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INTRODUCTION

Everyone who has studied high school chemistry has heard of
Antoine Lavoisier. His name 1s automatically associated with
chemical nomenclature., as John Dalton s 15 1nextricably linled to
the atomic theory. And yvet Lavoisier was only one of many great
French chemists who lived and worled 1n the years that spanned
the French Revolution (Lavoisier was one of i1ts victims). One of
the greatest contributors to the progress of chemistry was an
assocrate of Lavoisier. one Claude-Louis Berthollet. It a1s
doubtful that many. even among those who have studied chemistry,
have heard of him. This man s worl was every bit as i1mportant
and i1nnovative as Lavoisier s. He was a distinguished man i1n his
own time, who seemed to sail through all the upheavals and bounce
bact to the top after each one. He was. of course, very useful to
the State 1n his capacity as i1ndustrial chemist. Lavoisier s
downfall was largely due to the fact that he was a tayn collector,

a fatal occupation i1n such a time.

Although we associate chemical nomenclature with Lavoisier, the
rational system of nomenclature was, 1n fact, devised by a group
of four late eighteenth-century French chemists. Prior to the
Revolution., France led the world 1n chemistry. In 1782, probably
following a suggestion made by a Swedish chemist, Torbern Olof
Bergman (1725-1784), the FPresident of the Academy of Sciences,

Guyton de Morveau, proposed a system of chemical nomenclature to
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the Academy. Over the neut five yvears the system was amended to
bring 1t into line with the new theories of the Lavoisier school.
In 1787, after Guyton had agreed to reconstruct his system. the
EBerthollet, Fourcroy (an industirial chemist) and Guyton de
Morveau. The system of raticnal nomenclature was later e:tended
by another Swedish chemist., RBaron Johan Jacob Rerzelius (1779-
18348). The system 1s noted for adaptabilaity to new discoveries
and to a broad variety of languages. It has of course been
modified over the years to heep up with progress i1n the science.
Nevertheless., 1t 1s still basically the same system 1t was nearly

two hundred vyears ago.

It 15 our purpose to show that Berthollet s relat:ive obscurity
today 1s the result of poor communication on several levels 1in
his lifetime. Communication of his i1deas had fow main obstacles
to contend with. The first 15 related to the complexity and
disordered state of chemical theory: the second (a direct result
of the first) to the almost total laclk of standard chemical
terminology: the third to Berthollet s pompous. circuiltous., long-
winded writing style; and the fourth to the gquality of the
translation i1nto English of his most i1mportant theoretical

treatise, "Essai1 de statique chimique'".

Claude-Louis Rerthollet was born i1n Talloire, near Annecy 1in
Savoy 1n 1748. At that time, the area was the home of a thriving

textile i1ndustry, a fact that talkes on i1mportance as the story of



Ll

Berthollet s life unfolds. His early education was at Chambéry.
During his formative years, Savey was passed baclt and forth
between France and Italy a number of times. It 15 more than
litely that he grew up spealing both French and Italian, the
former because his family was of French origin. the latter
because of the environment. He studied medicine in Torino. In
1772 at the age of 224, he moved to Faris, where he became
personal physician to the Dule of Orleans. He developed a great
interest 1n chemistry and. 1n 1780, was admitted to the Academy
of Sciences. In 1785 he formally announced his adherence to
Lavoisier s new theories, rejecting the phlogiston theory of
combustion to which he had previously adhered. Most of hais
practical experience was as an i1ndustrial chemist, which
naturally led him to thint 1n terms of huge gquantities of
rreagents, and the effect of gquantity on reactions. 0One of his
special i1nterests was the chemistry of dyeing. He i1ntroduced the
use of chlorine as a bleaching agent at a plant i1n a small town

called "Javel". Hence the terms "javel water"” and "Javex".

EBerthollet had a distinguished public career. As Holmes (1946%2:
129) points out, he 15 a precursor who does not fit the picture
of the forgotten man. He was, at different times, Commissioner
of the Mint, Commissioner of Agriculture and Arts., Frofessor at
the Folytechnic and Normal Schoocls. During the early part of the
French Revolution, he travelled throughout the country. giving
instruction on smelting and the conversion of i1ron i1nto steel.

He was an adviser and long—-time close friend of Napoleon

Eonaparte, who made him a senator and later a count. He



nevertheless voted for the deposition of Napoleon i1n 1814, On
the rectoration of the Bourbons he was created a peer. A statue
of Count BRerthollet dominates the town square of the beautiful
town of RAnnecy on Lale Geneva. He died at Arcueil (near Faris)

on November & 1822.

Chemistry 1n the late eighteenth and early nineteenth centuries
was essentially a practical science. A chemist 1n search of a
theory was generally after something that could be put to
practical use. The purpose of theory was to validate existing
practice., or justify changing 1t. Fharmacy, the textile
1industry, armaments. agriculture, all loocked to chemistry for
answers to specific problems. Berthollet made i1mportant
contributions to all these fields: he was i1nterested i1n them all.
Theoretical chemistry was the new frontier: he was i1nterested in
that too. His work was more analagous to the R & D programs of
modern drug companies than the speculative research done 1in

university laboratories.

So much was still a matter of conjecture: there were so many
conflicting theories, and everyone took sides. It took daring
and 1nsight to suggest any sort of general conclusion at all. The
two main topics of study at the time were the composition of
matter and the nature of reactions. Lavoisier made great strides

in bringing simplicity and order to the chaos of knowledge on the



composition of matter when he defined an element as a substance
that cannot be analvzed into or synthesized from simpler

constituents. The definition paved the way for Dalton s atomic

It should be noted that the chemist and translator Thomas Thomson
of Edinburgh was patently wi-ong when he said that the French
Revolution and Napoleonic Wars cut off communication between
Britain and the Continent. As Guerlac (19461: 549) points out,
"Even in those troubled times, the scientists of each country had
little difficulty in keeping abreast of what was going on in the
other. A glance at any issue of Nicholson's Journal reveals that

the latest discoveries of Guyton de Morveau, Vaugquelin, Gay-

Lussac, Proust and Rerthollet and the rest were regularly

French journals". Thomson was also one of BRerthollet s most
vigorous detractors. He considered his theories "subversive of

all the laws of modern chemistry” (Holmes 1962: 113).

The theory of reactions was far more complex and more difficult
to deal with, especially prior to 1808B. For almost a century,
chemists had been bogged down with affinity tables (originated by
Etienne Francois Geoffroy, 1718). In the mid-eighteenth century,
caonstructing affinity tables was one of the main occupations of

chemists. When a new substance was discovered, a table of



aftfinity was constructed for 1t. The tables were based on the
assumption that attraction between substances 1s an i1mmutable
constant. It was only very gradually that chemists came to
realize that the position was too rigid. Lavoisier i1ntroduced
the i1dea of affinity as a variable, dependent on a broad variety

of properties.

It was Berthollet who first pointed out the i1ntrinsic error of
the tables. By suggesting that the effective action of a
substance 1s related to 1ts mass, he completely destroyed the
significance of the affinity tables (Ladenburg 19046: 40).
Berthollet s theoretical conclusions were basically correct. He
made one fairly serious. 1f not surprising. error in that he

classified solutions and alloys with compounds.

Following the death of Lavoisier (1794), Rerthollet was the
acknowledged leader of French chemistry for more than twenty
years. His position was recognized outside France. Berthollet
was a pioneer of modern chemical theory., especially the theory of
chemical reactions. He embarked on a program aimed at in—-depth
study of the problem, backing 1t up by eiperiment. He built up an
important research school at his country home i1n Arcueil. outside
Paris. He came to the conclusion that the mechanics of reactions
can be explained on the basis of a fixed affinity acting 1n
concert with other, variable forces. He saw chemical reaction as
a dynamic process, with the final result depending on the
interplay of forces over a period of time. and greatly i1nfluenced

by the quantities of reagents present.



Berthollet coined the expression "chemical mass" (masse
chimique). which he defined as the product of the affinity of a

substance with the weight present.

Significant discovery 1s so often not recognized as such by
anyone but the i1nnovator. This 15 precisely the case of
Berthollet and his theory of chemical reactions. His i1deas were
away ahead of his time, to a great extent because they were
beyond the capacities of the experimental methods available, a
shortcoming he himself recogniced (Ladenburg 1906: 42; Pattison-
Muir 1907: 406). It was not until some sixty years later (1864-

1867) that Guldberg and Waage formulated the Law of Mass Action.

EBerthollet s experaiments led him to the (erroneous) conclusion
that variable composition 1s the norm. This i1nvolved him 1n a
long and bitter dispute with Proust, a strong advocate of fi:ed
composition. Berthollet did observe that varying reagent quantity
and reaction time had great i1mpact on the final result. His
error was that he extrapolated too far. His conclusions were

perfectly valid up to & point: his mistake was to confuse a

(Fapoor 1965: note 48). The error was compounded by the fact that
"analyzed the crude product directly, and did not first try to
satisfy himself that he was not dealing (as was generally the
case) with a mixture" (Ladenburg 19206: 42). Ladenburg goes on to

say (i1bid.: 43) that "There are cases 1n which mixtures are, 1n

he



their whole behaviour. no longer distinguishable from compounds”
and (p 46) that "In short, this distinction forms one of the most
difficult and most i1mportant problems, and 1n point of fact 1t 1s
often i1nsufficiently attended to. In the study of chemical papers
opportunity 1s often afforded of cbserving how errors have arisen
through neglect of this very matter". Ladenburg made this

statement a full century after Berthollet s publication of his

It 15 easy now to see how RBerthollet made his mistake, and how,
in & way, he and Froust were both right. A further point:
Bertheollet did admit constancy of composition (as an exception),
whereas Froust denied the possibility of variable proportions.
Ladenburg discusses the controversy at length., pointing out that
1t was largely based on a confusion between the conceptions of
mixture and compound. a distinction which Eerthollet repeatedly
requested from Proust., in vain. Hindsight 1s a wonderful thing.
However ., at that time., the wort of other chemists (led by John
Dalton 1n Manchester) all seemed to i1ndicate constancy of
composition. At the end of eight years. the general opinion was
that Berthollet had lost the battle. His other views suffered as

a result of this apparent defeat.

Berthollet straddles the line that divides the old and the new
chemistry. He was the last of the eighteenth century chemists,
and the first of the modern., nineteenth century chemists. He was
one of the team that developed the standard nomenclature, he

foreshadowed most of the 1mportant aspects i1n which chemistry was



to develop during the nineteenth century, and his methodoloegical
treatment 1s one of the masterpieces of 1ts kind i1n all chemical
literature. He emphasized the need to find the causes underlying
chemical phenomena. providing chemists with a most valuable clue
as to their mode of procedure, 1.e. construction of explanatory
models. He pointed the way to the need for more accurate
techniques of analysis and measurement through his understanding
of the large variety of conditions that influence a chemical

reaction.

The terminology of this practical chemistry was, as we have
mentioned. haphazard at best. As Finchuck (1277: 173) points out,
"...1n specialized languages i1n the past, .... the
standardization processes were left to the i1nterplay of blind
forces and i1ndividual efforts'. Most of the lexical 1tems that
made up the specialized language used 1n the chemical
laboratories (which were essentially workshops) at the turn of
the nineteenth century were neither standardized nor defined.
They formed what Pinchuck calls a “workshop language'. 1.e. a
sem1-specialized language characterized by spontaneity, disorder,
and usefulness i1n communicating practical i1nstructions. Workshop
language 1s usually based on everyday language; 1t relies heavily
on metaphor. As a science progresses and develops. there 1s an
increasing need for 1solating i1ndividual concepts from

neighbouring ones. True terms usually lack the vividness and



pictorial gqualities of the earlier worlshop expression. which 1s
necessarily lost 1n the search for an expression of conceptual

erractness. Eventually the metaphor fades away altogether.

A lexical evpression 1s a term only within the frameworl of a

conceptual system 1n which 1t 15 defined as a term. A concept 15
defined., and then 1t 1s given a name. The progress of any
science 1nvolves development of new concepts, followed by
definition of new terms. The lexical units "terminology" and
"nomenclature" are not synonyms. Finchuck (1977: 183) males the
distinction very clear when he says that "Terminologies are
assocl1ated with conceptual systems, whereas nomenclature consists
of the labels given to various objects'". A nomenclature may be a
subdivision of a terminology. A terminology 1s never a
subdivision of & nomenclature. Berthollet s definition of the
epression "chemical mass" 1s a true definition of a term. The

term may not mean the same today as 1t did then: nevertheless 1t

was a valid term at the time he coined 1t.

Obstruction of communication within a given technology 1s not
uncommon today. At the turn of the nineteenth century, a time of
endless debate on the fundamentals of an emerging science, when
underlying theory was i1n constant flux, obstruction must have
been almost the norm. Chemical terminology was sheer chaos,

leading to serious comprehension problems and endless argument



There comes a time 1n the development of any science when
definition of terms 1s abseolutely essential. A language 1n which
great accuracy cannoct be achieved 1s i1nadequate for the needs of
science. In 1787, Lavorsier, Berthollet, Fourcroy and Guyton de
Morveau jointly published +the standard chemical nomenclature. a
landmart i1n the progress of chemistry. and the culmination of
many years of worl. At this juncture, standardized nomenclature
was absolutely essential to further progress of the science. This
achievement of French chemists solved the problems of naming
1ndividual chemical substances. It did not address the problems

associated with the terminology of chemical processes.

This crucial shortcoming remained. There was no standard
terminology for chemistry as a science, for the simple reason
that there was no general theory on which 1t could be based, 1n
any country. For many decades chemists on the Continent and in
Britain continued to flounder around 1n a sea of confusion
because the terms they used 1n discussing the composition and
reactions of the various substances had no precise. specific
meanings. Chemists simply did not know the difference between an
element and a substance., a compound and a mixture, reaction and
solution, an atom and a molecule, a body and a substance. and so
on ad infinitum. Of course the nomenclature was a giant step;
but 1t was a step. not the whole marathon. The development of a

standard chemical terminclogy was 1mpossible until there was a

body of well defined chemical theory on which to base 1t.
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It begins to look as 1f we are dealing with a chichken—-and-egg
s1tuation. In a sense we are. This was a time when everything was
happening at once. Thint of dumping a giant jigsaw puczle ocut of 1ts
bot on to a table. Now 1magine there 1s no overall picture to help
fit the pieces together. The only way to work 1s by trial and error.
In the early 1800s working 1n chemistry was much like worling on just
such a puzzle. There were no guidelines, little agreement on matters

of theory, and a vague, poorly defined terminology.

A scientific term 15 a member of a conceptual structure and an
integiral part of a discipline. A term 1s defined by the content
1t stands for. not by any peculiarities 1n 1ts linguistic
structure. At a time when there was little agreement on the
nature of chemical reactions and on the very structure of matter,
standard terminology was an utter impossibility. It takes very
little reading of scientific worbks of the period to demonstrate
that, 1n fact, terminology was anything but consistent. Indeed,

there was no way 1t could have been.

A few examples might be 1n order. Berthollet first. The most
cbvious 1s the i1ndiscriminate use of the expressions "atome",
"molécule”", "particule". and "partie elémentaire”. He adds to the
confusion by occasionally using the word "élément” 1n a non-—-
technical sense. When talking of acids and bases. he 1s quite
consistent i1n his use of the word "acide", but seems to alternate
indiscriminately between "alkali". "base" and "base alcaline".

He tallks about a substance s "affection" or, again, 1i1ts



"disposition®. He defines the term "masse" as a true scientifac

term, and then proceeds to use 1t otherwise as well.

Three frequently recurring words male understanding especially
difficult. These are "effet", "condition". and the
abovementioned "affection". They often seem to have no place 1n
the context 1n which Berthollet uses them. The most probable
euplanation for this rather puccling terminology can be found i1n
Berthollet s educational background. His training undoubtedly
included scholastic philosophy. Cartesian philosophy. perhaps
even both. In any case., he would certainly have been exposed to
the Latin terms "effectus", "conditio" and "affectio"., which were
part of the standard terminology of both philosophical systems.
Lewis and Short define the three terms as follows: effectus (Il

in particular with reference to the result of an action, a

i3

operation, effect, tendency., purpose...): conditio (IIE of
things. a situation, condition, nature, mode or manner...): and
atfectio (B - of bodies. a change 1n the state or condition. mode
or manner). The classical authority 1s valid because of the fact
that medieval and classical usage of the terms are almost
identical. Berthollet s use of the three analogous French terms
often seems closer to the scholastic definitions of the
corresponding Latin terms than to any scientific meaning.

Confusion of scientific and philosophical terminology would

certainly provide an added barrier to clarity of expression.

The works of John Dalton were (and are) generally easier to

understand than those of Rerthollet. Even Dalton was not i1mmune



to ambiguity. Sometimes he uses the word "gas". at others the
euvpression "elastic fluid", cbviously i1n reference to the same
reality. He speals of "ultimate particles”., "extremely small
particles” and "atoms". He refers to a "parcel of ligquid",
"ponderable bodies”, and often uses the word "bulk", apparently

to mean something not clearly either weight or volume.

Unlitke the majority of chemical works of the time, Berthollet's
major wort "Essai de statique chimigue'", was not an elementary
chemistry text. It was 1n no way aimed at the average student. It
was 1n fact an advanced tireatise on physical chemistry - the
physics of chemical reactions — one that was some sixty years
before 1ts time. Despite his errors, he came far closer to the
truth than any of his colleagues. But his work was
revolutionary, complex, over the students’™ heads., and written 1n
a style that was anything but clear. concise or easy to
understand. His sentences ramble on and on, his punctuation 1is
bizarre even for his time, his terminoclogy 1s absymally

inconsistent. Furthermore, the subject matter 1s very complesx.

We are not talking of translation. French chemists found 1t hard
going. It soon gained a reputation as a bool that was very
difficult to understand. In his introduction to the Essai, Crosland

(p. »») refers to Jean—-Baptiste Dumas, who was born 1n the south of

Framce i1n 1800 and received an elementary scientific education 1i1n
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Geneva. Dumas was a largely self-taught chemist. By his own
admission., 1t tecok him four years of constant study to absorb the
Essai1 de statigue chimigue. a worl he describes as "rather obscure",
mentioning his many difficulties i1n understanding certain passages.
He even says there are many passages 1n the book that can only be
understood by referring to the writings of his pupils. Despite these

difficulties, he considered that he owed his lnowledge of chemistry

to Rerthollet.

This was clearly not a simple tesxtbhook for the uninitiated. but an
advanced treatise that could be understood only by those very
familiar with the subject matter., and willing to put up with
Berthollet s convoluted style. Another example of Berthollet s
long-winded style can be seen 1n his i1ntroduction to Riffault's
French translation of the "Systeme de chimie" by Thomas Thomson.
The introduction, a full 170 pages long., 1s 1n reality a rambling
commentary on the current worl and theoretical views of a whole

serries of chemists.

For purposes of comparison, let us move to England for a moment,
to Manchester and John Dalton. The first part of Dalton s New
System of Chemical Philosophy was published (1n 1808) five years

after the publication of Berthollet s Essai. There i1s a marted
difference between the writing styles of the two men. Unfortunately
Rerthollet forgot what Dalton so vividly realized. that "brevity i1s
the soul of wit"'", and expanded his theories i1n a lengthy and not

particularly 1nteresting treatise (Fattison Mur, 1907: I99).

Dalton. on the other hand. was & born teacher. He expressed his



1deas clearly and simply (Cardwell, 1968: 1ntro »x; guoting Farrar -—
159 et seq). Many chemists (led by Thomson) announced that Dalton’s
1deas contradicted BEerthollet 's. We now know that 1t 15 more likely
that Dalton was influenced by Berthollet s work. It 1s Lhnown that
the two chemists were friends and carried on a long correspondence,
in French. Rerthellet was an honorary member of the Royal Society 1n
Manchester, of which Dalton was the leading light. It was not until
much later that the compatibility of their two theories was generally
recognic-ed. By that time., Dalton s fame and Berthollet s obscurity

were fairly well established.

Up until about 1750 Latin was the language of science.
Fublication 1n the vulgate began i1n England and soon spread to
other European countries. Communication of i1deas among
scientists made translation essential. Most of the translation
was done by the scientists themselves. The subject matter was at
least somewhat familiar. The more complex the i1deas e)xpressed.
the greater the regquirement for the translator to have a
scientific background. Occasionally., for reasons that are not
always clear, a scientific work was translated by a person
totally unfamiliar with the subject matter. This seems to have
been the case with B. Lambert, the translator of Berthollet’'s

"Essa:l de statique chimigue'.

Crosland., 1n his i1ntroduction to the 1972 re-—-issue of the



original French version of the Essai. admits that, "Rerthollet s
meaning 1s not always clear", but says that "The basic fault of the
English translation 1s that the translator often obscures passages
which are fairly clear 1n the original French and provides a clear

but gquestionable meaning to passages where Berthollet 1s ambiguous®

(1972: x11).

The British Museum General Catalogue lists Lambert. EB. as a
"miscell aneous writer". He 1s not mentioned 1n the Catalogue de
la bibliothéque nationale de France. The British Museum

catalogue credits him with a total of four translations, all

published 1n 1805 and 1806: the Berthollet., Travels to the

C.F.D. de) and Characteristic anecdotes from the History of

Russia (Clausen., H.F.C.). Lambert 1s credited with one original

published 1n London 1n 1806 for Hughes and Jones by Dewick and
Clarke. The publisher of the Villers translation i1s given as M.
Jones. Nothing else 1s known of Lambert, his name appears
nowhere except with reference to this two-year period. Judging
by the diversity of the works he translated. he was not a
chemist. Besides, 1f he were, his name would surely appear

somewhere.

Based on the two examples of his work examined, the Berthollet and

the essay on Luther, he was not much of a translator either. The
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Luther 15 a good example of a translation done by the sort of person
who believes that anyone with a rudimentary Lnowledge of two
languages 1s by definition a translator. The sort of person who
trranslates "... au milieu de la France rendue au catholicisme..."
(Villers. p. 2 by "...1n the bosom of France., restored to the
catholic worship..." (Lambert, 1805, p. 2):; and "D autres., gui
portent 1a vue plus loin..." (Villers., p. 10) by "Qthers, who carry

their views a little farther..." (Lambert, 1805, p. ).

Despite his obvious shortcomings, Lambert does have my sympathy. The
day he agreed to translate Berthollet s Essai., he tool on a Herculean
tast. As I have attempted to show. some of the terminological
problems 1nvelved are virtually i1nscluble. How does any translator,
scientifically trained or not, deal with "...des masses placées & une
distance od la figure des molécules, leurs i1ntervalles et leurs
affections particuliéres n ont aucune i1nfluence..."™ (Rerthollet,
Intro. p. 1). This 1s but one example of the host of problems Lambert
was faced with, problems even more difficult to solve 1n 1803 than
they are today. Over and above the particular problems related to
individual words was the general problem caused by the absence of a
conceptual structure covering chemical reactions. The Essail would
have been a challenge to any of the British scientists who usually
translated French and German scientific works i1nto English at that

time; 1nfinitely more so for a& '"miscellaneous writer"” untrained in

chemistry and with no special talent for translation.



Journal of November., 1804. The article he cites describes Lambert as
& person who "appears not to have been sufficiently conversant with
the subject to be gqualified for the undertaling. Even the i1diom of
our own language has been so completely neglected. as to make the
work 1n many places absolutely unintelligible to the English reader.
Besides all this, hardly a page occcurs 1n which several awkward
mistales and mistranslations do not totally alter and pervert the
meaning of the original" (1972, p. x1). It would be presumptuous of
me to add anything further to this assessment of Lambert s

translation skills.,
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ESSAY ON CHEMICAL STATICS

INTRODUCTION

All forces that produce chemical phenomena are the result of
mutual attraction between particles of substances. This
attraction 1s called "affinity” to distinguish 1t from

astronomical attraction.

There 1s probably little fundamental difference between the two
types of attraction. Because astronomical attraction involves
bodies separated by great distances. the shape, configuration and
position of the constituent molecules are 1rrelevant. The
effects of the attractive force are always proportional to the
mass and to the i1nverse of the square of the distance; they can
be accurately calculated. Affinity (chemical attraction),
however, is greatly i1nfluenced by specific (often unrecognized)
conditions. The effects of chemical attraction cannot be deduced
from a general principle, but can only be observed in 1ndividual,
successive cases. Very few of these effects can be separated
from the totality of the phenomena produced to an extent

sufficient to allow meaningful calculation.
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DE

STATIQUE CHIMIQUE.

[ e S N o e N e N e ¥ S

INTRODUCTION.

L ES puissances qui produisent les phénoménes
chimiques sont toutes dérivées de l'attraction
mutuelle des molécules des corps a laquelle on
a donné le nom d'affinité, pour la distinguer de
Y'attraction astronomique.

Il est probable que l'une et l'autre ne sont
qu'une méme propriété ; mais l'attraction astro-
nomique ne s'excer¢ant (u'entre des masses
placées & une distance ou la figure des molé-
cules, leurs intervalles et leurs affections par-
ticuliéres, n'ont aucune influence , ses effets
toujours proportionnels 2 la masse et & la rai-
son inverse du carré des distances, peuvent
étre rigoureusement soumis au calecul : les effets
de lattraction chimique ou de l'affinité, sont
au contraire tellement altérés par les conditions
particuliéres et souvent indéterminées, quon
ne peut les déduire d'un principe général; mais
qu'il faut les constater successivement. ]l n'y



Observation 1s the only means of determining a body’'s chemical
properties., and the i1nteraction of affinities operating under
speci1fic conditions. If affinity 1s basically the same force as
astronomical attraction. 1t adheres to the laws of mechanics that
govern phenomena due to mass action. Chemical theory i1s slowly
progressing toward statement of general prainciples. It 1s
logical to assume that these principles, when they are finally
formulated. will be analagous to the principles of mechanics.
Unti1l that time. the search for principles can only be based on

observation.

The 1mmediate effect of a substance's affinity 1s always
combination. All the effects of chemical action are therefore

direct results of the formation of a combination.

Every substance that has a tendency to combine does so 1n

proportion to affinity and quantity. All chemical observation

leads to this conclusion.

+3
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a que quelques-uns de ces effets qui puissent
€tre assez dégageés de tous les autres phénomeénes,
pour se préter a la précision du calcul.

C'est donc 'observation seule qui doit servir
a constater les propriétés chimiques des corps,
ou les affinités par lesquelles ils exercent une
action réciproque dans une circonstance déter-
minée ; cependant, puisquiil est trés-vraisem-
blable que Tlaffinité ne differe pas dans son
origine de l'attraction générale, elle doit éga-
lement étre soumise aux lois que la mécanique
a déterminées pour les phénoménes dus al'action
de la masse, et il est naturel de penser que
plus les principes auxquels parviendra la théorie
chimique auront de généralité, plus ils auront
d'analogie avec ceux de la mécanique ; mais ce
n'est que par la voie de l'observation qu’ils
doivent atteindre a ce degré, que déja l'on peut
indiquer.

L'effet immédiat de I'affinité qu’une substance
exerce, est toujours une combinaison ; en sorte
que tous les effets qui sont produits par l'action
chimique, sont une conséquence de la formation
de quelque combinaison.

Toute substance qui tend a entrer en comn-
binaison, agit en raison de son affinit¢ et de
sa quantité. Ces vérités sont le dernier terme
de toutes les observations chimiques.

Mais, 1°. Les différentes tendances i la conu-,



1. The different tendencies toc combine must be viewed as

s0 many forces, forces that either reinforce each other, or
cancel one another out to some degree. The only way to compare
these forces, or to reach an understanding of the effects they

produce, 1s to examine them one by one.

2. A substance’s chemical action depends on more than the
affinity specific to each component. and the quantity of each
one. It also depends on the state of the components: an existing
combination may suppress some of a component’s affinity;:
reduction 1n volume or condensation may alter distances between
components. I have labelled the conditions that alter the
properties of a substance s elementary components the substance's
"constitution”. Analysis of any chemical action requires
evaluation of each of these conditions and of all relevant

circumstances.

The properties of a body that can alter its affinity have
additional effects (unrelated to those that result in
combination) that are dealt with by the various branches of
physics. Furthermore a number of phenomena partially or wholly

dependent on affinity are best studied from some other angle,

L



INTRODUCTION. 3

binaison doivent étre considérées comme autant
de forces qui concourrent 4 un résultat,
ou qui se détruisent en partie par leur oppo-
sition ; de sorte qu'il faut distinguer ces forces
pour parvenir a l'explication des phénomenes
quelles produisent , ou pour les comparer
entr'eux.

20, L'action chimique d’une substance ne dé-
pend pas seulement de I'affinité qui est propre
aux parties qui la composent, et de la quantité;
elle depend encore de I'etat dans lequel ces par-
ties se trduvent , soit par une combinaison
actuelle qui fait disparaitre une partie plus ou
moins grande de leur affinité¢ , soit par leur
dilatation ou leur condensation qui fait varier
leur distance réciproque : ce sont ces conditions
qui, en modifiant les propriétés des parties elé-
mentaires d'une substance, forment ce que
jappelle sa constitution : pour parvenir a l'a-
nalyse de I'action chimique, il faut apprédier
non-seulement chacune de ces conditions, mais
encore toutes les circonstances avec lesquelles
elles ont quelque rapport.

Les proprictes des corps qui peuvent ainsi
modifier 'affinité, ont encore d'autres effets qui
sont indépendants de ceux que produit la com-
binaison , et qui sontl'objct des differentes parties
de la physique. 1l y a méme plusieurs pheno-
nomenes qui , quoiqu’ils soient produits en tout

I..



because the effect of affinity 1s minimal or has not yet been
determined experimentally. Properties not directly related to
affinity are called "physical properties”. There 1s often a
correlation between physical and chemical properties. A
phenomenon caused by the joint action of both types of property
can only be explained 1n terms of both. Closer ties among the
physical sciences can only be beneficial to all concerned.

A general theory 1s a principle based on observations made from
all points of view (1.e. physical sciences). A particular theory
explains a chemical phenomenon on the basis of 1ts relationship

to all relevant properties.

Some sciences can progress appreciably without any theoretical
basis. A science that deals mainly with natural facts has only to

establish arbitrary order in observed facts. Chemistry i1s not one
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ou en partie par l'affinité , doivent cependant
étre considérés sous un autre rapport, soit
parce que l'affinité n'y contribue que pour une
part trop faible, soit parce que l'expérience n'a
pu conduire encore A déterminer les affinités
particuliéres auxquelles ils sont dus. On désigne
comme propriétés physiques toutes celles qui
ne paraissent pas dépendre immédiatement de
Yaffinité.

1l suit de la qu'il doit souvent exister un
rapport entre les propriétés physiques et les
propriétés chimiques; qu’il faut souvent avoir
recours aux unes et aux autres pour l'explica-
tion d'un phénoméne auquel elles peuvent
concourir, et qu'il convient d’établir une relation
intime entre les différentes sciences dont la
physique se compose , pour qu'elles puissent
s'éclairer mutuellement.

Les principes établis sur les résultats de faits
observés sous chaque point de vue, et I'explica-
tion des phénomeénes chimiques fondée sur leurs
rapports avec toutes les proprietés dont ils sont
des conséquences’, constituent la théorie qu'on
doit distinguer en théorie géncrale et en théories
particuliéres.

1l y a des sciences qui peuvent parvenir
un certain degré de perfection sans le secours
d'aucune théorie, et seulement par le moyen
d'un ordre arbitraire quon établit entre les



of these. Observation 1s generally based on experiment, and the
results are i1nfluenced by the interaction of more or less
accidental circumstances. Every experiment has a goal, is based
on an hypothesis. For experimental observation to have any
meaning, the facts observed must be compared from different
angles, and at least some of the condit:ions necessary to each
phenomenon observed must be established. Otherwise, 1t 1s
impossible to reproduce observed phenomena. The most farfetched
suppositions, i1deas that today may seem positively ridiculous,
had their uses 1n earlier times. Each hypothesis led to
painstaling experimentation., essential to the early stages of
chemistry as a science. The experiments produced a large body of
facts. These i1n turn revealed a large number of properties and
1mproved experimental methods.

However chemistry was simply an ever expanding volume of partaial
observations. The theories advanced were the antithesis of
general laws, 1.e. totally unrelated particular theories., their
only limits those of human 1magination. Chemists remained aloof.
cut off from other branches of learning. As the facts
accumulated. chemistry moved steadily further from being a true

sclence.

w
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observations des faits naturels dont elles s'occu-
pent principalement ; mais il n'en est pas de
méme en chimie, ou les observations doivent
naitre presque toujours de I'expérience méme,
et ou les faits résultent de la reunion factice
des circonstances qui doivent les produire. Pour
tenter des experiences, il faut avoir un but,
étre guid¢ par une hypotheése ; et pour tirer
quelque avantage de ses observations, il faut les
comparer sous quelques rapports , et déterminer
au moins quelques-unes des circonstances né-
cessaires auxquelles chaque phénoméne observeé
doit son origine, afin qu’on puisse le reproduire.
Ainsi des suppositions plus ou moins illusoires,
“et méme des chiméres qui sont aujourd’hui ridi-
cules, mais qui ont engagé aux tentatives les
plus laborieuses, ont été nécessaires au bercean
de la chimie : par leur moyen les faits se sont
multipliés, un grand nombre de propriétésaété
constaté, et plusieurs arts se sont perfectionnes.
Toutefois la chimie ne fesait que se grossir
d'observations incomplétes , et de theories
particulieres qui n’avaient aucune haison en-
tre elles, quise succédaient comine les capiices
de limagination , et qui n'avarent aucun rap-
port avec les lois generales s orguerllcuse et 1solée
de toutes les autres connassances, plus elle
fesait d'acquisitions , plus elle seloiguait du
caractere des veritables sciences.



It 15 only since affinity was recognized as the basis of all
combination that chemistry can be regarded as a science tending
toward establishment of general pranciples. Attempts have been
made to classify the combinations possible for each element, and

to establish the proportions reqguired.

Rergman had a great i1nfluence on acceptance of affinity as a
general principle. He i1dentified most of the conditions that
alter affinity or the effects 1t produces. He i1ntroduced
chemical analysis methods based on affinity, and attained a

degree of precision hitherto unknown.

Many phenomena, however., result from combinations i1nvolving
oxygen, the substance which appears to have the most actave
affinities. Before the existence of this substance was known,
observed fact had to be supplemented by hypothesis. No sooner

did Priestley discover this all i1mportant substance than Lavoisier
determined 1ts combinations, thus attributing 1ts numerous

effects to their true cause. This great scientist s unforgettable

discoveries elucidated not merely oxygen-related phenomena but
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Ce n'est que depuis que l'on a reconnun
Yaffinité comme la cause de toutes les combi-
naisons , que la chimie a pu étre regardee
comme une science qui commengait i avoir
des principes généraux : dés-lors on a cher-
ché a soumettre & un ordre régulier la succes-
sion des combinaisons, que différents elements
peuvent former , et & determiner les propor-
tions qui entrent dans ces combinaisons.

Bergman donna beaucoup plus d'étendue a
I'application de ce premier principe : il fit ap-
percevoir la plupart des causes qui pouvaient
en déguiser ou en faire varier les effets : il
fonda sur lui les méthodes des difféerentes ana-
lyses chimiques , qu'il porta a un degré de preé-
cision inconnu jusqu’a lui.

Cependant un grand nombre de phénoménes
dépendent de la combinaisan de l'oxigéne qui
est la substance dont les affinités paraissent le
plus actives; et son existence méme n’était point
connue : 1l fallait suppleer par des hypothéses
a l'action u'il exerce. Priestley n'eut pas plutot
fait connaitre cette substance qui joue un role
st important, que Lavoisier en determina les
combinaisons, et rappela & cette cause réclle
les nombreux effets qu'elle prodmit. Le grand
jour que ses decouvertes immortelles répan-
dirent non-seulement sur les phénomenes qui
en dependaient , mais encore sur l'acuon de



the action of a number of other gases discovered during the same
period. The revolution i1n thinking that he produced makes his

discoveries worthy of being considered a new, general theory.

Another prerequisite to correct i1nterpretation of most phenomena
15 accurate understanding of the effect of heat on affinity and
the results of affinity. After Black discovered the basic
properties of heat. a number of physicists carried out more
advanced experiments. Lavoisier and Laplace have published a
technical paper that describes precise laws governing the basic

properties of heat.

The chemistry of today 1s familiar with the properties that are
the driving force that underlies all chemical action and 1s the
source of all the phenomena 1t produces. Chemistry 1s currently
based on prainciples that have led to rapid advances in all

branches of the science.

Particular theories are limited to consideration of specific
facts or a restricted category of phenomena. Many are no more
than a rigorous application of observed properties., or a

subjective description of an experiment. Until the science
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plusieurs autres gaz découverts i la méme
€poque, meérita a la révolution qu'il produisit
T'honneur d'étre regardée comme une théorie
génerale et nouvelle.

La considération précise d'une cause égale-
ment puissante , par les modifications qu'elle
introduit dans les résultats de I'affinité , celle
de T'action de la chaleur était aussi nécessaire
pour linterprétation de la plupart des phé-
nomenes : on devait 4 Black Ia découverte des pro-
pri€tés fondamentales de la chaleur ; elles avaient
occupé apres lui plusieurs physiciens ; mais elles
furentsoumises a des lois bien déterminées , dans
un savant mémoire quon doit & Laplace et a
Lavoisier.

On voit donc que la chimie a acquis de nos
jours la connaissance de ces propriétés géne-
ratrices qui accompagnent toute action chimi-
que, et qui sont la source de tous les phéno-
ménes qu'elle produit : cette science a donc pu
étre fondée sur des principes dont 'application
a fait faire des progrés rapides a toutes les
connaissances qu'elle embrasse.

Comme les théories particulieres bornent leurs.
considérations 4 certains faits ou a quelques
classes de phénomeénes, elles peuvent souvent
se restreindre a lapplication rigoureuse des
projriétés bien constnl,(‘vs, et n'étre, pour ainsi
due, que l'expression réservée de lexpérience ,



progresses sufficiently to broaden their scope, they cannot be
any more than this. Particular theories are based on knowledge
acquired through the senses. This 1s especially true when 1t
comes to determining the elements that make up a compound

substance and the methods used to do so.

The above does not apply to a theory that i1nvolves consideration
of all particular theories, that attempts to establish which
chemical properties are common to all bodies, and which specific
to 1ndividual bodies. The aims ot such a theory are to shed
light on all subjects, i1mprove all methods, collect and compare
results. It seeks out 1ndividual causes that contribute to a
given phenomenon, and attempts to determine their relative
weight. It goes beyond mere observation and comparison of
phenomena whose causes are obvious. It suggests a possible
relationship between knowledge already acquired and facts as yet
unknown. It may abandon without explanation facts whose

importance 1s not recognized - because of 1naccurate or poorly
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jusqu'a ce que les progrés de la science leur
donnent une plus grande extension : elles
peuvent donc étre réduites a toute la certi-
tude qui peut appartenir aux connaissances
fondées sur le témoignage de nos sens; ce qui
est sur-tout vrai pour la détermination des
¢lements des substances composées, et des mé-
thodes par lesquelles on parvient a cette dé-
termination.

Il n’en est pas de méme de la théorie qui
embrasse la considération de toutes les théories
particuliéres, et qui cherche a déméler ce qu'il
peut y avoir de commun entre les propriétés
chimiques de tous les corps, et ce qui peut dé-
pendre d'une disposition particuliére a chacun:
occupée de répandre la lumiére sur tous les
objets, de perfectionner toutes les méthodes ,
de recueillir les résultats pour les comparer,
elle tache de reconnaitre toute la puissance de
cbaque cause, et toutes les causes qui peuvent
concourir a chaque phénomeéne ; elle porte la
vue par-dela les limites de 'observation ; elle ne
compare pas seulement les phénomenes dont
les causes peuvent c¢tre clairement assignées ;
mais elle indique la haison qui peut se trouver
entre les connaissances acquises et celles aux-
quelles on doit aspirer : si elle abandonne sans
exphcation un certain nombre de faits dont
elle n'appercoit encore aucune conséquence ,



planned experiment., or because the facts are based on the complex
interaction of a number of properties — only to re—-examine them

when relevant new facts come to light.

The theory must of course be based on accepted truths, and fairly
well grounded conjecture. Application of the principles on which
1t 15 based will provide fairly complete, fairly accurate
explanations of a variety of phenomena. The theory i1mproves and
grows 1n 1mportance through further observation and i1nteraction

with other sciences.

Once the general properties that are the goal of all the effects
of chemical action were recognized, the conditions of affinity
that best comply with all explanations were soon set out as
constant., established laws. The laws could then be used as the
basis for further explanation. The progress of a science 1s

measured mainly by 1ts capacity to enlarge 1ts scope 1n this way.

Because I am convinced that current chemical principles and., as a
consequence, their corollaries cannot as yet properly be

classi1fied as fundamental, I have undertaken to re-examine them
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soit parce qu’ils doivent étre éclaircis par des
expériences plus exactes ou mieux dirigées,
soit parce qu'ils dépendent d'un conflit trop
grand de différentes propriétés , elle les ressaisit
dés quelle appercoit une lueur qui peut l2
guider.

Cette théorie repose ndcessairement sur des
vérites bien établies , et sur des conjectures plus
ou moins fondées ; et, par l'application des prin-
cipes auxquels elle s'éléve , elle donne des ex-
plications plus ou moins complétes , plus on
moins certaines des phénomeénes divers; elle se
perfectionne et s’aggrandit par les progrés de
I'observation, et par son commerce avec les
autres sciences.

Dés que l'on a reconnu les propriétés géné-
rales anxquelles doivent aboutir tous les effets
de Taction chimique, on s'est haté d'établir,
comme lois constantes et déterminées, les con-
ditions de Tlaffinité qui ont paru satisfaire a
toutes les explications ; et réciproquement on
déduit de ces lois toutes les explications, et
c'est dans la superficic que la science acquiert
par la , que l'on fait principalement consister ses
progres.

Persuadé que les principes adoptés en chimie,
et les conséquences immeédiates qu'on en tire
pour qu'elles servent elles-mémes de principes
secondaires , ne devaient point encore étre admis



exhaustively. The observations that led me to believe that we
st1ll know relatively little about the effects of affimity are
contained i1n an earlier publication that deals with my research

on the laws of affinity.

The present essay 1s an attempt to enlarge on my earlier
reflections so as to itnclude all the factors that may alter the
results of chemical action (the product of affinity and
quantity). It i1ncludes discussion of the i1nterdependence of the
chemical properties of an i1ndividual body, and of the properties
of different substances. Every attempt has been made to
establish the forces produced by this i1nteraction through
examination of their effects. In addition, an attempt has been
made to distinguish between forces that reinforce the effects and

forces that wealen them.

The essay 1s divided i1nto two parts. The first part deals with
all aspects of chemical action. The second part deals with the
substances that have the most profound effect on chemical

phenomena., and classification of these substances by property or

interrelationship of affinities.

I begin by considering affinity and 1ts i1nfluence on the

coherence of the component parts of a body. I define "cohesion"

as the combined effect of the i1ndividual affinities of the

10
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comme des maximes fondamentales, je les ai
rappeles 2 un nouvel examen, et jai déja publié
dans mes recherches sur les lois de l'affinité les
observations qu1 m'ont porté a croire quon ne
sétait pas encore fait une idée trés-exacte des
effets qu'elle produit.

Le but de cet essai est d'étendre mes premiéres
réflexions a toutes les causes qui peuvent faire
varier les résultats de I'action chimique, ou du
produit de l'affinité et de la quantité. Yexa-
minerai donc quelle est la dépendance mutuelle
des propriétés chimiques des corps, comparées
d’abord entr'elles, et considérées ensuite dans
les differentes substances ; quelles sont les forces
qui nassent de leur action dans les effets qui
en proviennent , et quelles sont celles de ces
forces qui concourrent a ces effets ou qui leur
sont opposees.

L'essai est divisé en deux parties : dans la
premuere, je consideére tous les elémentsde l'action
chimique, et dans la seconde, les substances
qui lexercent et qui contribuent le plus aux
plienomeénes chimiques, en les classant par leurs
dispositions ou par les rapports qui existent
centre leurs affinttes.

Le premier effet de T'affimité sur lequel je
fixe I'attention, est celui qur produit l cohic-
rence des parties qui entrent dans la compo-
sition d'un corps; cest l'effet de laffinte res-



components. Cohesion has the effect of holding components
together. It 1s opposed to all the forces that i1nfluence them to

form different combinations.

All affinities whose action tends to reduce the effects of
cohesion must be considered as opposing forces that lead to
dissolution. For example, a liquid can liquefy a solid 1f the
liquid s force of dissolution 1s stronger than the solid's force
of cohesion. Sometimes dissolution occurs 1mmed:ately. Sometimes
1t cannot occur until cohesion has been weakened by the first
stages of combination. Under some circumstances the liquid can do
no more than moisten the surface of the solid. If the solid’s
affinity for the liquid produces an effect no greater than that
produced by the mutual affinity of the liquid's constituents, the
solid 1s not even moistened. Affinity and dissolution produce a
variety of effects, depending on their relative strength. These
effects must be distinguished one from the other. However we
should not fall i1nto the error of those physicists who attraibute
1nconsistent results to the action of two affinities, one

chemical. the other physical.

Chemists have not been able to 1gnore the effects of cohesion.

11



However, they have presumed cohesion to be a property that is
exclusive to solid bodies and disappears when a body changes to
another state. What actually happens is that the effects remain,
even though they may no longer be apparent. The same thing occurs
when any physical force is suppressed. One of the main
disparities between my explanation and generally accepted theory

is that the latter ignores this consideration.

The interaction between components of a substance that makes them
tend to come together can be overcome by a force of dissolution.
The extent to which the combining force is diminished depends on
the quantity of sclvent used and the amount of heat used to step
up its action. Conversely, reduction in heat or solvent quantity
increases the combining force and related effects. The various
separations and precipitations that occur in liquids because of

the formation of a solid are the result of such reductions.

Crystallization is one of the obvious effects of the force of
cohesion. The parts that crystallize take on a symmetrical
configuration determined by the interaction of small particles of
solid material that separate out from a liquid as a result of

their force of cohesion. Some properties of solids (e.g. ease of
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proque de ces parties, que je distingue par le
nom de force de coliesion, et qui devient une
force opposeée a toutes celles qui tendent a faire
entrer dans une autre combinaison les parties
qu'elle tend au contraire a réunir.

Toutes les affinites qui tendent par leur action
3 diminuer l'effet de la cohesion, doivent étre
considerées comme une force qu! Ly est opposee ,
et dont le résultat est la dissolution. Lors donc
qu'un liquide agit sur un sohde, sa force de
dissolution peut produire la hquéfaction du
solide , si elle I'emporte sur celle de cohesion;;
mais quelquefois cet effet a heu immediateruent;
quelquefois 1l faut que la cohesion soit d'abord
affublie par un commencement de combi-
nason ; 1l est des circonstances ou le liquide
ne peut agir qua la surface du solide et le
moutller; enfin le solide ne peut pas méme étre
moutlle, lorsque son affinité avec le liquide ne
produit pas un effct plus grand que celur de
laffinite mutuelle des parties de ce dernier. Ces
deux forces produisent donc, selon leur rap-
port, differents resultats qui dovent étre dis-
tinoues, mans quxl ne fant Pas attrlbuor, avec
quelques physiaens ;) a deuv affinites dont s
ont regmde F'une comne chimique, et lautre
comme dorivee des lors physiques

Tes cftets de Lo force de cohesion n'ont pu
echappa a Tattention des chinustcs; mais 1ls



12 STATIQUE CHIMIQUE.

ne Font considérée que comme une qualité des
corps actuellement solides , de sorte que la
solidité n’existant plus. ils I'ont regardée comme
détruite : au contraire, ses effets peuvent cesser
d'étre sensibles sans qu'elle cesse d'agir , ainsi
que toutes les forces physiques qui sont com-
primeées : c'est ici P'une des principales causes
de la différence que I'on trouvera entre les ex-
plications que. je présente et celles qui sont
adoptées, et dans lesquelles on a négligé de faire
entrer. cette considération.

L'action réciproque qui tend a réunir les
parties d'une substance peut étre surmontée par
une force dissolvante, et son énergie diminue
2 mesure que la quantité du dissolvant aug-
mente, ou que son action est accrue par la
chaleur; au contraire, elle augmente si les cir-
constances précédentes s'affaiblissent , et elle
reproduit enfin des effets qui sont dus a sa
prépondérance : de la toutes les séparations et
precipitations qui ont lieu dans un liquide, et
qui sont dues a la formation d'un solide.

La cristallisation est un des effets remarquables
de la force de cohésion ; les parties qui cris-
tallisent prennent un arrangement symétrique
qui est déterminé par l'action mutuelle des
petits solides que leur force de cohésion sépare
d'un liquide; et les conditions d'un solide qui
se rompt plus facilement dans un sens que dans



breakage along a specific axis, fragility, elasticity, ductile

strength) are factors of the configuration.

The solubility of any salt depends on the balance between the
salt’s cohesion and the dissolving power of the liquid involved.
This explains why one salt will crystallize rather than another,
and why salts can be separated by successive evaporation. The
force of cohesion opposes both the effect of the solvent and
interaction with other salts. Several salts i1n solution are all
part of a liquid where i1ndivaidual action 1s 1n a state of
equilibrium, until such time as the force of cohesion acquires
sufficient energy to change the least soluble salts to the solad

state.

The i1mmediate effect of all chemical action i1s combination.
Dissolution 15 simply combination considered i1n the light of 1ts
relationship to the force of cohesion. In all combinations
substances have been observed to act in proportion to the
quantity present within the sphere of activity. An obvious
corollary 1s that the action of a substance slows down as

saturation 1s approached.

Some substances have one predominant affinity that greatly

influences 1ts properties. These strong affinities are used to
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un autre, qui est plus ou moins fragile , plus
ou moins ¢€lastique , plus ou moins ductile,
dépendent de cet arrangement.

La différente solubilité des sels qui provientdu
rapport de leur force de cohésion a 'action du
liquide dissolvant, est non-seulement la cause de
leur cristallisation, mais aussi de leur séparation
successive par le moyen de I'évaporation; elle
n'est pas sculement opposée  Feffet du dissol-
vant, mais i leur action mutuelle; car pendant
que différents sels sont en dissolution, ils ne
forment qu'un liquide ou toutes les actions par-
ticuliéres se contrebalancent jusqua ce que la
force de cohésion ait acquis assez d'énergie pour
faire passer a I'état solide ceux qui sont moins
solubles.

Puisque l'effet immédiat de toute action chi-
mique est une combinaison, la dissolution wv'est
elle-méme qu’une combinaison considérée sous
son rapport avec la force de cohésion; or, dans
toute combinaison on remarque que l'action
d'une substance est toujours proportionnelle a
la quantité qui peut se trouver dans la sphere
d'activité : une conséquence immédiate de cette
loi, c'est que l'action d’'une substance diminue
en raison de la saturation qu'elle éprouve.

Parmi les affinités d'une substance, il y en
a quelquefois une qui est dominante, et qui
imprime son caractére & ses propri€tés distinc-



classify substances within a system of chemistry. Furthermore,

they are the 1mmediate cause of most chem:ical phenomena.

All properties derived from a dominant affinity are suppressed or
reappear along with 1t. Combination produces new properties
unrelated to those that disappeared on saturation; they are the
result of changes brought about by condensation or expansion of
the combining elements. The i1nteraction of particles 1n a
combination reflects the condensation or expansion that brings
the particles closer together or pushes them further apart. This
1s why & salt 1n combination has a specific solubility, a

specific crystallization.

When a substance enters 1nto a combination i1ncompatible with 1ts
dominant affinity., 1t carries over i1nto the combination all the
properties related to the affinity, modified by the new
composition and the extent of saturation. This 1s why an alloy
has the properties of a metal. Changes i1n properties related to
the 1nteraction of simple or complex particles of a substance

(force of cohesion, fusibility, specific weight) are directly

14
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tives : ce sont ces affinités énergiques qui ser-
vent a classer les substances dans un systéme
de chimie, et qui donnent naissance a la plupart
des phénoménes chimiques.

Toutes les propriétés qui sont dérivéesde cette
affinité dominante deviennent latentes ou re-
paraissent avec elles; la combinaison en a de
nouvelles qui n'ont plus aucun rapport avec
celles qui ont disparu par la saturation, mais
elles sont une conséquence des changements qui
se sont opérés par la condensation ou par la
dilatation des éléments de la combinaison; car
I'action réciproque des molécules d'une com-
binaison correspond a la condensation ou
a la dilatation qui approche ou é€loigne les
molécules ; ainsi les sels qui sont dans l'état de
eombinaison ont une solubilité et une cristal-
lisation particuliere.

Lorsque les substances qui jouissent d'une
affinité dominante subissent une combinaison
qui est €trangére a laction de cette affinité,
elles y portent toutes les propriétés qui en dé-
pendent, et qui ne sont que modifiées par la
constitution qu’elles ont acquise , et par le
degré de saturation qu’elles ont éprouve ; ainsi
un alliage conserve les propriétés meétalliques;
et celles qui proviennent de I'action réciproque
des molécules, soit simples, soit composees, telles
que la force de cohésion, la fusibilité, éprouvent,



attributable to the altered interparticulate distance in the new

configuration.

Suppose a substance has a powerful dominant affinity. Suppose
that substance is saturated by another and the properties of the
first disappear. It follows that the second substance has an

equally powerful, but contrary dominant affinity.

Acids and alkalis provide an excellent example of the contrary
properties that are the main source of chemical phenomena. Their

interaction merits further discussion.

First of all. I consider that the mutual tendency of acids and
alkalis to saturate each other to be a general property.
unrelated to the specific tendencies of i1ndividual acids or

bases, or the properties related to their components.

Reciprocal saturation of an acid and an alkali1 1s an i1mmediate
effect of reciprocal affinities. It can even be taken as a
measure of those affinities, provided the quantity of each

required to reach saturation 1s taken i1nto account. It follows
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ainsi que la pesanteur spécifique, un change-
ment qui n’est produit que par celui de la distance
mutuelle des molecules dans la constitution
qu’elles ont acquise par la combinaison.

Une affinité dominante et énergique dans une
substance suppose une disposition analogue dans
une autre substance dont les propriétés carac-
ténistiques doivent par la étre regardees comme
antagonistes des siennes, puisqu’elles les font
disparaitre par la saturation.

Les acides et les alcalis montrent au plus haut
degre ces propriétés antagomistes qui sont la
source principale des phenomenes chimiques ;
leur action reciproque mérite donc de fixer par-
ticuliérement l'attention.

Je considére d'abord comme un attribut gé-
néral , cette propriété correlative des acides et
des alcalis de se saturer mutuellement, indé-
pendamment des affections particuhiéres a cha-
cun d'eux , et des proprietes qui dependent
des elements dont 1ils sont composes.

Comme cette saturation réciproque des acides
et des alcalis est un effet immediat de leur
affinité reciproque , elle doit étre regardée
comme la mesure de leur affinite , si 'on prend
en consideration les quantites respectives qui
sont necessaires pour produire cet effet. D'ou
il suit que les affinites des acides pour les alcalis
ou des alcalis pour les acides sont proportion-



that the affinities of acids for alkalis and vice versa are
proportional to their capacity for saturation. From this I
conclude that when several acids act on a single alkali, the
result is not a single combination between one acid and the
alkali. Each acid acts in proportion to its capacity for
saturation and the quantity present. I have named this complex
relationship "chemical mass”. What I am saying 1s that when
several acids compete for one alkali, the action of each 1s
proportional to its mass. Mass 15 determined by comparing the
saturation capacities of all acids with reference to a given

alkali, or of all alkalis with reference to @ given acid.

The concept of elective affinity was postulated to explain
combinations involving two acids and one alkali, or two acids and
two alkalis. It was presumed that, by elective affinity, one
substance would replace another 1n a combination., and that the
interaction of four substances would produce two separate

combinations.

This supposition does not comply with the general law governing

combinations. In my opinion, the effects of affinity must be

considered separately. i.e. the effect that produces combinations

16
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nelles & leur capacité de saturation. J'établis
en conséquence que lorsque plusieurs acides
agissent sur une base alcaline, I'action de l'un
des acides ne 'emporte pas sur celle des autres,
de maniére 4 former une combinaison isolée,
mais chacun des acides a dans l'action une part
qui est déterminée par sa capacité de saturation
et par sa quantité; je désigne ce rapport com-
pos€ , par la dénomination de masse chimique;
je dis donc que chacun des acides qui se trou-
vent en concurrence avec une base alcaline agit
en raison de sa_masse; et pour déterminer les
masses , je compare les capacités de saturation,
soit de tous les acides avec une base , soit de
toutes les bases avec un acide.

Pour expliquer les combinaisons qui se for-
ment dans le concours de deux acides avec une
base, et celles qui se produisent par l'action de
deux acides et de deux bases, on a supposé une
affinité élective qui, par sa graduation, subs-
titue une substance i une autre dans une com-
binaison, et qui dans laction réaproque de
quatre substances , détermine deux combi-
naisons qui sisolent.

Cette supposition ne peut point se conciher
avec la loi générale des combinaisons; mais la
considération des deux effets distincts de laf-
finité , en tant qu'elle produit les combinasons
et qu'elle est le principe de la force de cohesion,



must be distinguished from the effect that produces the force of
cohesion. This would explain everything that has been attributed

to elective affinity or to the action of double affinities.

The general rule that a substance s chemical action 1s
proportional to i1ts affinity and 1ts quantity 1s affected by the
force of cohesion. It 1s also i1nfluenced by the expansive action
of caloric (1.e. that which produces heat), the principle of

expansibility.

Caloric contributes to all chemical phenomena by 1nfluencaing the
action of all substances. It 15 thus extremely 1mportant that
1ts general properties and effect i1n a variety of circumstances
be determined accurately. This 1s the reason behind the apparent

digression from my stated aim.

Whether a given substance 1s i1n the solid., liquid or elastic
state depends on the balance between two opposing forces. The
first of these (cohesion) draws the particles of a simple or
complex substance together. The second (caloric) exerts an
expansive force. In some cases the action of caloric contributes

to the combination of one substance with another; i1n other cases

17
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m’a paru suffire & l'explication de tous les faits
quon attribue i l'affinité élective et a I'action
des doubles affinités.

La loi générale a laquelle est assujettie I'ac-
tion chimique que les substances exercent en
raison de l'énergie de leur affinité et de leur
quantité,, n'est pas seulement modifiée dans
les effets qui en dépendent par la force de
cohésion ; elle I'est encore par Jaction ex-
pansive du calorique ou de la cause de la cha
leur, qui est le principe de Fexpaosibilité.

Comme toutes les substances éprouvent dans
leur action linfluence du calorique, et qulil
contribue par conséquent a tous,les phénoménes
chimiques, il est important de déterminer avec
précision ses propriétés geneérales et. les effets
qu'il peut produire dans différentes circons-
tances. Tentrerai a cet égard dans des détails
élémentaires qui paraissent €trangers au but
que je me suis propose.

Clest du rapport de Taction réciproque par
laquelle les molécules d'une substance simple ou
composée tendent & se reéuntr, avec laction
expansive que le calorique exerce sur elles,
que dépend la disposition de cette substance
a la solidité, a l'etat hiquide ou a l'état élas-
tique : leffet du calorique peut concourir,
selon les circonstances; 4 la combinaison de
cette substance avec les autres, ou lui étre

1. 2



1t opposes 1t. Whenever caloric produces the elastic state, the
resultant gas must be considered a result of a combination with
caloric., and elasticity as a force opposed to both the solid
state and liquid combinations. The action of elasticity precedes
1ts becoming effective, a characteristic previously referred to

with regard to solidity.

Caloric tends to i1increase the distance between the particles of a
substance. It would always be an obstacle to combination were 1t
not for two facts. Caloric can promote combination by reducing
solidity (another obstacle to combination); 1t can i1ncrease
elasticity and contribute to the action of gases. It supports the
combination of some substances and provides an obstacle to that
of others., depending on their 1ndividual properties. These

effects must not be confused with those of reciprocal affinity.

Elastic fluids have a smaller capacity for chemical action than
all other types of substance. This 1s because no elastic fluid
can have more than a very small quantity of matter within the

sphere of actavaty.

When gases i1nteract., the result depends on the relative strength

of each one’'s affinity. When affinity 1s weak, the result 1s a

18
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contraire. Lorsque le calorique produit I'état
élastique, on doit considérer le gaz qui en pro-
vient comme di 4 la combinaison qu'il forme,
et I'clasticité comme une force opposée, soit &
Ia solidité, soit aux combinaisons liquides ; mais
il faut appliquer a I'élasticité ce que j'ai remar-
qué sur la solidité : son action précéde linstant
ou elle devient effective.

L'effort du calorique qui tend a accroitre la
distance des molécules serait toujours opposé
aux combinaisons des substances entre elles, s'il
ne produisait souvent un effet plus grand que
ce premier, en diminuant la solidité qui est un
autre obstacle 4 la combinaison, ou en aug-
mentant ['élasticité qui seconde l'action des gaz:
il favorise donc les combinaisons de quelques
substances, et il est contraire 4 d’autres selon
leurs dispositions. Il ne faut pas confondre ces
effets avec ceux de l'affinité réciproque des
substances.

Les fluides €lastiques ont un grand désavantage
relativement aux autres substances dans 'action
qu'ils exercent sur elles, car ils ne peuvent
porter dans la sphere d’activité qu'une tres-
petite masse.

Dans l'action réciproque des gaz, les résultats
sont trés-différents selon l'intensité de l'affinité ;
lorsqu’elle est faible, elle se borne & une disso-
hition dans laquelle les dimensions respectives



solution that leaves volume and properties unchanged. When
affinity 1f strong., volume 1s greatly reduced and different
combinations, with different properties, are formed. We must be
aware of the properties that distinguish constant gases from
vapours (substances that adopt the gaseous state only under

specific conditions).

These effects, far greater i1n gases than 1n either liquids or
solids, are dependent on changes 1n volume, 1n turn caused by
changes 1n temperature. The rules governing expansion of elastic
fluids must be accurately established. The behaviour of constant
gases may then be compared to that of substances that become
gases only when acted upon by a constant gas or by an i1ncrease 1n

temperature.

Combination may change a naturally elastic substance 1nto a
liquid or a solid. The condensation that occurs produces new
properties. We must distinguish between the chemical action such
substances can exert 1n the altered state, and the energy that
they acquire, energy that 1s transferable to the combination. The
affinity of a combination can be defined as a force resulting
from the affinities of the components., affinities that reappear

when the combination 1s destroyed. or are altered to produce

19
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et les propri€tés ne sont point altérées; si elle
est €nergique, ces dimensions éprouvent une
grande diminution, et il se forme des combi-
naisons qui ont des propriétés nouvelles; mais
il faut reconnaitre les propriétés qui distin-
guent les gaz constants des vapeurs qui ne
prennent l'état de gaz que dans certaines cir-
constances.,

Tous ces effets varient par les changements
de dimensions que produisent les changements
de tempe’rature , et qui sont beaucoup plus con-
sideérables que dans les liquides et les solides.
1l importe donc de déterminer avéc soin leslois
que suit la dilatation des fluides élastiques, et
de comparer sous ce rapport ceux qu‘ sont per-
manents et ceux yui ne prennent cet €tat que
par l'action des premiers ou par des élévations
de tempeérature.

Les substances naturellement €lastiques peu-
vent étre ramenées par la combinuison a |'état
liquide ou solide ; alors elles acquierent des
propriétés nouvelles par leur condensation. On
doit distinguer I'action chimigue quelles peu.
vent exercer dans cet etat, et lenergie quelles
ont acquise et quelles peuvent communiquer
A leur combinaison e¢n regardant laffinite de
celle-ci comme une force resultante des affinites
¢élémentaires qui lur succedent lorsque la com-
binaison cesse , ou qui donnent naissance a

2.



different affinities when the state of the combination is

altered.

All natural phenomena occur i1n the atmosphere. Because
atmospheric pressure and temperature, and combinations involving
atmospheric components, greatly i1nfluence these phenomena. all

three contributing factors must be accurately established.

The combined effect of the various sources of chemical action can
produce a combination with constant proportions, or a combination
whose proportions vary according to conditions. Altering the
proportions of a combination with fixed proportions requires
considerable force, more specifically a force equal to that
holding the combination together. If that obstacle i1s overcome,
the chemical action continues to produce an effect based on the
strength of the affinities and the quantity of each substance
invol ved. I have attempted to determine, for a number of
combinat:ions, the conditions that set limits on proportions, and

appear to halt the progress of chemical action.

The time required for a chemical action to be completed is

another 1mportant factor. It varies widely with the substances

20
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d’autres affinités résultantes, lorsque I'état de
combinaison vient a changen.

Tous les phénomeénes de la nature se passent
dans l'atmosphére qui concourt souvent a les
produire par sa compression, sa tempeérature
ou la combinaison des parties qui la composent;
1l faut donc avoir une connaissance exacte des
qualités de I'atmosphére sous ces trois rapports.

Le résultat des différentes causes qui inter-
viennent dans l'action chimique est quelquefois
une combinaison dont les proportions sont cons-
tautes ; quelquefois au contraire les propor-
tions des combinaisons qui se forment ne sont
pas fixes et varient selon les circonstances dans
lesquelles elles sont produites : dans le premier
cas il faut une accumulation de forces pour
changer les proportions, qui soit égale a celles
qui tendent i maintenir leur état de combi-
naison : cet obstacle vaincu, 'action chimique
continue i produire son effet en raison de
U'énergie des affinités et de la quantité des subs-
tances qui l'exercent. J'ai tiché de déterminer
les conditions qui limitent ainsi les proportions
dans quelques combinaisons, et qui paraissent
mettre une interruption dans la progression de
Yaction chimique.

11y a encore dans l'action chimique une con-
dition qui doit étre prise en considération, et
qui sert a expliquer plusieurs de ses effets; c'est



involved and prevailing conditions, and provides an explanation
for a number of the action’s effects. I have also examined the

progress of chemical action from this angle.

The first part of the essay covers all the known aspects of
chemical action. The second goes on to discuss the propensities
of the substances that have the most striking chemical
properties, those noted for a peculiar quality or a dominant
affinity. In these properties 1 hope to find an explanation of
the properties of the combinations the substances form, depending

on their state, and an explanation of the phenomena they produce.

The second part includes discussion of the properties of
inflammable substances and their combinations with one another;
compound acids and the combinations they form depending on the
ratioc of their component parts; alkalis. earths, and metallic

substances.

Vegetable and animal substances are extremely complex. not in the
number of their constituent elements, but in the variety of

substances formed, each of which is itself capable of action as a
result of the force produced. These substances are so changeable,

so variable that it is very difficult to formulate an accurate
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Pintervalle de tems qui est nécessaire pour qu'elle
sexécute , et qui est trés-variable selon les subs-
tances et selon les circonstances. J’examine sous
oce rapport la propagation de l'action chimique.

Apres avoir ainsi parcouru tous les éléments
vonnus de l'action chimique, je passe a la se-
conde partie qui est destinée A considérer les
dispositions des substances qui sont les plus
remarquables par leurs propriétés chimiques,
et classées par leur caractére distinctif ou par
leur affinité dominante. Je tiche de trouver dans
leurs propriétés lorigine de celles des combi-
naisons qu’elles forment , selon I'état dans lequel
elles s’y trouvent et la raison des phénomeénes
auxquels elles concourrent.

Yexamine sous cet aspect les propriétés des
substances inflammables, celles de leurs com-
binaisons mutuelles, celles des acides composes
et des differentes combinaisons qui en sont dé-
rivées selon les proportions de leurs €lements,
celles des alcalis, des terres, et enfin des subs-
tances métalliques.

Les substances végétales et les substances
ammales sont tres-complexes , moins par le
pombre des elements qui entrent dans leur com-
position, que par les substances qui en pro-
viennent, et qui agissent chacune pat une lorce
resultante ; elles sont st mobiles et s1 variables
qu'll est bien diffiale de parvemsr a2 ube con-



explanation of the phenomena they produce. Their study requires
extreme caution. This is why the discussion is limited to facts
that appear well substantiated and. failing that, to the most

logical explanations chemistry has provided for related

phenomena.

The discussions that follow may seem to place undue stress on
some subjects at the expense of others. A number of subjects are
treated perfunctorily, not because they are unimportant, but
because they are common knowledge among chemists. Far more time
is devoted to other. perhaps less interesting, subjects on which

I believe further light needs to be shed.

tJ
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paissance exacte des causes des phénomeénes qui
leur doivent leur origine ; c’est dans leur con-
sidération qu'on doit porter la plus grande cir-
conspection : je me barnerai a indiquer ce qut
me parait le mieux constaté, ou ce qu'on peut
conjecturer de plus raisonnable sur les phéno-
meénes de ce genre que la chimie a pu atteindre.

On trouvera une grande inégalité dans les
discussions dans lesquelles entrerai : je passerai
rapidement sur quelques objets qui sont im-
portants, mais qui ne présentent rien d'incertain
aux chimistes , et je m’arréterai avec beaucoup
de détails a d'autres qui sont moins intéressants,
mais qui me paraitront exiger de nouveaux
éclaircissements
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ADVERTISEMENT:

Tre known abilities of the illustrious
Author of this Essay render any eulogium
on its merits unnecessary; and the object of
the Work is so ably set forth in his own
Introduction, that the Translator can add
nothing toit. It will be sufficient for him to
observe that he has endeavoured to adhere
closely to the Original, that the Author’s
meaning might be thoroughly comprehend-
ed; and that he has been induced to alter
the arrangement of the Notes from a belief
that they are more convenient for refcrence
in their- present situation, than when dis-

persed through the body of the work.



{NTRODUCTION.

THEpowars which produce chemical phe-
nemend, dre all dénved from the mutual at-

mlhﬂho'molecule of bodies, to which
thi minse 9f uffinity is given, to distinguish it
from-astroutimical attraction.

Jt i» prefiidle that they are the same pro-
pessys but Yalronomical attraction being only
exbrted Begween masses placed at a distance,
hhiﬂ- gare of themoleculz, their in-
tutyloi aid peculiar habitudes, have no in-
fodaca, s ¥eots, in all cases proportionate
to - theegsashy and. in the inverse ratio of the
square of the distances, may be the object of
sccurate calculation : the effects of cheinieal-
utwelction o affinity are, on the contrary, so
chiafed by particular and frequently inde-
toomiaia® conditions, that they cannot be

deduced
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% MITRODUCTION.

stance, form that which I call its constituv
tion: to obtain the analysts of chemical ac+
tion] mot only each of these conditions must
be appreciated, but also every circumstance
with which they have any cdnnection.

The properties of bodies which can thus
modify affinity have also other effects, inde-
pendent of those which produce the combi-
nation, and which are the subjects of the
differerst perts of physics. There are even
thény phenomena which, although they may
b¢ prodaced, wholly or in part, by affinity,

everthdless to be considered in an-
other view, either because affmty contributes
too slightly to their production, or because
etpbriment has not hitherto been able to
detétrmine the particular affinities from which
@y arise.  All those are called physical
which do not seem to depend im-
mediately on affinity.
+ Henée it follows, that a connection fre-
qtently exists between the physical proper-
ties and the chemical properties; that in
many cases recourse must be had to both of
them for the explanation of a‘phenomenon

to which they may each ‘contribute, and that
1\

INTRODUCTION xi

§ Is necessary to establish an tntimate rela-
tion between the different sciences of phy~
sics, that they may mutually elucidate each
other, .- - :

The principles established on the results of
facts observed under every point of view,
and the explanation of chemical phenomena,
founded on their relations to all the propertics
of which they are the consequences, constis
tute Theory, which should be distinguished
into general theory and partial theaories,

Some sciences may reach a certain degree
of perfection without the aid of any theory,
solely by means of an arbitrary order, estab-
lished from the observations of those natural
facts which are pnncipally the subject of
them ; but this is not the case with chemis.
try, in .which the observations ought, in
almost every case, to arise from experiment
alone, apd in which the facts result from the
factitious union of the circamstances from
which they must be produced, In making
an experiment it is necessary to hase-some
abject in view, and ta be guided by an hypo-
thesis; and to obtain any advantage from the
observations, they must be compared under

certam
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eertain conditions, and, at least, some of the
circumatances necessary to the production of
every phenomenon observed, must be ascer.
tained, to the end that they may be repro-
duced.- Thus, suppositions more or less illu-
sory, and even those chimeras which at pre-
sent appear ridiculous, but which have em-
ployed the most laborious investigations,
‘were necessary to the infancy of chemstry:
b heir means facts were multiplied : a great
number of properties were ascertained, and
many aris were brought to perfection.
.. Still Cheauetry was only enlarged with in-
complete remarks and partial theories, un-
connected with each other, which arose m
succession like the caprices of the mnagina-
tion, and had no rclation to any goneral law:
arrogant and insulated from every other spe-
cies of kpowledge, the greater the number of
doquisitions made to it, the farther was it
removed from the character of true science.
It is only since the period that affinity has
been recognized as the cause of all combina-
tions, that Chemistry could be regarded as a
science which began to have general prin-
ciples: from that time'its object has been to
bring
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bring the succession of combinatiohs, which
different elements are capable of forming,
into a regular system, and to ascertain the
proportions which enter into these combi-
nations.

Bergman extended the application of this
first principle very considerably: he pointed
out the greatest number of the causes which
might disguise or produce variations in its
effects: on it he founded the processes of
different chemical analysis, which brought it

to a degree of precision unknown before his
time.

A great nnmber of phenomena, however,
are dependent on the combination of oxigen,
which, of all substances, is that whose affini-
ties appear to be the most active, and its
existence was not even known: hypotheses
were, therefore, substituted for the action
which it exercises. Priestley had no sooner
made known this substance, which performs
so important a part, than Lavoisier ascer-
tained its combinations, and ascribed the
pumerous effects produced by it to the true
cause. The great Kght spread by his immor-
tal discoveries, not only over those pheno-

mena,
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mena dependent on them, but also over the
action of many other gases discovered at the
samg ‘period, obtained, for the revolution
which it produced, the honour of being re-
garded as a new and general theory.

The accurate investigation of a cause,
equally ppwerful from the modifications pro-
duced by it in the results of affinity, that of
the action of heat, was also necessary to ex-
plain the greater number of phenomena: it
is to Black that the discovery of the funda-
mental properties of heat arc due; since his
time they have engaged the attention of
roany philosophers; but they were reduced
to well-defined laws in an intelligent Memoir,
for which we are indebted to Laplace and
Lavoisier.

It is therefore evident that Chemistry has
acquired, in our time, the knowledge of those
generative properties which accompany all
chemical action, and which are the source of
all the phenomens prodaced by it: this
science. has therefore been founded upon
principles which have been rapidly applied
to every branch of knowledge within its

compass.
As
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+-:As the partial theories are limited in their
Yesearches to certain facts, or to some classes
of phenomena, they may frequently be re-
stricted to the rigorous application of some
well ascertained properties, and may be gaid
to be the cautious language of experience,
until the progress of the science gives them
a more enlarged extent: they may then be
reduced to that certainty which belongs to
knowledge founded on the testimany of our
senses : this 13 purticularly true with respect
to the determination of the elements of a
compound substance, and the means by
which that determination is obtained.

This 1s not the case with a theory which
comprehends the consideration of all the par-
tial theories, and which aims at disentangling
that which may belong in common to the
chemical properties of all bodies, from that
which depends on the particular qualities of
each: employed in elucidating all the ob=
Jects; in bringing to perfection all the pro-
cesscs; in collecting and comparing all the
results, it endeavours to discover every power
of each cause, and cvery cause which contri-
butes to cach phenomenon; it carries the

mind
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wmind beyond the limits of observation ; if 1ot
only compares the phenomena whose causes
<an. be clw'ly manifested, but it also points
out the connection which may exist between
kmpwledge already obtained, and that which
may be ‘hoped for: if it omits the explana-
tion-of & certain number of facts from which
it cannot yet deduce any consequence, either
bieanss it requires to be enlightened by more
aceurate or better directed experiments, or
because they depend on & too extensive ac-
&ion between the different properties, it re-
xunes them whenever any light is perceived
by which it ean be directed. *
. This theory hecessarily rests on well estab-
Iabed truths, sad on ¢onjectures whvse foun-
‘dations wre more or less sure; and, by the
application of the principles to which it is
disucted, it givey explanations of the various
Phamsmens more or'dess complete, and' mioré
od lews ‘certuint: if is brooght to perfection
and extended By the progresg of oBservation,
sud by its mtercourse with othersciences. '
i As soon as the general properties, to whiclt
all-¢he effects of chemical action tend, aré€

ducavuell, thosé' conditiony of the-affinity
ook which
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which appeared to accord with all the explana-
tions were established as constant and decided
laws; and from these laws all the explana-
tions were reciprocally deduced; and it is in
the knowledge thus acquired by the science,
that its_progress was principally made "to
consist.

Persuaded that the principles adopted in
Chenmistry, and the immediate inferences de-
rived from them, with a view to their being
made use of as secondary principles, ought
not yet to be admitted as fundamecatal max-
ims, 1 have undertaken a new exainination
of them, and I have already published, in
my Researches into the Laws of Affinity, the
observations which have led me to believe
that a correct idea of the effects produced by
it has not yet been formed.

The intention of this Essay is to extend my
first reflections tq all the causes which ean
produce a variation in the results of chemical
action, or of the product of the affinity and
the quantity. I shall therefore exawine what
is the mutual dependence of the chemical
propertics of bodies, compared, at first, with
each other, and afterwards considered in the

VOL. I. b different
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different substances? what are the forces
which arise from their action in the effects
produced by them? and, what are the pro-
perties of the forces which contribute to these
effects, or which are in opposition to them ?

The Essay is divided into two parts: in the
first, I consider all the elements of chemical
action; and, in the second, the substances
which éxercise it, and which contribute the
most to chemical phenomena, classing them
according to their habitndes, or the relations
existing Letween their affinities.

The first effect of affinity, to which I call
(t/haattention, is that produced by the cohe-
rence of the particles which enter into the com-
position of abody; it is the effect of the reci-
procal affinity of these particles, which I dis-
tinguish by the name of the force of colesion,
and which becomes a force opposed to all
those tending to cause them to enter into
another combination, while it, on the con-
trary, tends to re-unitc them.

Every affinity which tends by its action to
diminish the effect of cohesion ought to be
regarded as a force opposed to it, and of
which the result is solution. When, there-

fore,
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fore, a liquid acts on a solid, the force of
solution can produce the liquefaction of the
solid, if it is superior to that of cohesion ; but
this effect sometimes takes place immedi-
ately, and sometimes it requires that the co-
hesion should be first weakened by a com-
mencement of combination; there are cir-
cumstances in which the liquid can only act
on the surface of the solid and wet it; finally,
the solid cannot even be wetted when its af-
finity with the liquid does not produce an
effect grealer than that of the mutual affinity
of the parts of this latter. These two forces,
thercfore, according to their relations, produce
different results, which must be distinguished,
but which are not to be attributed, in con-
formity to the opinion of some philosophers,
¢to two aflinities, one of which they have con-
sidered as chemical, and the other as derived
from the laws of physics.

The effects of the force of cohesion could
not escape the attention of Chemists; but
they have only considered it as a quality of
bodies actually solid, so that when the soli-

dity ceased they thought it was destroyed :
on the contrary, its effects may cease to be
b2 scnsible
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sensible without ceasing to act, which is also
the casc with all the physical powers com-
prehended in it: this’is one of the principal
causey of the difierence to be found between
the explanations I ofler and those which have
been adopted, and into whieh this considera-
tion has not been admitted.

'T'he reciprocal action which tends to unite
the parts of a substance may be overcome by
a dissolving power, and its energy diminishes
in proportion as the quantity of the solvent
lncrcasces, OF as its action is assisted by heat ;
on the contrary it augments if the preceding
circulnstances are weakened, and finally re-
produces the effects which are due to its pre-
ponderance: from this proceed all the sepa-
rations and precipitations which take place in
a liquid, and which arisc from the formation
of a solid.

Crystallization is one of the remarkable ef-
fects of the force of cohesion; the parts which
crystallize assume a syminetrical arrangement
which is determined by the mutual action of
the siull solids separited by their force of

cobesion from a hguid : and the qualities of

a solid which is more casily broken in one way
than
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than in another; which 1s more or less brit-
tle, more or less clastic, moge or less ductile,
depend on this arrangement.

The different degrees of solubility of salts
which arise from the relation of their force of
eohesion to the action of the dissolviug liquid,
is not only the cause of their crystallization,
but also of their successive separation by eva-
poration ; it is not only opposed to the effect
of the solvent, but also to their mutual action ;
because while the different salts are in solution,
they form but ounc liquid, in which each pe-
culiar action is counterbalanced until the
foree of cohesion of those which are least so-
Juble has acquired sufficicnt energy to cause
them to pass into the solid state.

&ince the immediate eftect of every che-
mical action is a combination, dissolution it-
self is only a combination cousidered with re-
spect to the force of cohesion; because in
every combination it will be observed that the
action of any substance is always in propor-
tion to the quantity contained within the
sphere of 1its activity: an immediate conse-
quence of this luw is that the action of a sub-

stance
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stance diminishes in proportion ta the satu-
ration it experiences. .

Among the affinities of a substance, there
is frequently one which is predominant, and
which gives the character to its distinctive
properties : these are the energetic affinities
which are useful in the classification of bodies
in a system of chemistry, and which give
birth to the greatest part of the chemical
phenomena.

All the praperties derived from this governs
ing aflinity become latent and re-appear with
@;\ combination communicates ncw ones
which have no longer any relation with those
that the saturatian has caused to disappear,
but are the consequence of the changes pro-
duced by the condensation or by the dilata-
tion of the elements of the combination ; for
the reciprocal action of the moleculx of a
combination is proportionate to the conden-
sation or dilatation which brings them toge-
ther or removes themn from each other; thus,
salts, in a state of combination, possessa pe-
culiar solubility and crystallization.

Whenever those substances, in which a pre-

dominating
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dominating affinity exists, undergo a combi-
pation foreign to the action of this affinity,

“they carry with them all the properties de-

peadent oniit, which are only modified by the
constitution they have acquired and by the
degree of saturation they have experienced ;
thus an alloy retains the metallic properties,
and those which arise from the reciprocal ac-
tion of the molecule, whether they are simple
or compound, such as the force of cohesion,
fusibility, as well as specific gravity, undergo
a change which is only produced by that of
the mutual distances of the molecule in that
constitution which they have acquired by the
combination.

A predominant and energetic affinity in one
body, supposes an analogous disposition in
some other substance, whose characteristic
properties ought, from thence, to be consider-
ed as opposed to those of the first, sincc they
cause them to disappear by saturation.

The acids and alkalis offer the most striking
examples of these adverse propertics which

are the principal source of chemical pheno-
mena ; their reciprocal action, therefore, is
deserving of the most particular attention,

In
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In the fust place 1 consider this co-relative
property of the mutual saturation of acids and
alkalis, as a general attnibute, independent of
the particular affections of each of them, and
of the properties arising from the elements of
which théy are composed.

As this reciprocal saturation of the acids
and alkalis is an iinmediate effect of their re-
ciprocal affimty, it ought to bhe regarded as
the measure of their aflinity, if the respective
quantities which are necessary to produce
this effect are taken into considevation.  Irom
whence it follows that the affipitics of the
acids for the alkalis, or of the alkalis for the
acids, are proportionate to their capacity for
saturation. In cansequence I maintain that
whenever several acids act upon one alkaline
base, the action of one of the acids does not
overpower that of the others, so as to form an
insulated combination, but each of the acids
has a share in the action proportionate to its
capacity for saturation and to its quantity : I
call this compound result by the denomina-
tion of a chemical mass: hence 1 aftirm that
each of the acids which is found in combina-
tion with an alkaline Lase acts in the ratio of

s
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its mnass ; and to ascertain the masses I com-
pare the capacities for saturation, either of all
the acids with a base, or of all the bases with
an acid.

To cxplain the combinations which are
formed by the operation of two acids on one
base, and of those produced by the action of
two acids and two Lases, an clective attrac-
tion has been supposcd, which, by its gradu-
ation, substitutes onc substance for another in
a combination, and which, in the reciprocal
action of four substances, determines two
combinations insulated from each other.

This supposition does not coincide with the
g.cneral law of combinations; but the con-
sideration of the two distinct eftects of affinity,
in w0 far as it produces combinations, and is
she principle of the force of cohesion, appears
%o mo sufficient for the explanation of all the
facts which are attributed to elective affinity
and the action of the double affinities.

‘That general law to which chemical action
issubjected, that substances actin the ratio of
the encrgy of their aflinity and their quantity,
i pot moditied by tle effects avising trom the

force
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force of cohesion alone, but also by the ex-
pansive power of caloric, or the cause of heat,
which is the principle of expansibility.

Since the action of every body is influenced
by caloric, which consequently contributes to
every chemical phenomenon, it is of import-
ance to ascertain its general properties with
precision, and the effects it produces under
different conditions. On this subject, I shall
enter into clementary details which may ap-
pear foreign to the end I have proposed.

The tendency of every substance to the
solid, liquid, or elastic state, depends on the
relation of the reciprocal action, by which the
moleculx of a simple or compound body are
disposed to unite, with the expansive action
which caloric exercises upon them : the effect
of caloric may, accordingto the circumstances,
contribute to the combination of that sub-
stance with others, or it may be an obstacle to
it. When caloric produces a state of elasti-
¢ity, the gas arising from it must be considered
as owing to the combination 1t forms, and tho
elasticity as an opposing power, either ta soli-
dity or to liquid combinations ; but the obser-

vation
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vation I have made on solidity must also be
applied to clasticity, its action precedes the
jnstant in which it becomes effective.

The power of caloric which tends to increase
the distance of the molecule would be always
opposed to the combination of substances with
each other, if it did not frequently produce an
effect superior to the first, by diminishing the
solidity, which is another obstacle to combi-
pation ; or by augmenting the elasticity which
promotes the action of the gases: it therefore
favours the combination of some substances
and obstructs that of others according to their
habitudes, These effects must not be con-
founded with those of the reciprocal affinity
of bodies.

In comparison with other bodies, the elas-
tic fluids are under great disadvantage in the
action which they excrt upon them, because
the quantity of their mass within the spherc of
activity is necessarily very small.

In the reciprocal action of the gases, the
results are very different according to the
intensity of the affinity ; when that is weak,
it is limited to a solution, in which the re-

spective
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spective capacitics and propertics are not
changed ; it'it is powcrful, these capacities
experience a great diminution, and combina-
tions are formed having new propertics ; but
the propertics which distinguish the perma-
nent gases from vapours, which only assumo
the gazeous state under certain circumstances,
must not be overlooked.

All these effects are varied by the changes
of capacity produced by the alteration of tem-
perature, which are much more considerable
than in liquids and solids. It is therefore of
importance to determine carefully what are
the laws to which the dilatation of clastic
fluids is subject, and in this point of view, to
compare those which are permanent with
those which only assume that state by the ac-
tion of the first, or by an clevation of tempe-
rature. :

Those substances which are naturally elastic
may be brought to the liquid or solid state by
combination ; they then acquire new proper-
ties by their condensation, 1t is nccessary to
distinguish the chemical action which they

can excrcise in this state, and the energy they
have
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have acquired and can communicate to their
combination, regarding the affinity of this
latter, as a power resulting from the elemen«
tary affinities which succeed it when the com-
bination is at an end, or which give rise to
other resulting affinities, when the state of the
combination is changed.

All the phenomena of nature take place in
the atmosphere, which frequently contributes
to produce them by its conrpression, its tem-
perature, or the combination of thie parts which
compose it ; an exact knowledge of the qualis
ties of the atmosphere under these three rela-
tions, is therefore necessary.

The result of the different causes, which
interpose during chemical action, is sometimes
s>combination whose proportions are con-
stant; sometimes, on the contrary, the pro-
pertions of the combinations which are form-
©d, are not fixed, and vary according to the
circumstances under which they are produced :
in the first case, it requires an accumulation
of powers to change the proportions equal to
those which tend to maintain their state of
combination ; this obstacle overcome, chemi-

cal



xxx INTRODUCTION.

cal action continues to produce its effects in
the ratio of the energy of the affinities and
the quantity of the bodies which exercise it.
1 have endcavoured to ascertain the condi-
tions which thus limit the proportions, in some
combinations, and which appear to place an
obstacle to the progress of chemical action.

There is still a condition in chemical ac-
tion which mmust be taken into consideration
and which affords an explanation of many of
its effects ; it is the interval of time which is
necessary for its being performed, and which
is very variable according to the substances,
and according to the circumstances. I ex-
amine under this head the propagation of che-
mical action.

Having thus gonc through all the known
elements of chemical action, I proceed to the
second part which is appropriated to the con-
sideration of the nature of those substanccs
which are most remarkable for their chemical
properties, and are classed by their distinctive
character or by the predominating affinity.
I endeavour to find in their properties the ori-
gin of those of the combinations which they

form,

INTRODUCTION. XXXi

fgrm, according to the state in which they are
found, and thé explanation F)f the phenomena
¢o which they contribute.

In this manner I examine the properties of
taflammable substances; those of their mu-
tual combinations ; those of compound acids
and of the different combinations derived
from them, according to the proportions of
theirelements ; those of che alkalis, the earths,
and, finally, metallic substances.

Vegetable substances and animal substan-
ces are very .complex, not so much by the
npumber of the elements which enter into
their composition, as by the substances which
arise from them, and which all act by a result-
ing force ; they are so unsettled and so vari-
able that it is very difficult to obtain an exact
knowledge of the causes of the phenomena
arising from them; the greatest circumspec-
tion is necessary in considering them : I shall
confine myself to indicating what appears to
me to be best ascertained, or what may be
most reasonably conjectured respecting the
phenomena of this description, which chemis-
try has been able to attain.

Great
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Great incquality will be found in the diss
cussions into which 1 enter: I pass rapidly
over soine subjects of importance, but which
offer no incertitude to chemists, and 1 dwell
with much minuteness on others which appear
to me to require new elucidations.
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ESSAY

OX THE

SPIRIT AND INFLUENCE

oF

THE REFORMATION BY LUTHER,

PART I

GEYERAL CONSIDER&TIONS,
gl
SECT. L

On the State of the Question.

IF, during any of the centuries which pre-
ceded the fixteenth, and while no oppofition bad
been mifed againft the fupremacy of the Romah
pontiffs, a learned afembly had becu defirous of
calculating the refults of a {chdm, of 2 contrary
opinion to that of Rome, the queftion would
goubtlefs have been framed thus: * what are
the evils and the fcandal, wi¢h which the church
‘has been afliGed, on:apesunt of fuch an impious
und pernicious dofirine ?” At thistimse, when
fevera] refpe@able nations have feparated from
the Romith church ; when thé intimate com-
eQion by which ulf Eusope is uaited bmis com-
3
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vinced christians of that per{uafion, that others
are as virtuous, as well regulyed, as enlightened
as themselves, the ueltidivuit neceffurily af-
fume another form. An_Affembly of philofo-

phers, in the bofom of France{_refiored to the

catholip ywordhipr-prepolep 49, atpertminy the in-

fluence of Luther's reformation on the flate of
Europeau fociety, on the progrefs of knowledge.
W in.lgngpage.inq:licg‘:* great gue in
wpinion’; ‘and, in this point of vitw, the 'qu'éﬂion
may be faid to anfwer itfelf.

As the laftitute have not added any explana-
tory outline to the queflion, the following con-
fiderations, the intention of which is to deter-
mine the ohje@ and the latitude of the anfwer,
will not appear mifpjaceds

By a fuperficial obferver, it may be thought
that a religious revolution should anly exercite
isgnfluadee o1i matters caneected with religion;;
patho weeship and the discipline of thechuich::
At g before Luther's reformation, the church

sunl the fate-were o aimilated in every political
bodyin: Edeope; their rights and their confitur
Blons were: fa,plended, that- one of them could
nothdeohivuilfad without theother experiencing
dbashoek, | The church, which had univerlally
Aostood . flate withia~a,.flate; had carried iis
wkespasions over the latter fo fur, that it
thueatened to fwallow it up. All Furope was
for a length of time in danger of yiclling to the

-gominion of an abfolute theoctacy. ‘The cm

perors of the new empire of the 'weft, who faved
it from that deftiny, afterwardseeasced it with
the proje@t of an-univerfal: monarchy. The
Kings of France, England, Sweden, and Den-
mark, the princes and free cities of Germany
and Italy offered only a partial and alternate
oppofition to the pretenfions of either of the
competitors.—A new impulfe ; & new and pow
erful tie, which united the opprefled againft
both the oppreffors at the fame time ; an event
which awakened every pafiion ; the love of
liberty; a religious and political fanaticifm,
which augmented the power of princes in a ten-
fold degree, by exalting the people, which, in
fhort, offered to the leaders, both independence
and the rich prey of the fpoils of the clergy ;
fuchan event, 1 fay, muft, in fuch a period, have
produced -an univerfal agitation in Europe.
‘T'he fyftems of the modern flates were fhook by
it to their foundations. During the long and
grievous firuggle which followed, every thing
acquired a ditferent form, and a different efta-
blithment. A new political -order arofe from
the ferment and general confufion: the different
clements of which it was compofed, long agi-
tated by contending forces, yiclding, at length,
to the laws of gravitation of the moral world,
took the places in it affigned to them by their
sefpettive weights, but which, in moft inftances,
were not thofe they had formerly occupied. A
uew feries of ideas alfo arofe from this coufli&t of
B2
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opinions : men dared to think, to reafon, to ex=
wwuwne thole thisgs which, before, réquired anly
a blind {ubmidion. Thus a funple attack on
ecclelsflacal didcipline produced a confidesable
changs ip the political fituation of the ftates of
Lurape, apd in the morals of its inhabitants.
The Luftisute was therefore infpired with the
truc {pint of lwfbory i encouraging the folution
of the problem_ which it has {o ably psapofed.
It is Bamousable o a writer te be called upon to
treat of religion and politics, the twa casedinal
potuts of human like, before fuch an.affembly.
Qne of the Geft fruits of true liberty s the power
of difoulling shefe - importaut objefts . washout
reliraing, amd the country where this privilkge
is exescifed snuit incontrovestibly be free.

.In inquinng ‘what Aes éccn the inflsence of
the reformation. of Lather, the Inditute thows
cleasly that it does not confider this influence
is exifting, at this time, in an a&ive manner.
Jo. A8, mnesr thuee' ceaturics have _elapled
fince the firlt explofion. The agitation occas
Semed by. it .became gmdually calmed; the

- which. eriginally gave the impulie,
aml. which produced fo many new eveuts,
bas ccafed to it as & moving force, as & pro+
dudtive prisciple. The greater part of the
inftutions which it created, and of thofe which
it modified, have been preferved ; fome.are cx-
tin& : but thofe which remain are wow guided
by the wpiverfal courle of events, and the rew

5

formation is no longer the immediate caufe
which diveéts their progrefs. It has nearly ac-
complifbed every thing of which it is capable;
its influence is now perceived only’ mediately,
without comvulfions, and by the courfe of the
inftitutions originating from it. The time ‘is:
therefors arrived when the advantages or difs:
advantages which have refulted to the human
raco from it, may be inquired into, enumerated,
and difcuflfed. It will doubtlefs be cenformahle
to the views of the Iuftitute to confine myfelf to
an exa& fpeecification of all the proximate con-
fequences of the reformation, and to be fatished
with a flight notice of the remote ones. To
enguge in the details of thefe laff, it would be
neceffury to draw the immenfe piQure of the
hitiory of Europe fubfequent to that period,
fince there is {carcely any great event, in which
fome refuit of the reformation, fuch. as the pre.
fent comflitution of the Germanic bady, for
example,.or the republic of the United Pro-
vinees, has not, in its turn, exercifed a greater
or lafe degree of influence.  We fiyould mever
get froed from thie labyrinth of mediare confe~
quences; fos, in this poiat of view, the inSuence.
of every political or religious commotion ex-
tends to infinity. ‘Yo this day, we are more or
le(s affe@ed by what pafled in India, Arabia,
(rreece, and ltaly, in very remate times; we
full live very perceptibly under the influence of
the irruption of the uorthern tribes, of the
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crufades, and of other political movements
which have become the principles of a@ion to
the. people. . The line of deviation, often
crooked, fometimes retrogade, in the improve-
ment of nations, is produced by the compli-
cated a&ion of many different forces = to
mark its efcapes, its aberrations, by putting 2
juft value oa the powers which have contributed
to it, is the province of the philofophy of hi.f-
tory. The suthor of the prefent effay will
ofteem himfelf fortunate, if his judges are of
opinion that he has.performed this wafk, with
refpe& to that period of modern hiftory in which
the reformation was the predominant power.
Neverthelefs it is not poflible to engage nan
inquiry into the effeils of the, r.eformau(_m,
without being, in fome degree, obliged to give
way to this refle&tion : Is not the great event
which I confider as a caufe, in itfelf fo much a
fimple refult of other caufes, which have pre.
ceded it, that the true origin of all that has fql-
Jowed it muft be referred to them, and not to it,
which has aply been an intermedium ?"——.Wnt}.n-
out doubt fugh is the fituation of the mind in
thefe refearches, While it looks forward, its
point of departure fecms to be the fixed bafe
from whence all the fucceffive fteps pfoceed.
If its looks are turned back, the firft point ap-
pears to it only- the neceflary confequence -of
thofe which have preceded it, and as a paffage
10 arrive at thofe which follow. - To the mental
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eye, every caufe, in afcknding, becomés 2 Bmple
effect: each effeét bbcomes; in-fts tarw; ¥ dauifel
in defcending. ‘The inclindtion’ which We Féet
to attribute every thing whith )f(ﬂlbﬁ‘.ilfﬁé'l(i
to the event itfelf, as though it was the Caufe of
it, is the clew which guides us-in thé arfanges
ment of hiftorical fadts: it is the law’ of - cohes
fion by which the prefent is united to the paft.
To proceed in-this manner from the éffe& to the
caufe, until we reach a firft caufe, fubfifting by
itfelf, aud which cannot be the effe&t of any other
caufe, is a neceflary confequence of our know-
ledge, which feeks an abfolute priuciple to baild
its fpeculations on—It is on this flippery path
that metaphyfics is loft — A man who, without
knowing the nature of the courfe of a river,
fhould arrive on its banks, feeing it here glid-
ing through an extenfive plain, there confined
within narrow vallies, in another place foam-
ing beneath the precipice of 'a catara@; thie
man would take the firft turning where it might
be concealed by a projeion, for the origin of
the river; afcending higher, a new turn, the

catara®, will occafion the fame illnfion; at

length, he reaches its fource, he takes the

mountain from which it iffues for the firft caufe

of the river : but-he will foon think that the

fides of the mountain would be exhaufted by fo

continual a torrent ; he will fee clouds ccllefled,

the rains, without which the dried mountain

could not fupply a fpring. Then the clouds
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became the firlt caufe; byt it was the winds
which brougbt thefe bere, by pafling over yaf
feas; byt ik, was the fun who attraled the
clayda m ‘the fea; but whence arifes this
PO ql.h‘u? Behold ‘him then foon. epe
tangled in the refeasches of fpeculative phyfics,
by fecking » caufs, an abfolute foundation, figm
which hamay, Gually dedyce the explaoption
- of fa. manx phevomena,

haw,.4ha Wtorian who inquircs what wag
Abe caufs which led te the reduion of the
autherity of the Popes, to the terrible: thisty
yopse' wasy to the bumikiation of the houfe of
AuGria, the efablifment of a powerful oppofi-
ian ip the beast of the empire, the foundation
"of Holland o4 & free fiate, and fo of other oc-
currencas, will, at firt, fee the origio of all thels
syonts in the reformatiop, and will attribute
tham sbfolutely to its influence. But urging his
inquiren farther, ha difcovers that this reforma~
ag itlelf is evidently only a ncceflary refult of
other cisgumflaages, which precede it, an event
of the Gxteanth century, with which the 6f-
teenth, t9 ufe. the exprefion of Leibnitz, was
piegnant ; at- moft, the cataralt of the river,
How mapy asq there who are flill of opinion
they have fownd the firft cauls of the French
zevolution i the dc_ﬁcu, in the ¢onvocation of
tha figtes-general, in the tiergetar, iy the
curates! Owbers, who carry their views 3 ligle

Sapthet, satribute it to the pasliyment Adguper
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the extinélion of the Jefuits, &o.—They ssre all
right io that limited point of view which they
have taken. Thafe, howeres, who cantemplats
the progrefaof human nature dusiag & fucsefiien
of eges, fec this enormous mafs of' individusl
cafes roll on, esch of which, apimated byuin
jutereft, its pafioms, and its peculias fpinit; fotime
defirous to counteradd the progsels.of all.the
others ; but notwithitanding their imfinite di.
verfity, all thefe motiveshave common featuves.
teuding towards certain ends, which, finslly, ass
the fame ; thefe features, thefe tendencies coms
mon to all, form a colle®ion of powers, ov.sathey
a fingle power, which is that ef the human race,
that of a univerfal fpirit, which, concealed
through ages, guidesand governs them. Under
the dominion of providence (that fun of the
moral world, to ufe again the expreffion of a
philofopher), this fpirit of humanity, by its
continual ation, prepares and difpofes eveuts.
This great revolution which furprizes us, is only
a produdt, a refult, a firiking manifeftation. Is
it therefore to it, is it not rather to the influence
of the caufes which have themfelves preceded
and led to it, that the events which have fole
Jowed it thould be attitbuted ?

In the cafe in queftion, therefore, it is requifite
tor the hiftorian to attend to what had pafled
before the gieat event which he examines: to
afceitain the itluence of the caufes by which

" the event itfelf was brought about, and, in what
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be made to control for deviations in intellectual ability
through the use of the WISC. Thus three sets of scores
were generated: 1intelligence guotients, pretest and post
test reading scores.

It would have seemed appropriate, in this case, to
have used two co-variates, intelligence quotients and pretest
reading scores, with post test scores in reading providing
the criterion measure; however, minimal linear correlation
must exist between co-variates in order to ensure against
the possibility of an interaction effect of one co-variate
with the other. To be more specific, in this investigation‘
i{ would seem probable that intelligence, as reflected in
the quotients, is also implicit in the pretest reading score,
thus producing an interaction effect,

When such interaction occurs, a disproportionate
ad justment is made on the criterion measure. The adjust-
ment is, in Tfact, compounded by the interaction effect of
the two co-variates. Furthér to the notion of a cempounded
ad justment is the fact that, although the sum of the squares
of the error term is reduced proporiionately, the loss of
an additional degree of freedom inflates the mean square
error; thus, the probability of detecting true differences
when true differences actually exist is greatly decreased.

It is recommended, therefore, that three asrects of

the differential effects of the co~-variate be subiected +o
L%
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degree thefe fame caufes have igfluenced the
feries of fubfequent events. It is alfo requifite
for him to confider what would have happened
through the flow and progreffive courfe of ‘hu-
manity, which is fometimes called the.natunal
courfe of things, if the great event, %f the con-
vulfion in queftion, had not fupervened. Finally,
be muft determine what particular modifications
in its refults have been occafioned by the proper
and individual chara@er of this event ; the cha-
rafter of the age and of the nation in which it
occurred, and that of the men. who had the
principal fhare in it.
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tions forward in t of knowledge and of

CONCLUSION,.

Such are the principal refults which, I am of
opinion, originated in the influence exercifed on
Eurcpe by Lutber's reformation. In analyzing
the complicated {caufes of the moft confiderable
events which have occurred during three centuries
in the political world, and in the literary world,
it is eafy to go aftray, to miftake fome caufes, to
lofe fight of fome effets. Amidft the confufion
of all thefe entangled threads of European po.
litics and culture, he who feeks to unravel thofe
immediately conneced with the quarrcls on re.
ligion, however careful he may be, will too often
be in danger of erring. Some of them iffue from
the cftablithment itfelf, from the preaching of
the Alcoran, from chivalry, the crufades, the ufe
of artillery, the difcovery: of 8 acw world, the
Fenovation of letters, the inftitutions of Perer 2.
the fucceflion Wwar, and the other major evests,
Were it required :to. determine the influence of
fomne ‘osic of thefe events, perhaps fuch .of the
confequences as J bave attributed to the zeformaa
tion might be claimed as belonging to it., ., Hifto
signa . who ! nerrate “facts, are generally - fileng,on
their canfes, and ‘frequently alfo are vnscquaingd
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witk them, - Sometimes they give thofe which
arc falfe and contradiCtory. ‘The writers of the
oppofing partics are exclufive, and repder the
truth uncertain.  To whom muft credit be giv-
en ; the Catholics, or the Proteftants : to Duperron
or Dumsnlin; to Plating or Mormay? How fhall
we decide between Varillas and Maimbourg, on
the one fide, Slesdan, Bayle, and Seckendorf, on the
other ;- between Pallavicini and Fra-Pasle s be-
tween Bofsst and Qleude? In the work of the
sreformagtion, the:one fees only an infinipe fource
of ‘ertois and calamities; the others fee in it only
knowicdge-and bencfies to the human race.
Among fo 'many different opinions, each muft
have his own. We are at prefent better fitu-
ated thag over to judge of a revolution which
broke out three hundrod years ago: let us con-
fider what wug before it, and what has happened
fince ; lcgus hear all parties, look around us, fee
what exifts at the prefeit day, and judge.

When afker the long. fleep of the Europesn
aations and of their miifon, during the middle
m wm- our sttention to the fate of the

faoe it this Kae part of the world, in the
Afeeth;} uisd at the beginning of the fixteenth cen-
torieh; wd thall fec it rocover from its ftupefaition,
sife, anéve unfeeadily in all diretions; feize in.
firuments for its aRivity, forge new ones,. try
them, ' develop its powens, take poffeffion of the
fidld of fclence, throw from it the fwaddling-
clothes which embarrafs it, and begin a new cpo-

5
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cha. How is this inserval crowded with decifive
occurrences and inventions!  The happy empiloy~
ment of the mariner's compafs, the telelcope,
printing, the taking of Conftantinople, the new
world, the fubmiffion of the great vaifals to the
crown of France, the golden age of poetry and the
arts in Jtaly, the foundation of numerous fchools,
the books of the ancients revived in it, the cfta.
blithment of pofts, which render all communica.
tions rapid, the falutary peace of the ampire and
the impenial chamber, the éxcravagant increafe of
the Auftrian power which terrifics Europe, and
compels - it to arm, Copernicus who reforms the
heavens, Luther and Leysls who aroft nearly at
the fame time!  The crifis muft neceffarily have
a term, the ftate of things muft change in the
order of civil focietics, and in that of human
knowledge.

« Better is an enemy to well,” fays & proverd
of modern Italy. This ridiculous adsge, which
ought never to havequitted the language in which
it appeared, is the unfophifticated expreflion of
an ultramontane charaéter.  Happily it is not in
the power of a defpifed caft, nor of a maxim againtt
mature, thus to fetter the deftinies of {cience and
civilization. Men pafs them, and give no credit
to fuch reclamations, the reclamations, fays Ché~
nier,* of thofc idle and jealous [pirits, whefe reafon,

® In bis Discours sur le progrés des connvissances, dn. IX.
Printed by Didot,



296

witbout fimulus, would paralyze the buman mind,

None of the inftitutions of the middle age. ”:Z‘:;

calculated far the new humanity. As lances and

thicldshad been laid afide for fire arms, fomuft
she fchelaftic philofophy be removed by the new
orow of seades ;. the inextricablé circles of Prolemy
by the Gonpleides of the motion of the earth:

the falle decretals muft fall at the fuft
lqolu of coticifm, The external form of reli-
gion no. longer corrcfponded with the new
cultuse,. any morc than the .reprefentation of
nﬂw corrc{panded. with the fcene on which
Moliere asd Corneille were 3bowt 10 appear; any
soordiiban Gashic arcbite@ure with the bafilick
of $t. Poter. It was requilite that cvery thing
w change : the new fpirit could not fubfift
in the ancient farms; a harmony, an agree-
ment muft be eftablifhed between it and things;
lpd fince it had in itfelf the energy of a new
h'(c. t!wxgmnipoccncc of youth, it a&ted in all
dineGiona with fteength and afficacy, and was every
wharz fecended by enthu fiafin.

vl chgnkue sider this poing of vicw that the
reformaasion muft be canfidered as a neceflary
pmdu&of a pew age, as a manifeftation of 8 new
fpiric, . What Dautp and Petrarch were to poetry,
Michas) Angelo and Rapbael 1o the arts of diaw-
ing, Bacew and Dejearies 1o philofophy, Copeynicus
and Gallileo to aftronomy, Columpus and Gama to
the fcience of the carth, fuch was Lusber to veli-
gion. Organs df the univerfal mind, thefe emi-
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nent men expreffed correflly what was lurking in
a great number of their cotemporaries, and, at
one ftroke, fatisfied the wants of their time. As
foon as the fpark flathed from their genius, the
flame, ready to appear, fpread in all direttions.
What was only a prefcience, a vaguc idea, ‘infu-
Jated in a numberiof heads, acquireda confiftence;
a fixed dire&ion, appeared externally, was com-
municated from individual to -individual, and 3
continued chain conne&ed all thinking minds.
Such is the natural mode of the tacit confpira-
tion which governs all reformations.  Thele
cffected in the dominion of the arts and of the
major part of the fciences, being foreign to the
paffions and to the volcanic commotioas of the
mafs of the people, are generally accompanied by
peace, and are accomplifhed without caufing the
tears of humanity to flow. It could not be thus
with that provoked by Lutber. Religion was
not then a fimple opinion, a fimple moral being 3
1t had an immenfe body, which opprefled all the
political bodies, which.laid claim to all thrones,
to all the poffeflions of the carth. At the firft
wound it felt, the coloffus thuddered, -and ‘the
world was fhaken. Princes and nations flew o
arms and engaged in a dreadful ftruggle, o firug-
gle of opinions and interefts, the refults of which
were fo varied and fo important. e
The Inftitute has demanded an account of
fuch of thefe refults as have influenced the
political Gyation of the ftates of Europe, and



298

the proatfs of knowledge. Fhis tafk was enor-
mnws, and far above my powers. Whar would
it have been if the Inftitute, befijes the poli-
tical and literary cenfequences, had required
an expofition of the influence of the reforma-
fion on the morality of the European nations,
on their belief and their religious difpofitions ?
But this new point of view might be the fub.
je& of a work, perhaps more extenfive and
mere difficult than mine. 1 was obliged to
confine myfelf within the prefcribed limits, which
circumfcribe a field of vaft extent. It has not
been my intention to difguife cither the evil or
the good produced by the reformation. I have
only fought to prove that, every thing being:
balanced, and the definitive account clofed, this
revolution offers a furplus of good to humanity ;
and, finally, that it muft be ranked in the num.
ber of the major events which have contributed
moft powerfully to the progrefs of civilization and
. knowledge, not only in Europe, but in every par-
of the earth where Europeans have carried their
culture.

1 have alfo thought that I might exprefs myfelf
with the open freedom of an hiftorian, who, if
pofiible, fhould not belong to any age or any
country : fupporting myfelf with an opinion
that prejudice could not find accefs into the
-fan€tuary of the fciences; and that an iliuftrious
fociety fophilofophical as to chufe fuch a fubject,
and to afk for the truth refpe@ing ir, would,
doubtlefs, be difpofed to liften to it.
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SUR L’ESPRIT ET L'INFLUENCE

DE LA

REFORMATION DE LUTHER.
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PREMIERE PARTIE.

~—

CONRSIDERATIONS GENERALES.

8. 1. Sur Pétat de la Question.

S: derant un des siécles qui ont précédé
.Je seizigme , alors qu'aucune barriére ne
#étdit ‘encore élevée contre la suprématie
des Pontifes romains, une assemblée sa-
vante efit voulu peser les résultats d’un
schisme, d’une opinion contraire a celle de
Rome, la question, sans doute, efit été
qoi:gn'e ainsi : « Quels sont les maux et les
scandales dont DPEglise a été affligée &
Waocasipa de telle doctrine impie et per?
Riciense ? » — Aujourd’hui que plusieurs
1



(a)
nations respectables se sont séparé de
I'Eglise romaine, que les relations intimes
qui unissent entr'eux tous les Luropéens,
ont habitué les chrétiens sectateurs de Rome
& voir duns les autres des gens aussi ver-
tueux, aussi policés, aussi éclairés qu'eux,
la question doit s’énoncer d'une autre ma-
niere. Une assemblée dc philosophes, au
milieu de la Francerendue au catholicisme,
propose : « de fixer I'influence de la réfor~
mation de Lurher sur I’état de la société
européenne, sur le progres des lumieres. »
Ce changement dans le langage en suppose
un grand dans les opinions; et sous ce point
de vue, on pourrait dire gue la question
se répond a elle-méme.

L’Institut n’ayantaccompagné cette ques-
tion d’aucun programme explicatif, les con-
sidérations suivantes, qui ont pour but de
détermitrer le sens et la latitude de la ré-
ponse, ne pourront paraitre déplacées.

. 41 semble, au premier aspect, qu'une
Myolation religi~use ne devrait exercer son
influence que sur ce qui touche la religion,
sur le culte et 1a discipline de ’Eglise; mais.
PEglise et 1'Etat, longtems avant la réfor-
mation de Luther, s’étaient tellement amal-

(5)
gamés dans teus les corps politiqaes de
FEurope, leurs droits et leurs conitutiotis
étaient tellement confondus, qu’on ne pous
vait ébranler I'une sans que {'autre n’éprons
vat la méme secousse. L'Eglise, qui avait
partout formé un état dans I'état, avait
poussé si lom ses nsurpations sur celui-ci,
qu'elle menagait de Pengloutir. L’Europe
enti¢re fut longtems en danger de passer
sous le joug d’une théocratie absolae. Les |
empereurs du nouvel empite d’Occident,
qui la sauvérent de cette destinée, ef-
frayerent ensuite du projet d’une monarchie
universelle. Les rois de France, d’Angle-
terre, de Suedeetde Danemarck, les princes
et cités libres de I’Allemagne et de Vltalie,
ne s'opposaient que partiellement et tour-
a-tour aux préteitions de I'an et-de V'antre
concurrent. — Une impulsion nouvelle, un
lien nouveau et puissant qui unissait en-
semble les opprimés contre les deux oppres=
seurs a-la-fois, un évenement qui réveillai¢
toutes les passions, 'amour de la liberté,
le fanatisme rel:gieux et politique, qui dé-
euplait les forces des princes en wialtane
les peuples, qui offrait enfin anx chefs,
avec l'indépendance, la riche proje def
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dépouilles du clergé; un tel événcment,
dis-je , dut alors produire dans PEurope
une agitation universelle. Le systéme des
états modernesen fut ébraulé jusques dans
.ges fondemens. Durant la longue et dou-
“loureuse lutie qui s'ensuivit, teut prit une
forme et une assiette différente. Un nouvel
ordre politique sortit de la fermentation et
de la confusion générale; lesdivers élémens
qui le composent, longtems agités en sens
gdjvaers, obéissant enfin a la loi de gravita-
tion du monde moral, y prirent la place
assignée par leurs poids respectifs, mais qui
o'était plus, pour la plupart, 'ancienne
place qu'ils avaient occupée. Un nouvel
ordre d'idées sortit aussi du choc des opi-
Dions; on osa penser, raisonner , examiner
ce quiauparavant ne comportait qu'une sou-
. Jission aveugle. Awnsi une simple atteinte
portée a la discipline ecclesiastique, amena
un changement consideiable dans la situa-
tion politique des états de V'Europe et dans
la cul ure moiale de ses habitans. I.’Institut
a donc eté amme du vrai génie de Phistoire,
en provoquant la solution du probléme qu'il
a si bien posé. 11 est glorieux pour tout écri-
vain d’avoir a traiter devant un semblable

(5)

tribunal de la religion et de la politique,
ces deux points cardinaux de la viehumaine.
Un des premiers apanages de la vraie li-
berté, est le pouvoir de s'expliquer sans
contrainte sur ces objets importans; et lo-
pays ou ce pouvoir s'exerce, est infaillible+
ment un pays libre. R4

L'Institut en demandant quelle a éré
Vinfluence de la réformation de Luther:,
indique assez qu'il considére cette influence
comme n'existant plus aujourd’hui d’ude
maniere active. En effer, pres de trois siecley
se sont écoulés depuis {a premiére explo--
sion. L’ébranlement qui- en résulta sest’
calmé par degrés; la force, qui originaire-’
ment donna Vimpulsion , et qui produisit
tant de chases nouvelles, a cessé d’agir
comme force vive, comme principe pro-
ductif. Les institutions qu'elle créa, celles
qu'elle modifia, sont restées la plupart;
quelques - unes se sont évanouies : mais
celles qui ont demeuré suivent de nos jours
Je cours universel des évenemens, et'la
réformation n'est plus la cause immédiate
qui dirige ce cours. Elle a fait a-peu-pres
tout ce qu'elle devait faire; son influence
.ne se manifeste plus que médiatement,’
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sans secousses, et par la marche des insti-
tutions qui ont pris d'elle leur naissance.
Le tems est donc venu qu’on peut la juger,
dénombrer et discuter les avantages ou les
désavantages qui en ant résulté pour la
genre bumain. C'est, il n’en faut pas dauter
se conformer aux vues de I'Institut, que dt;
so.borner a spécifier exactement toutes les
snites procbaings qu’a eu la ré¢formation,
et.¢e contenter d'une indication légere de
ses suites €loignées. Si on voulait s'engager
dans.le dévail de ces dernidras, il faudrait
refeire Vimymense tableau de I'kistoire des
é,u?'ts eunropéens depuis cette époque, puis-
qn\u.l. n'est presqu’aucun grand événement
ou guelque vésultat de la réfogmation, tel
que la constitution actwelle du corps ger-
manique, par exemple , ou la républigue
des Provinces-unigs, w'ait influé 3 son toar
Plus ew mains. Qn ., wortirait jamais de ce
labyrintbe des sujtes médiasas ; cas, .4 lo.
prendre insi, Finflwence de taute. cpmmor
u.qn'mliﬁique. ou religicuse se prqingo "y
Viagini. Nous nows rassentons encore anjour-
d’hwi plus oy mgins de ce qui s'est passé
daps Khvde , I'Arabie, 1a Grece, I'ltalio, en -
des teams fott vaculés; mous vivans seus Vin-

(7)

fluence encore trés-sensible de l'invasion
des peuples du Nord, des croisades, et
d’autres mouvemens politiques devenus des
principes d’action parmi les peuples. La
ligne déviatrice, souvent tortueuse, quel-
quefois rétrograde de la culture des nations,
procede de Paction compliquée de tant de
forces diverses : marquer ses échappemens,
ses déviations, en évaluant les forces qui y
ont concouru, est l'office de la philosophie
de Phistoire. L’auteur du présent écrit s'es-
timera heureux , si ses juges pensent qu'il a
rempli une tache pareille relativement a
cette période de l'histoire moderne ol la
réformation a été la force prédominante.
Cependant, on ne peut s’engager dans la
recherche des effets de la réformation, sans
¢tre en quelque fagon contraint de se livrer
a cette réflexion : « Le grand évéenement
que je considere comme une cause , n’est-il
pas lui-méme un simple résultat d’autres
évenemens qui 'ont précédé , tellement
qu'il faudrait que je rapportasse a ceux-la,
et non pas a lui qui n'a été qu'un inter-
médiaire , la vraie origine de tout ce qui a
suivi? » — Sans doute; tel est le sort-de
Yesprit dans ses recherches. Tant qu'il re-
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garde en avant, sop point de d¢part lui
semble étre la base fixe d’ou procedent tous
les pas suivans. Jette-t-il ses regards en
arriere , le premier point ne lui aparait
Plus que comme une suite nécessaire de
ceux qui l'ont précédé, et seulement comme
le passage pour arriver & ceux qui suivent.
Aux yeux de l'esprit, chaque cause en
remontant devient un simple effet; chaque
effet devient cause a son tour ep descendant.
Le penchant qui nous porte a attribuer tout
C€ qui suit un événement a cet évenement
Juiméme, comme s'il en était la cause, est
le fil conducteur qui nous aide a ranger
tous les faits historiques; c’est la loi de
cohésion par laquelle le present se rattache
@u passé. Remonter ainsi de l'effet a la
cause, jusqu'a une cause premicre subsis-
tante par elle-méme, et qui ne soit plus
Yeffet d’aucunc autre cause, est un besoin
de notre intelligence, qui cherche un prin-
"cipe absalu ou se fondent ses spéculatiof®
Cest sur cette voie glissante que se perd
la métaphysique. — Un homme qui igno-
rerait ce que c’est que le cours d'un fleuve,
et qui arriverat sur ses bords, le voyant ici
couler dans une vaste plaine, la pressé dans
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d’étrbites vallées, écumant ailleurs au saut
d’une cataracte ; cet homme prendrait pour
Yorigine du fleuve le premier détour ou il
serait caché par une gorge ; remontant plus
haut un nouveau détour, la cataracte lai
ferait la méme illusion; enfin, arrivé &
la sou‘rce, il prendrait la montagne dont
elle jaillit pour la cause premiere du fleuve:
mais bientot il pensera que les flancs de
cette montagne s'épuiseraient par un tor-
rent aussi continu; il verra les nuages
amoncelés, les pluies sans lesquelles le mont:
desséché ne fournirait aucune source, Voila
les nuages qui deviennent la cause pre-
micre ; mais ce sont les vents qui apporter!t
ceux ci en balayant les vastes mers; mais
c’est le soleil qui a tiré les nuagesde la mer.
Mais d’ou vient cette force dans le soleil ?
Le voila bientot entrainé dans les recher-
ches de la physique spéculative, par celle
d’une cause, d’'un fonds absolu, duquel il
puisse déduire en dernier ressort l'explica~

tion de tant de phénomenes. .
Ainsi, lhistorien qui recherche quelle
causea amené l'affaiblissement de ’autorité
des Papes, la terrible guerre de trente ans,
Yabaissementde la maison d’Autriche, |'éta-
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blissement d'une opposition puissante au
seinde 'Empire, la fondation de la Hollando
comme etat libre, et ainsi du reste, doit
voir d’abord l'urigine immédiate de tous
ces évenemens dans la réformation, et les
attribuer absolument a son influence. Mais
poussant ses recherches plus haut, il aper-
goit que cette réformation elle-méme n’est
évidemment qu'un résultat nécessair d’au-
tres circonstances qui l'ont précédée, un
éveuement du seizieme siecle, dont le quin-
siome était gros, pour me servir de V'expres-
sion de Leibnits : tout au plus la cataracte
du fleuve. Combien de gens s'obstinent en-
core a trouver la cause premiere de la révo-
Jution francaise dans le. déficis, dans la
convocation des états-généraux, dans le
tiers-état, dans les curés ! D'autres, qui
portent la vue un peu plus loin, la veulent
trouver dans le parlement Maupeou, dans
Yextinction des Jésuites, otc... . ls ont tous
raison sous un ocertain point-de-vue borné,
qui est le leur. Ceux dont la vue contemple
cepsadant la marche de Phumanité pendant
uae suite de siécles, voient se rouler cette
masse énorme d’individus, dont chacun,
animé par son intérét, ses passions et son
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esprit propre, semble vouloir contrarier la
marche de tous les autres; mais, malgré
leur infinie diversité, tous ces esprits ont
des traits communs, tendent vers de cer-
tains buts, qui sont finalement les mémes;
ces traits, ces penchans communs 3 tous,
forment une réunion de forces, au plutét
upe force unique, qui est celle du geare
humaia , celle d’un esprit universel , qui,
caché dans les siécles, les guide et les gau-
verne. Sous I’empire de la Providence (ce
soleil du monde moral , pour me servir
encore de l'expression d’un philosaphe ),
cet esprit de 'humanité, dans son action
continuelle, prépare et dispose les évene-
mens. Telle grande révolution qui nous
surprend, n'en est gu'un produit, un ré-
sultat, une manifestation éclatante. Est—ce
donc a elle, n'est-ce pas plutdt a 'inflaence
des causes qui V'ent elle-méme précédéa et
amenée, qu'on devra attribuer les évene-
mens gui Vont spivie ?

1l convient donc 3 Vhistorien, dana le
cas donné, d'avoir égard & ce gui ésait
avant le grand événement qu’il examine:
de déterminer par l'influence de quelles
causes cet évenement a été lui - méma
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-amené, et jusqu'a quel degré des mémes
causes ont influé sor la série des évenemens
pestérieunrs? il Iui convient encore de con-
sidérer ce qui serait arrivé par la marche
lente et progressive de I'humanité qu’on
nomme quelquefois le cours natarel des
choses, si le grand évenement, si 1'éclat
dont il est question, ne fut pas survenu?
Enfin il doit déterminer ce que le caractere
propre et individuel de cet évenement, le
caractere du siécle et de la nation ot il
a eu lieu, celui des hommes quiy ont pris
la principale part,a pu apporter de modi-
fications particulieres dans ses suites.

général.

Tout comme V'esprit remonte la chaine
des évenemens, asse de chaque effet a
sa cause, pour arrive{ enfin a mne cause
premiere qui lui serve rincipe, et ou
il consolide le premier anneande la chaine;
de méme il redescend de causes
avide de parvenir 4 un résultat de
a un effet absolu, qui se suffise parl
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CoONCECLUSTION.

Tels sont les principaux résultats que
j'ai cru dérivés de l'influence qu'a exercé
sur Europe la réfarmation de Luther. En
analysant les causes si compliquées de ce
qui s'est passé de plus considérable depuis
trois siecles, dans le monde politique et
dans le monde littéraire , on peut {acile-
ment s'égarer, prendre le change sur quel-
ques ceuses, perdre de vue quelques
effets. Au travers de la confusion de tous
ces fils embarrassés de la politique et de
ls culture européenne, lorsqu’on veut dé-
méler ceux qui vont se nouer immediate-
ment aux querelles de religion, quelque
sain qu’on y apporte, on risque trop sou-
vent de se méprendre. l.es uns se ratta-
chent a Pétablissement du christianisme
lvi-méme, a la prédication de lalcoran,
a la chevalerie, aux croisades, a Pusage
dae l'artillerie, a la decouverte du nouvean
monde, a la renaissance des lettres, aux
institutions de Pigrre 7, a la guerre de
la succession, et a d'autres évenemens
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majeurs. S'il était question de déterminer
Vinfluence de quelqu’un de ces évenemens,
peut-étre reclamerait-on comme lui appar-
tenant telle des suites que j'ai attribué
ala réformation. Les historiens, qui livrent
les faits, se taisent d’ordinaire sur les causes,
et souvent méme les ignorent. Quelquefois
ils en indiquent de fausses et de contradic-
taires. l.es écrivains des partis opposés
sont exclusifs, et rendent la vérité incer-
taine. A qui croire, des catholiques, ou
des protestans, de Duperron, ou de Du-
moulin , de Platina ou de Mornay ? Com-
ment se décider entre Farillgs et Maim-
bourg, d’un coté, Sleidan , Bayle et
Seckendorf de Yautre, entre Pallavicini
et Fra-Paolo, entve Bossuet et Claude?
Les uns ne voient dans 'euvre de la ré-
formation qu’une source infinie d’erreurs
et de calamités; les autres n’y voient que
lumieres et bienfaits pour le genre humain.
Au milieu de tant d'avis différens, il faut
avoir le sien. Nous sommes aujourd’hui
micux placés que jamais, pour juger une
révolution qui a éclaté, il y a trois cents
ans : considérons ce qui était avant, c®
qui a ¢té depuis; écoutons tous les partis,
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regardons autour de nous, voyons ce qui
est aujourd’hui, et jugeons.

Quand aprés le long sommeil des nations’
européennes et de leur raison , pendant le.
moyen age, nous arrétons nos regards sur
Yétat du genre humain dans cette bello
partie du monde au quinzieme siecle, et’
au commencement du seizieme, nous le
voyous sortir de son engourdissem:nt , se-
lever, marcher inquiet sur toutes les-direc-
tions, saisir des instrumens pour son acti-:
vité, en forger de nouveaux, les essayer ,
développer ses forces , s’emparer du champ
des sciences, rejeter loin de lui les langes
qui 'embarrassent, et commencer une nou-
velle époque. Combien les évinemens dé- .
cisifset lesinventions se pressent durantcet-
intervalle! L'heureux emploi de la boussole,
le télescope, Vimprimerie, la prisede Cons-
tantinople, le nouveau monde, la soumis-
sion des grands vassaux de la couronne
en France, 1’dge d’or de la poésie et des
arts en ltalie, la fondation de nombreuses
écoles, les livres des anciens qui y revivent,
I'établissement des postes qui rend toutes
les communications rapides, la fameuse
paix d’Empire et la chambre impériale,

( 365 )

Paccroissement exagéré de la puissance
autrichienne qui eflraie I'Europe et la
contraint a sarmer, Copernic qui réforme
le ciel, Luther et Loyola qui naissent
presqu’au méme tems! 1l fallait que la
crise edt un terme; que l'état des choses
changeit dans 'ordre des sociétés civiles,
et dans celui du savoir humain.

« Le mieux est ennemj du bien » ,dit un
proverbe de la mederne ltalie. Ce ridicule
adage qui n’elt jamais du sortir dela langue
ou il est né, est ’expression naive du carac-
tere ultramontain. Heureusement qu’il n’est
pas au pouvoir d'une caste blasée, ni d’'une
maxime contre nature, d’ecnclouer ainsi les
destinces de la science et de la civilisation.
Les hommes passent outre, et ne font nul
droit ade telles réclamations, aux réclama-
tions de ces « esprits paresseux et jaloux,
dit Cheénier (1), dont la raison sans mouve-
ment voudrait paralyser la pensée hu-
maine. » Aucune desinstitutions du moyen
age n'était plus appropriée a la nouvelle
humanité. Comme les lances et les écus

(1) Dans son Discours sur le progres des con-
naissances. Ao IX, 1wpr. chez Didor.
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avaient été mis de coté devant les armes a
feu, ainsila scholastique devait étre écartée
par les nouvelles armes de la raison: les
cercles inextricables de Prolémée, par la
simple idée du meuvement de la terre; et
les fausses décrétales tomber aux premiers
regards de la critique. La forme extérieurs
de lareligion ne convenaitplus i la nouvelle
culture, pas plas que la représentation des
mystéres ne convenait sur la seéne ou
allaient paraitre Corneille et Moliere ; pas
plus que Varchitecture gothique, pres de
la basilique de §. Pierre. 1l fallait que tout
changeat : le nouvel esprit ne pouvait sub-
sister dans les anciennes formes; une har-
monie , une convenance devait s'établir
entro Jui et les choses; et comine il avait en
lai I’énergie du réveil, Ja toute-puissance
de la jeunesse, il opéra sur toutes les direc-
tions avec force, avec efficace, et partout
secondé par l'enthousiasime.

C’est donc sous ce point-de-vue qu’on doit
envisager la réformation : comme un pro-
duit nécessaire du nouveau siecle,comme
une manifestation du nouvel esprit. Ce ue
le Danteet Pétrarque furent pour la poésie,
Michel-4nge et Raphael pour les arts du
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dessin, Bacon et Descartes pour la philo~
sophie, Copernic et Galilde pour Vastrono-
mie, Colomb et Gama pour la science de
la terre, Luther le fut pour la religion. Qr~
ganes de la pensée universelle , ces hommes
éininens cxprimerent avec vérité celle qui
couvait dansun grand nombre de leurs con-
temporains, et ls satisfirent d’'un coup au
besoin de leur siecle. Aussitot que de leur
génie se fut échappé, l'étincelle, la flamme
préte a paraitre pointa de toutes parts. Ce
quin’étaitqu’un pressentiment, qu'une idée
vague, isolé: dans une foule de tétes, prit
une consjstance, une direction fixe, parug
au dehors , se conmuniqua d’individus en
individus, etune chajne continue lia toutes
les tétes pensantes. Tel est le mode naturel
de cobjuration tacite qui préside a toutes
les réformations Celles quis'operentdans le
régne des arts et de la plupart des sciences,
étrangeres aux passions et aux commotions
volcaniques de la masse des peuples, sont
d’ordinaire accompagnées de la paix, et s¢
consomment sans qu'il en coute de pleurs§
Phumanité. Il n’en pouvait etre ainsi de
celle provoquée par Luther, La religion
n’éait pas alors une simple opinion, un
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sidaple étre moral. Elle avait un corps ims
mense, qui oppressait tous les corps poli-
tiques, qui prétendait a tous les ttdnes, &
tous les biens de la terre. A la premiere
blessare qu'il ressentit, le colosse tressaillit,
ot le monde fut ébranlé. Les princes et les
nations s’'armerent, et se livrérent a une
lute terrible, a une lute d’opinions et d'in-
téréts, dont les résultats furent si variés et
i importans.

L’Institut a demandé qu’on lui rendit
compte de ceux de ces résultats qui influe-
rent sur la situation politique des états de
PEurope, et sur le progrés des lumieres.
Cette tache était énorme, et bien au dessus
de-mes forces. Qu'eldt-ce éte si I'Institut,
outre les suites politiques et littéraires, eat
encore prescrit qu'on exposét Vinfluence de
la réformation sur la moralité des nations
européennes, sur leur croyance et leursdis-
positionsreligieuses? Maisce nouveau point-
de-vue serait 'objet d’un travail peut-étre
plas étendu et plus difficile que le mien.
J’ai dt me renfermer dans les bornes pres-
crites, qui déja circonscrivent unassez vaste
champ. I1 n'a pas été dans mes vues de dé-
guiser ni lc mal ni le bien produits par la

réformation.
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réformation. J'ai cherché seulement a prou=
ver que tout étant compensé, et le bilan
définitif étant arrété, les suites de cette
révolution offrent un excédent de bien pour
Phumanité; et qu'enfin elle doit étre rangée
au nombre des événemens majeurs qui ont
le plus puissamment contribué aux progrés
de la civilisation et des lumiéres, non-
seulement en Europe, mais dans toutes les
parties dela terre ou les Européensont porté
leur culture.

Jai cru d’ailleurs pouvoir m'expliquer
avec la franchise libre d’un historien, qui
doit, s’il est possible, n’appartenir a aucun
siecle, ni a aucun pays : m’affermissant par
cette pensée, que nul préjugé n’avait acces
dans le sanctuaire des sciences; et qu'une
société illustre assez philosophe pour choi-
sit un tel sujet, et provoquer a son égard
la vérité, était, sans nul doute, disposée a
Ventendre.

FIN.
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ABSTRACT

The turn of the nineteenth century was a transitional stage in
the terminology of chemistry. An extremely flexible nomenclature
system was developed in France by a team of four distinguished
members of the Academy of Sciences. The terminology of
operations and transformations, however, remained largely

untouched for some time to come.

One of the four scientists who drew up the nomenclature was
Claude-Louis Berthollet, a distinguished industrialist and public
figure. He was also a theoretical chemist, whose theories were

proven essentially correct only years after his death.

In 1803 Berthollet published the Essai de statigue chimigue, bhis
most important work. The introduction to the two volume essay
embodies the essentials of his chemical theory. In 1804 the work
was translated into English by an obscure translator known only
as B. Lambert. FEoth the original and the translation are

considered very difficult to understand.

The following is a discussion of the barriers to comprehension of
both the original "Essai" and the Lambert translation, including
the difficulties Lambert faced, and an attempt at retranslating

the introduction into more readily understandable English.



