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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text in 1730, not really to be outdated before the publication 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 "E16ments de Chymie-Th6orique" (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 

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 M+tiers 

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 "Trait6 sur la mati6re m6dicinale" [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. 

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 Helmont lead 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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appeared, from the library of Conservatoire Nationale des Arts et 
M6tiers 

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'exp6riences et observations 
sur le combat qui r6sulte du m61ange des corps). 

Other authors like Bo6rhave (Fig. 3) preferred to 
compare chemical reactions not to fights but to lovemaking 
[51. 

The  tame  o f  re lat ions  

It is in this context that in 1718 Geoffroy established and 
published in the M6moires de l'Acad6mie Royale des Sciences 
(Fig. 4) his "table des diff6rents rapports observ6s en chimie 
entre diff6rentes substances" that was to have so great an 
impact on .chemistry throughout the ]8th century, only to 

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 l'a~n6, in order to distinguish himself from his 
younger brother who was a pharmacist and succeeded to 
their father 1, 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 

1 Hence the caption on this portrait "Geoffroy son, the elder" 
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Fig. 5. The original table of relations by Geoffroy from [l]. 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 o f  man  was to be a worm?",  one may  wonder  
whether Geoff roy  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 Har t soeker  a round  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 Har t soeker  who only revealed the t ruth 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 o f spe rmatozoons  in the semen of  young 
boys,  of  mature  and old men. He also describes the woman ' s  
role in the concept ion of  the fetus, and his rendering of  facts 
is astonishingly accurate,  and ahead o f  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  quota t ions  f rom 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 consti tuents as when, with the same constituents,  
one has been able to recompose it." 

To introduce his table o f  relations Geoff roy  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 
combinat ions ,  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 relat ion 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  mar ine  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 2, 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 fi 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 seem 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, 
Bo~rhave 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 "Encyclop6die ou dictionnaire raisonn~ des sciences des arts et m6tiers" par  une soci6t~ de gens de lettres, mis en ordre 
par  M. Diderot, Paris 1753. vol. III of Recueil de Planches - under the heading chimieqaboratoire. This encyclopedia was known as "the 
great encyclopedia" in France. Photograph courtesy of the library of Conservatoire National  des Arts et M~tiers 

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] 

Date of issue Author Description 

17t 8 Geoffroy 
1730 Grosse 
t 749 Clausier 
175 t Gellert 
1756 Rfidiger 
1758 Limbourg 
1762 Marherr 
t 763 Rouelle 
t 763 Spielmann 
1769 Demachy 
1773 unknown 
1773 De Fourcy 
1775 Erxleben 
1775 Bergman 
1777 Weigel 

t 781 Wiegleb 

1783 Lavoisier 
1786 Guyton 

de Morveau 
t 788 Berkenhout 
1790 Gergens and 

Hochheimer 

16 columns, uses alchemical symbols 
19 columns, symbols 
not in columns, but 78 lists of substances in order of affinity, written in words 
28 columns, representing order of increasing solubility, not decreasing affinity, symbols 
15 columns of substances that combine, and t 0 supplementary columns of those that do not, symbols 
33 columns, symbols 
120 columns each showing the order of affinity of only two substances with a third, symbols 
19 columns, mainly derived from Geoffroy, symbols 
28 columns, symbols 
20 columns and appendices, symbols 
'ouvrage' printed at the Imprimerie Royale, referred to by Demachy but untraced 
36 columns 
36 separate lists, in words 
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, 
shows product of reactions, words 
not in columns, distinguishes wet and dry way, and reactions involving two, three or more substances, 
words 
table limited to one column that of "oxygine" 
table limited to five acids and seven bases but giving numerical values and "enabling to solve 490 affinity 
cases" 
shortened version of Bergman's table, 36 columns for wet way and 25 for dry way, symbols 
40 columns, distinguishing wet and dry ways where appropriate, words 

Fig. 7. Portrait of Bergman, from the archives of the French 
Acad6mie des Sciences 

of  Newtonian  physics with the aff i rmation of  Cartesianism 
( though not  explicitely so in Bergman's  writing) that  the 
figure o f  chemical elements has a determining influence on 

the way they interact. Indeed, Guyton de Morveau calculated 
later differences in a t t ract ion 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. 
Firs t ly  Bergman addresses the fundamenta l  p roblem:  is the 
order  of  affinities (the word  I shall use instead of  his "at t rac-  
t ion" for sake of  uniformity throughout  this paper)  constant  
or  does it depend on circumstances, i.e. on the condit ions 
under  which reactions occur? 

The answer to this question is in fact the subject of  eleven 
chapters of  his book  where a definit ion of  different kind of  
affinities is to be found as was first p roposed  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 consti tuents in the reaction. 
The number  o f  par t ic ipants  in a react ion is not  the only 
cri terium of  differences in kind of  affinities. The nature of  
the interact ion itself is taken into account. Thus affinity of  
aggregation,  affinity of  solution or fusion, and many  other 
ones, are defined. F o r  instance, the first one relates to the 
case when the only change is an increase of  the amount  o f  
substances whose nature remains unchanged. 

The table o f  affinities consists of  59 columns, among 
which 25 for the acids, 15 for the metals,  3 for alcohols, and 
in addi t ion 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 mat ter  of  
heat, water. 

Even more  fundamental  perhaps is the int roduct ion 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 act ion o f  heat, to which a chapter  is 
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TaMe 2. Dates of birth and death of chemists and principal persons 
mentioned in this paper 

Aristotle -384 - - 3 2 2  
before present ERA 

Bergman 1735 -- 1 7 8 4  

Berzelius 1779 -- 1848 
Bo@have 1668 - 1 7 3 8  

Dalton 1766 - 1844 
Boyle 1627 - 1691 
Descartes 1596-1650 
Diderot 1713-1784 
Dumas 1800-- 1884 
Fontenelle 1657 -- 1757 
Fourcroy 1765 -- 1809 
Gassendi 1592 - 1655 
Gellert 1713- t795 
Geoffroy 1672 - 1731 
Guyton de Morveau 1737-1816 
Hartsoeker 1656-1795 
Hassenfratz 1755 - 1827 
Huygens 1629 - 1695 
Kirwan 1733-1812 
Laplace 1749 - 1827 
Lavoisier 1743 - 1794 
Lemery 1645 - 1715 
Le Fevre 16107--(]669-- 1674)? 
Macquer 1718-1784 
Newton 1642-1727 
Rouelle 1703 - 1770 
Stahl 1660 - 1734 
Van Helmont 1577-1644 
Voltaire 1694-1778 
Wenzel 1740 ? - 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 act ion of  heat  
implies that  an affinity table is only valid at a given tempera-  
ture. 

Bergman in addi t ion  to variat ions caused by heat  dis- 
cusses a number  of  "irregulari t ies" which he calls apparen t  
ones, namely those due:  

- to double  affinities; 
- to successive modif icat ions in the substances (these 

irregularities are similar to those explained by Geoff roy  
when discussing the reaction of quicklime with saltammonia); 

- to solubili ty; this kind of  affinity had  been t reated 
rather  exclusively by Gellert  (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 " i r regular i ty"  
Bergman refers explicitly to "the amount  of  one component  
that  is necessary to saturate another  when bo th  are 
combined".  He was on the way to, but  never arr ived at, a 
law of  defined propor t ions .  

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

F o r  Bergman phlogis ton 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 contras t  to Geoffroy,  Bergman not  only describes 
facts on which the construct ion of  his table is founded but  

Fig. 8. Portrait of Guyton de Morveau from the Archives of the 
French Acad~mie des Sciences 

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

F o r  instance, he explains the precipi ta t ion of  gold from 
solutions by another  metal  not  by the greater a t t ract ion of  
the acid for that  other metal  but  because phlogis ton at taches 
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,  Guy ton  de Morizeau's  long article in "Encyclo-  
p6die M~thodique"  de Panckouke  (not to be identified with 
Didero t ' s  Encyclop6die of  which it was par t ly  an abridged 
version), expands the state of the art  on the subject in 1786, 
taking all preceding efforts into considerat ion [18] (Table 2). 

Guy ton  de Morveau  (Fig. 8) who with Lavoisier, 
Berthollet  and De Fourc roy  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 quanti tat ive 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 quali tative ones 
that  one finds not  only in Bergman's  dissertat ion but  in 
some of  his predecessor 's  work. But Guy ton  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 
l Potasse Acide Nitreux 

Vitriol de Potasse 9 2 

Acide Vitriolique Chaux d'Arcjent 4 

Vitriol d'Argent 

Diagram 1. Diagram of double exchange 

Nitre d'Argent 

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- 
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Fig. 9. Table of numerical values of affinities by Guyton de Morveau from [16], library of Conservatoire National des Arts et M~tiers 
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Fig. 10. Table of compositions of various salts as determined by 
Bergman, Wenzel and Kirwan. From [16], library of Conservatoire 
National des Arts et M6tiers 

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 communicat ion 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 o f  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 affinit6s du principe oxygine avec les differentes 
substances avec lesquelles il est susceptible de s'unir principe oxygine 

Principe inconnu de l'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. 3 

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 

As soon as 1783 Lavoisier had summarized the shortcomings 
of  affinity tables, he himself had a hand at a partial table 
limited to the affinity o f  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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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 
o f  its decomposit ion 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 "Trait6 
~16mentaire 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  Dal ton 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 o f  

affinity. He starts by enumerat ing 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 Coll~ge 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 
" rappor ts"  are disguised attractions which is precisely what  
Geoffroy tried to avoid. 

He also criticizes theoretical interpretations of  G e o f f -  
roy 's  followers and specially Bergman in trying to emulate 



199 

Fig. 12. Portrait of Dumas. From the archives of the French 
Acad6mie 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 Bo6rhave, 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. 

Conclusion 

Firstly with respect to Geoffroy, I would like to quote f rom 
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 chemists 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. 
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4 More by love than by hate 
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