attraction of
the acid for that other metal but because phlogiston attaches
itself more readily to the calx of gold (thus producing the
metal) than to the calces of other metals.

In view of all the possible irregularities listed, and to
cover reactions in which known substances took part,
Bergman could easily calculate that more than 30,000 experi-
ments were still required to make his table complete, a task
for which he requested the help of all other chemists.

Finally, Guyton de Morveau’s long article in “Encyclo-
pédie Méthodique” de Panckouke (not to be identified with
Diderot’s Encyclopédie of which it was partly an abridged
version), expands the state of the art on the subject in 1786,
taking all preceding efforts into consideration [18] (Table 2).

Guyton de Morveau (Fig. 8) who with Lavoisier,
Berthollet and De Fourcroy was to publish in the following
year the paper on chemical nomenclature that was to be a
corner stone of modern chemistry [18], devotes much of the
space of his review to quantitative considerations. This was
new though diagrams such as the one presented here
(Diagram 1), where numbers characterize forces acting be-
tween components, have their origin in the qualitative ones
that one finds not only in Bergman’s dissertation but in
some of his predecessor’s work. But Guyton de Morveau
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integrates in addition Macquer’s idea that “there is a mutual
exchange (of elements) each time that the sum of activities
that each of the principles of both compounds has with the
principles of the other surpasses the sum of activities that
the principles forming the two initial compounds have, when
forming the initial compounds”.

In the example shown on the diagram the initial
compounds “vitriol de potasse” (potassium sulfate) and
“nitre d’argent” (silver nitrate) show a total affinity of 9 +
2 = 11. Potassium plus nitric acid show an affinity of 8,
vitriolic acid and silver calx (the hypothetic dephlogistonated
silver that combined with acids) are assigned an activity of
4. Consequently, vitriolic silver and potassium nitrate should
form when vitriol de potasse and nitre d’argent are mixed,
because 8 + 4 = 12 is greater than 11.

Nitrate de Potasse

8

Potasse Acide Nitreux

Vitriol de Potasse 9 2 Nitre d'Argent

Acide Vitriolique Chaux d'Argent

Vitriol d'Argent

Diagram 1. Diagram of double exchange

The largely unsolved problem is to assign a priori values
to the affinities that could enable to predict the course of
reactions, instead of picking numbers that “explain” them.
An attempt to produce such sets of values is given by tables
such as the one in Fig. 9 given in the article.

Guyton de Morveau also interprets reactions as Bergman
did. The latter did so exclusively with the help of phlogiston
which, for instance, he introduces as the fourth component
in exchanges involving apparently only three constituents.
Guyton de Morveau refers also to Lavoisier’s ideas and in
parallel to the loss of phlogiston as the cause of formation
of calces he gives the fixation of “air vital” by the metals.

Progress in chemistry also shows up in his work by the
fact that the influence of concentrations on apparent affini-
ties is recognised, and that notions of neutralization and
saturation are clearly distinguished. Here the influence of
Kirwan is acknowledged.

The determination of affinity however remains a prob-
lem. Bergman had apparently relied on the original concept
based on displacement of principles by one another, and was
certain that for instance mercury and silver were precipitated
from vitriolic and nitrous acids by an addition of copper.
Guyton de Morveau who had studied extensively adhesion,
considered it as due to a form of affinity that could be
measured by other means and seemed ready to follow
Kirwan who stated “the affinity of an acid with the amount
of base that lacks (to achieve saturation) is in the ratio of
this quantity to the total amount of base with which it can
combine”. A difficulty, among others, that this concept met
with at the time was that the quantitative composition of
many compounds was not well known. The table of composi-

TABLE des expreffions numériques des affinités de cing acides & de fept bafes,

N.B. Cette Table eft la m¥me que celle qui fe trouve a 1a page g58 de ce volume. Ayant été ob'igé, depuis
qu'elle eft imprimée , d'en redlifier quelques nombres , j'ai penfé quiil feroit plus commode de la retrouver ici toute
entitre, On ne fera pas étonné de ces changemens , fi 'on a faifi le principe fur lequel ces rapports font érablis, &
fur-tout i Fon fait attention que les nombres p'acés dans ces 35 cafes doivent répondre déjs & 490 fymboles ou cas

d'affnités, (Foyey page 609).

Acipez Acipe Acipe Acl;—_ ’_ACIDI

fulfurique nitrique | muriatique | acéteux | carbonique
Baryte 66 (31 16 28 14
Potaffe 61 58 31 26 9
Soude 58 50 L 24 8
Chaux $4 44 14 19 12
Ammoniaque 46 38 21 20 4
Magntfie 50 . 40 21 1y ¢
Alumine 40 36 18 15 3

Fig. 9. Table of numerical values of affinities by Guyton de Morveau from [16], library of Conservatoire National des Arts et Métiers
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P jons des parties conflituantes dans quelques fels, fuivani
TR mpa;f‘M. Bcrgfrun, W tr{:':rf & Kirwan,

NOMS SUIVANT Brroman, Survant M. Wewzer. Suivant M. Kinwa o,
DES SELS. Il ciennene
pont 449
N ) P T e L N |
Acide. | Bafe. l Eas. | Acide.| Bufe, | Eaw. | Acide lI Bafe. 1 Eax
et —
de baroe | 7 | 65 a8 r |
de chaux | 34 | 11 i 432 11;.7 11 15,48 | 5592 | 10,66
= | T E
de magnélie ] 3§ | %5 | jo 354 457 | 258
Méphire}  dalumine 76,93 l 13,08 26 74
de potafle | 20 48 32 L] I 21,457| 77,541 |
de foude | 16 ] 10 lr,.‘ o \ i lI S e
|
ammoniacal | 4% [4] i 1 17 = | 53 j 44 3
( de barote § 13 | ] : 1
| 19,44 | 32 | 35,56
de chaux | 46 l J2 11 59,8 [ 42 | ! el K s
; | | 3575 | 19 78
) l '9 | 4 1963 | 1687 | 535 | (065 | s6ise 1r 17,8 Juichd
| 1 | 7 23,94 | 18 8,06
d'alumine | 18 i 18 44 l;.ofl |:,M.j ,\,:S. P Lo [easts
I e
de poufle | 40,5 | 515 8 45,35 | S47S i 18,51 | 66,32 l 5,3
) | S
" | | .8 =g i 19,19 | 20,87 | 64,94
pms b \l s 425 ] Pt 25,12 | 48,00 | 23,3800k
ammoniacal ] i 8,75 i 41,35 §1,42 |I 48,58 |
de zinc o | | 1381 | 46,19 o8 I
de fer 39 13 : 38 §7,81 ll 17 |
¢ PR |
Vitriol { de cobalt | | 61,08 | 3892
de nickel ! | ! = ot |
de plomb | j0.08 | 69,9t | 1024 i Gg,76 19,53 | Boygr |!I
Ecee iy

Fig. 10. Table of compositions of various salts as determined by
Bergman, Wenzel and Kirwan. From [16], library of Conservatoire
National des Arts et Métiers

tions of a series of salts established by such great chemists as
Kirwan, Wenzel and Bergman illustrates the point (Fig. 10).

This practical difficulty was not of course the
fundamental reason why stoichiometry could not be a mea-
sure of affinity but simply it was not the right parameter to
use.

Here the difference in foresight of simply very great
chemists like Kirwan, and geniuses like Lavoisier reveals
itself.

Lavoisier and Laplace, the great mathematician, wrote
in 1783 in a communication on heat, as quoted by Guyton de
Morveau, “equilibrium between heat, that tends to separate
molecules that build substances, and mutual affinities (be-
tween those molecules) may provide an accurate means for
the comparison of affinities”. Thermodynamics were in germ
in the mind of the authors of this sentence and hopes to, one
day, be able to calculate in advance the course of chemical
reactions were expressed at the time.

Practical uses of tables of affinity

It is not certain that affinity tables have been used in the
way that Geoffroy describes in his original paper, nor in the
fashion found in Guyton de Morveau’s review where he
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Table 3. Tableau des affinités du principe oxygine avec les differentes
substances avec lesquelles il est susceptible de s’unir principe oxygine

Principe inconnu de I’acide marin, ou principe muriatique
Substance charbonneuse

Zinc

Fer

Principe inflammable aqueux
Regule de manganese

Cobalt

Nickel

Plomb

Etain

Phosphore de kunckel

Cuivre

Bismuth

Regule d’antimoine

Mercure

Argent

Regule d’arsenic

Sucre

Soufre

Air nitreux

Principe de la chaleur

Or

Acide marin fumant du commerce
Acide nitreux/Chaux de mangenese

explains how to use his numerical values to find a prepara-
tion of pure silver nitrate from starting materials consisting
of impure commercial nitrous (meaning nitric) acid, and
silver from non-descript origin or allied with copper, or
how to prepare copper acetate from commercially available
“vitriol de cuivre” and lead acetate. One is not convinced
that he does not propose more a rationalization than a
prediction tool.

Moreover, objections seem to have been raised to Guyton
de Morveau’s numerical values of affinities, specially by
Scheele who pointed out precipitations by carbonic acid that
looked impossible to conciliate with them. Hassenfratz [19]
gave ingenious interpretations of those difficulties and
showed how to use “correctly” the numbers and predict the
observed precipitations.®

Nevertheless Dumas could accuse the tables to have
misled chemists. He cites the case of the preparation of
caustic soda. During the French revolution, in order to
palliate the shortage in this chemical, a new fabrication
process was sought. By looking at affinity tables baryte was
thought to be able to decompose marine salt, and fabrication
of baryte was undertaken and pushed to the point where
dozens of tons of this substances were prepared; all in vain
as the predicted reaction does not take place [22].

The end of research on affinities

Assoon as 1783 Lavoisier had summarized the shortcomings
of affinity tables, he himself had a hand at a partial table
limited to the affinity of oxygen (Table 3) [20].

He remarked that the effects of heat that enabled the
oxides of mercury to be formed at one temperature and

3 He argued that a substance could be extracted from two salts in
contact by an acid having for this substance an affinity greater than
only the difference of its affinities in the two salts
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TABLEAU des combinaifons de I Acide fulfurique ou
de leur affinité avec cet acide ,
b

———

N,

CoOMRBINAISONS DH

L’ACIDE SULFURIQUE.

Soufre oxygéné avec les bafes falifiables dans Dordre
par la voie humide.

NOMENGLATURE NOUVELLE,
T, 0 S S WS |

Noms des bafés.

Sels neutres
qui en refultent.

T P

T

: 9240 onbunfinf sptovy ap suofrourquioy
. e —
»

'La barytese,eeeeaaas

Lapotafle. veveenreans

3 {Lafoude..eiuenennnn.

La chauX i eioanersens
La magnéfie..... .o.0.

L’ammoniaque....,...

Laluminee.c.eeveeees

Loxide de zinCeev e an s

Loxidede ferss cavnue

L’oxide de-manganéfe. .
L’oxide de cobalt......
L’oxide de nickel......
I.’oxide de plomb.....,

Sulfate de baryte........
Sulfate de potafle,..:..,
Sulfate de foude.......¢

Sulfate de chaux.. cetoes
Sulfate de magnéfie. . ...
Sulfate d’ammoniaque. ..

Sulfate d’alumine ou alun.

Sulfate de 2inC.ve.vunes

Sulfate d€ fer...covuess.

Sulfate de mangantfe....
Sulfate de cobalti.......
Sulfate de nickel.
Sulfate de plomb. ......

ceadgnae

13 v

i 14 |L'oxide d’étain........|Sulfate d¢tine.v....00.
15 |L’oxide de cuivre. .... | Sulfate de.cuivre. ......
16 1 L’oxide de bifmuth,... |Sulfate de‘bi(mu.th. ereee
17 |L’oxide d’antimoine. . . [ Suifate d’antimoine. ....

L’oxide darferiic,.....

Suifate darfenice .o urses
Sulfate de mercures.. oy

19 |L’oxide de mercure....

20 |L’oxide d'rgent.. ., ... Sulfate d’argent, .o, .u..

Sulfate d’0F vevvnnarane

21 |Loxide dore . eveeass .
12 | L’oxide de platine..... | Sulfate de platine.......

o —-—-—ﬁ

NOMENCLATURE ANCIENNE,
— e -~

Sels neurres
Noms des bafes. % gici en réfulent.

Vitriol de terre pefante,
fpath pefant,
2 | Lallali fise végétal.. .. {Tanre vitriolé, fel de dito-

b 1 .
Ll i .. S PP

L terre calcaire. ... .-{St‘¢“‘fe » gyife 4 vitriol
calcaire.

. Vitriol de magnéfie, fel
s pla magnéfie......... { &Epfom, fel %Ie-Sedlitz.
s |Lalkali volatil........, §5¢) ammoniacal fecres de
La terve de Palun,..... Alun,
Vitriol blanc, vitriol de
Goflard.
Couperofe blanche , vi-
triol de zinc.
o 1Lachaux de fer. ...... Coupe_rofe verte , vitriol |
martsial , vitriol de fer,
o |Lachaux de manganéfe. Vitriol de manganéfe,
11 | Lachaux de cobalt,. .. Vitriol de cobalt.
12 1Lachaux de nickel..... Vitriol de nickel.
13 | La chaux de plomb. ... Vitriol de plomb.
t4 |Lachaux d%tain.,.... Vitriol d*étain.
15 {La chaux de cuivre.... {‘C;‘Eﬂlgs ecmvre, coupe-
16 | La chaux de bifmuth.,, Vitriol de bifinuth.
17 |La chaux d’antimoine.. Vitriol d’antimoines
18 |La chaux d’arfenic.. .., Vitriol darfenics

La terre pefante...... {

IR
H W

8 [Lachaux de zinc. e vse.

e e e

1 20av anbrjouaia aprov j ap suoftvuiquio)
-

L

19 |La chaux de mercure,.. Vitriol de mercure, F
20 {Lachaux d’argent,. ... Vitriol d’argent. |

Lachaux d’or....,.... Vitriol d’r.

21
\ #2 {La chaux de platine.,.. Vitriol de platine,
R .

e~
RS S

Fig. 11. Table of the combinations of sulfuric acid with bases arranged in the order of affinities in the wet way. The new nomenclature is
used in this table. For comparison the treatise gives also the table with the old nomenclature [24]

decomposed at another, those of the attraction of water, or
of its decomposition were not taken into account. The
division of tables in two parts one for the dry and one for
the wet way was only a partial solution to the problem.
Finally, the tables did not express the variations in affinities
due to the variations in degree of saturation. In spite of this
he presents the combinations of sulfuric acid in his “Traité
élémentaire de chimie” (1789) in the order of the affinities
(Fig. 11).

The exhaustive work on affinities by Guyton de Morveau
practically marked the end point of research in the field.

So diverse had become the notion, so numerous the
parameters to consider in order to achieve a consistent pic-
ture of chemical reactions interpreted in the light of affinities
that understandably, when the concepts of Lavoisier and
those of Dalton opened the way to a new kind of researches
bearing immediate results of practical value, the effort on
affinity declined.

Already in his treatise on Chemistry [21] Thenard devotes
a mere 10 pages, out of more than 3000, to the concept of

affinity. He starts by enumerating seven parameters in-
fluencing affinity among which one finds the relative
amounts of reacting substances and temperature as well as
“electrical state”, specific weight. Those are probably the
less satisfactory pages of a book that, as early as 1827 ex-
panded the atomic theory, Berzelius’s electrochemical scale
and notations, etc. Thenard concludes, after Berthollet, that
the old concept of affinity as found in Bergman was wrong,
as the claim that a greater affinity of A for B than that of B
and C would mean a complete separation of B from C under
the action of A.

Finally, ten years later Dumas (Fig. 12) in a lecture at
the Collége de France refuted the concept of affinity
altogether [22].

He does this in what appears a somewhat prejudiced
manner. He criticizes Geoffroy on the ground that his
“rapports” are disguised attractions which is precisely what
Geoffroy tried to avoid.

He also criticizes theoretical interpretations of Geoff-
roy’s followers and specially Bergman in trying to emulate
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Fig. 12. Portrait of Dumas. From the archives of the French
Académie des Sciences

Newton in the science of molecular movements as a general
explanation of chemistry. This is a distorted view of
Bergman’s work but Dumas repeatedly objects to physicists’
ideas when trying to explain chemical phenomena. On the
other hand, he had for Boérhave, whom he credited with the
first usage of the word affinity, admiring words for sticking
to facts without being carried away by his imagination. He
even likes his comparison of the aptitude of two chemical
bodies to unite, or react, or dissolve, with a marriage. Dumas
found the sentence “they act magis ex amore quam odio”*
very poetic.

More scientifically, the reasons of Dumas for rejecting
affinities were of two natures in addition to being misleading
in some cases. Firstly, a pupil of Berthollet, he followed
partly the ideas of his master who assigned to precipitation
and volatilisation the role that was previously thought to be
that of affinity. Even more important for him was the role
of electrochemical forces that had been discovered by Davy
for whom he professed an immense admiration, going to the
point of quoting his interpretations because “even if they are
wrong they are so beautiful”. He recognized that Berzelius’s
views were however more realistic; in any case electrical
forces enabled to forgo the concept of affinity.

* More by love than by hate
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Conclusion

Firstly with respect to Geoffroy, I would like to quote from
Fourcroy [15] the following remark: “Great men are recog-
nized as much by the fact that their writings contain no
stupic proposition as by the advances they have made.” By
this criterion Geoffroy was a really great man.

Then let us remark that the rise and fall of the popularity
of the affinity concept took place in less than eighty years.
These were the years preceding immediately the foundation
of modern chemistry. In retrospect, and being able to form
an opinion less biased than that of Dumas who was involved
in the heated controversies accompanying the change of
paradigm in chemistry at the beginning of the 19th century,
one may perhaps advance the following view:

The effort put by many of the very best chemists of the
18th century in trying to conceptualize the experimentally
founded notion of affinity or attraction was a major factor
in the progress of chemistry, and the concept was of great
pedagogical value.

By bringing experimental facts together in an orderly
fashion, and by compelling chernists to find explanations to
“exceptions” and “irregularities” the construction of affinity
tables was an important factor of progress in chemistry. It
led to new experiments, and to establish the role of “circum-
stances” of reactions, such as temperature, etc.

Theoretical discussions to justify adopted arrangements
and to explain reactions were not fruitless; by failing to give
satisfactory answers, even after the most subtle interpreta-
tions, unsatisfactory theories had finally to be abandoned.

Finally, one can consider that the publication of
Geoffroy’s table of relations marks the start of the evolution
of chemistry, conceived as the art that teaches how to sepa-
rate substances found in mixtures, to chemistry conceived in
a modern sense as the science of reactions.

Caveat. In many instances I have put between quotation marks
sentences translated from the French. English speaking readers may
be found in A. M. Duncan [13, 14] and in Goupil. The reader interested
in the subject should refer to them. He should also for a general survey
of chemical philosophy in France during the 17th and 18th centuries
consult H. Metzger [23]. Partington [25] is an invaluable source of
information.

Acknowledgements. 1 am indebted to Professor Th. D. Burns for
sending me the paper by A. M. Duncan on elective attractions by
T. Bergman that introduced me to Duncan’s work.

1 thank Mrs. Nicole Glynn for finding and sending me Duncan’s
articles on the tables of affinity, Dr. E. Grison for pointing out
Hassenfratz’s work, the librarian of Conservatoire National des
Arts et Meétiers, Mrs. B. Hirsch librarian at the public library of
Versailles for their help in finding many original documents.

The permission to reproduce pages of books at Conservatoire
National des Arts et Metiers and portraits from the collections of
the French Academy of Sciences is gratefully acknowledged.



200

DO

g D+
umﬁ \Y% DA

®+()M»W\ A

.NQR@Q\M\WN\\V.&«Q.QE\N

1022 SLSL YT n\.@ MRN&?&&ENQ\ It
B0 n?&.«iﬁ.sun.&hi‘gg% T
SRDBIS =088 ADNE = MALRIE

4&{5&»%\@\30 XY o .\S‘&\\o
ot =

“winirg.core grdv) wmR AN @
S Qg Q.
nprpdiongy <= wapdhrngrar ==
§.~\-\.§\..§.~\2 : u&tﬁ\.ﬁ\.c& o~
A\HE\!R @ f aunfeuripny pras 2

A
HOMGTS ™

PRy R
CAVUIYT ) s 3
o 3

. »\E\N&\W‘c\ N

Bl od ' osonbo ?) ‘24 ooy
confobigeg iz : R
orpsodiniy oz I,\EN\V&.\E s
S sryngrnsy N\
ennquiyy 1 apgn2 ()

g Q
| 2peoprY> NO

gy p

o8

L R <
v “he
e+

N——

T‘»\..Cx.Nx EEQR\\.\.A\ “utrrsdy W

.k\\wc.@\.%tﬁ%\\ ss:RnQ.\\J % —E:\!L.f.\:u» E%E:%\\&?E:&é.ﬁ%

wnppusbar wnyOyII) & (whoastnbiions e sy Ext.zx.\hw?«o

wenyvYI2L) & HEF.-.\N-& wireamp EB\V.S:\\\!.\\. uerami »

~swrgpogf oadirs wrpurbly 3
D 1arhbd 2
wrgenene wamadiry g
“senposne wrpnoliizy ¢
- wonfeuboi ¢
Tsrnzemaspey Q

R IINUAZT Q

uenypgoy Y

- wnrsuafiy) ©-0
wuenp0373y M

S wrgrrusris) R

(eapdng) wenrnuvyr %
»Etﬁ\ } wnatzg o

{ rmuaz )
TSEREV.V wngur q.
T{wh\k..é si\‘mﬁk\-@: m«
(prng) wmpwobip
Bt/ 740 &

(7er) vy ©

E\&P\ﬁ%ﬂ:‘ m

1 D orsisimsbionss§-96 G sefeongons nagyrbp\ngym wmpipns) wogpisfis wnsdh) ol (rsmgrest pusydin oz s iy

. ts!\t,\:v\&w.. HERRIRNY &f

ey fos- ety .r%e sl B
e v

Uy, @

vanr Q)

. Eu\\.tv‘ri_ oy » traym> L!.\w\\. »

squadnrmy .E*e\. » Lty oy &v@Q@

“,L.s~¢c~¢\~wﬁ.w\*.\ ye e@@
.s:i&.,.tw*w\@t\ \,ub..:s.s rogassy \
_ w22 00
s o
. \\N.{Ew\:\ wnijp oo

. 5&1‘5!\.\\“\5\. wnyo
| wnfoumbion wnyg @

gz g

_mlm,f %
m;@“ A vem

%o O+
N
O
rapnu -u «ka 7
!wuv.q D
Rl /Nal
ey 3

wnORIY g .E:kxkeuww,.k\tsﬁ.\gut .SE\G@ (Jc.gw\\\a.zc:
.Hutg E?R%\v

N .N‘~\\~»\n\ -\\\t\.w\N .§ﬂp
wrigpe wniusfip oo
yperun :ssﬁu.uxxw@.w .
*ruvurapnf wnsrp' 9
“WAAPDPI 1Y .»\NJ 2 !\nﬂ
.N\v\\.ﬂ\.N\\\ —\l
24 of o
“wngzn YK
ey Xy
N -&\<.~\¢h\v Nj\g n&u

razeps/ 7o g
.E:mu.u!\.u\.\‘t\wt 0950 7o, &

B e g compout o QAN

. t\k\m\\.s\.tkwk PO}

Y272 | wirpoga v

it "2 N
A‘\»ﬁu \éﬁ\.h\\»\‘k\ \S{\\V\\N\\ K.Mm

foscos gty gy Pussniny o
rruary gpoaffias} wpoagru muny (3

(wngpw ) 1z wigorens gy
Laprna a} anfianprgg oY)

{ wnyiisey a) .ﬂ&a‘ umenp £ 70
G ool ol 3«%\5\!\..* 9
ey mfoubina 2pgejen o 5 %
- .-\BQQ um3 srgPasi iy 72 A
. wreny ()

CA R\O
S e+
IO MY

TEPOS 770 D
Vit :Qr.«wv\,. u\vu\N\.E\.;@
v\%&t\mﬁ wnxy vy no

(rmonfins) rmind opm oy Ay
srmnpooy Jor G
fwnasw wupn]) m
| MV INMLOp 2Ty F
2ioydeoyd {vunim w4
| ypuzum wnpnlyng,
Iy Zo

g\%\N&\M‘ wnpEvy g

. ﬁ\u«u\.vhﬁ.\.. a.kl\l.»% &+
NN :s.ﬁ\‘.‘.vwm.*.

" 2p2g 12637 waryprpy g,

| 22203/4p. WrpID 0],
“rpvauns sruomy umprsp y."

\u\\&. Ezmﬁ g

“oppbip A |pbmaris o vpsppamfenbei g & e fodes ryppumpuy o

- v%:&.vs %

Y/ P\.Y\k§h\ Py *

.\.\h\@\\b\\\. ﬁ A wary .~\»ua\‘w-\\\.\w ypvyorinn -ﬂwwv £ %)) »*-

\.\t..w\\\..\x 3
- 1\\\*\\\\-\%-¢
LS Yl b
r t.\&. hv

thdrrrnid mrusyc) \x\.\\bﬁxﬁwb

.A.th\:%v Nkk\.\.nwwbb A
: ity
rids
T gy
Ckio A

“gprw wns NE\P;E% rmpau o A

R e PN

PIIDRMO ML JB x@iﬁw\.}gwﬁs wrprp (Dt

el wi]
wnmd d frngpe B Uapnss temsmpang iy

FIURUNO? 77 Iy

. w§§ P ungpdpe o 2k
. QS&.}“ wnpty) G.T
L UTU WPPIIY) U

WYYy Qu P \.qgwsv Lunpron +

PR PR A

AN.\VQ&\&;.\NNS @



201

(Q1sTuN T 14 £Q J0yINe 9y) 0] USAIS SYUSWNOO(T) "S[OQUIAS JO S[qB) PUL SUOTIORIIE SAT00[ Jo 2]qe) S, uewdrog -¢1 ‘S

i 1 p_ T __ : I o 00 A S SO : "
- _m [ DR
YO 5] - LAl AL F+] A 1
10 ¥ 1561 ¥ 0 [ RESENED ERIES 7 -——
v e R AEEER v 58] 2 FaarararEIImE=IrE
Ty B v IS R | R[] 8 | % [od g : O+ 6+ 6406+ O+ 0+
o 31| ¥ Q&[] d] R @] 1 |, C | o-% O+ o+t oHo +o+[ D+ P+
Zl 48l 1ol L [»L|Tleel 21T -8 DD+ DH D+ D+ | DH D+ 1
X[ RIvIO[al P8 [01a9T TP Q 1O 4 2 otof ool oto | oto oto| oto =) =)
Qlo[9lo R s ¢[C|t |-olQ]OLY [ R Gl S| E| F ZAN] R 7R
O ool e A ' x| 2% x| g [ E§]C]2 Ty SRR ET ks SR L
Sl kel elrs|dlacl¢ ol 8[R8 1218 C vILl % &
Clo |l T lal* [l Q| QT&[&[® 9 2% A 2
1l i1l ClolclslelolPlelia{l ®[9] 8 R AR L Es EAEARIES B[ A 15 T & T F,
ClLa 2 [ d1.2Tot R [S13 [ Al8 /4] 2|k !9 ot L EI ) RN RS A& AT ACEIICES A ICEACEIREACE 77 74
O |t | g le<].8 |oo[O | & leolool & LT[ 5] C D + AT g [ wa NS AT R[Z AT R CEAREICE: ] TR 7x
Al le T3 g lyglclalgle [ ClCc| 8|01 % PR ca o+ [mHa+ o E RIS TRIFER[TRIZR TR TR TR 7o) £
3 1, P16 (P12 121 al0 T lo|lolol dle—]|? (L) eI === W»fmﬁ R =) N N ) & )
v, w2 AIAN[ATATAIOATBTADIATAIAIAIDTATATATA AT AL A
2 ] DO %] A LA
® ® 1o A ATvIv TS IO A ; - T & A
L) e 98 ) °o° i) A [ I 1c [0 T o T
70 @ v C i ] gleTclo 2 < 2
E I M k3 LI 2R 219 & C %
Ty 2 Lalalalalsg "R F R
L5 g X R o 1 Tee e | Tow A oS
[e) 3 &5 RS 2 [ 212 H oo 3
928 Q 31 &1 818 [ 813138 &3 3 K B3
. : D+ TI¥|IZSIFSI¥Y ¥|¥ _ ¥ |y ¥ 19 | ¥ 3 3 Ty
¥ Y &8 & 0+ AR A A AR A A N ik | & 3 s T
£t Lt & | £+ | £ £ FEILZD otolotoiFrloto | Frf A £+ Q1 97149 1979 [ 9 g)gla g [l q q
o A £t | Fr | A+] =) S EE Fr | Frlote]l £+ [oto]l oto] oo O] @ PP LR W RN 2 L <
Gl & | F+ | & ok A N PE3 F | ® P | Fr| S Fr el e ¢de o e 9 ? 7
8 |odo | & [oto| £+ Fr k(oo [ oo [+ 8 | A O+ FhlEEEAR=IEaERES ol oT ol olo I ol old® O 9] e}
7 &+ oo RN EA R IEE R Uy 1°g° D +H O oo o OB ][IE [0S |48 | A8V | I\B e | /vE |4 | 4 Rl 4e &«@&%w&iui“@“
AR AEE o D+ D+ O+ O +| Q4+ A CE I RE] 5+ H ot ERER RS ICEACEICFICEACEICE ) A CE s I ISP EICEACE WKL
T+ S+ DO+ ode D+ oo Q+ 4 XA HEO £+ | Z [ OO IEHO D + IS0 A |TA [ AL AT INMZAIIA ol dAl d A F bl T4 7L
A ED @+ S+ 0+0 4| O+ H obe | D 4 SECEI- SN W O+ OH O+ D+[5 3]0 +]© +/T O[] Fwp|Tine | e [T15 [Hw e §relT1 [ ne | 47 [ wie] Twla| 710 | "o Fuic,
¢ 1P+ + D + DD+ + +H DD + 2 [IABIR N[BT F | £+ O+ O+ DD +|D +| ® +| D +| A |7 K|S |70 |46 [d" ] T 40|70 |970|d R smﬁ@&...@%uﬂ.
T @A @+ A DHA[B+H B+ Dy M*m,, 50 \P_/ CEARFACLE) &W@@Ww&+mwﬂ$+%+m@+é+m% IR[IAR EEICEACE N A AT AR A CEICEACEICE B
oo d - u wREY A + I o
AR AR EEARSCIE AR IE AFIE AR AKSCACICISARARARAL AR 18 I Sl do s R A8 SEERAR SRR SR A OH i RaLnE
N 3



202

References

A thorough study of affinity tables and of the work of Bergman can
be found in A. M. Duncan {13, 14]. The reader interested in the
subject should refer to them. He should also for a general survey of
chemical philosophy in France during the 17th and 18th centuries
consult H. Metzger [23]. Partington |25} is an invaluable source of
information.
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