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explained by the most varied and most contradictory
hypotheses (see Hackett and Manson-Bahr) . In his
Nobel address he gave a precise and detailed account
of his discovery .

Laveran, transferred to Paris, left the malaria-
infested regions ; and the discovery that its vector is
the mosquito was made by Sir Ronald Ross, who
always admitted having been put on this track by the
work of Manson and of Laveran .

Laveran's discovery was greeted without enthu-
siasm. The military authorities did not recognize his
merits, and he was not promoted . After having held
the post of professor of military hygiene at the Ecole
du Val de Grace from 1884 to 1894 and having filled
several temporary administrative positions at Lille
and Nantes, he left the army in 1896 to enter the
Pasteur Institute, which "was proud to welcome
independent spirits desiring to undertake disinterested
research" (Roux) . From 1897 Laveran carried out
research on parasitic blood diseases in man and
animals . In 1907 he was awarded the Nobel Prize
for his work on pathogenic protozoans . He used
the prize money to organize a laboratory at the
Pasteur Institute for tropical medicine, which bears his
name. In 1908 he founded the Societe de Pathologie
Exotique and was its president for twelve years . The
Academy of Sciences, which had acknowledged his
talents in 1889 with a major prize, elected him a
member in 1901 . He later became a member and
president of the Academy of Medicine . He published
the results of his numerous investigations not only
in notes and memoirs but also in voluminous mono-
graphs remarkable for both the precision of their
texts and the excellence of their illustrations .

Laveran was described by his friends Calmette and
Smile Roux . He was cold and distant to those who
did not know him and was a tenacious and solitary
worker. Yet in his private life he was known for his
cheerful disposition and was devoted to literature and
the fine arts . His family consisted not only of his
wife and sister, but also of his colleagues at the
Pasteur Institute to whom he was attached by bonds
of friendship .
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MARC KLEIN

LAVOISIER, ANTOINE-LAURENT (b . Paris,
France, 26 August 1743 ; d. Paris, 8 May 1794),
chemistry, physiology, geology, economics, social
reform .

Remarkable for his versatility, as scientist and
public servant, Lavoisier was first of all a chemist of
genius, justly remembered for his discovery of the
role of oxygen in chemical reactions and as the chief
architect of a reform of chemistry, a reform so
radical that he himself spoke of it early on as a
"revolution" in that science . Yet Lavoisier also had
a lifelong interest in geology and developed some
original notions of stratigraphy ; he was a pioneer in
scientific agriculture, a financier of ability who holds
a respected if minor place in the history of French
economic thought, and a humanitarian and social
reformer who used his position as a scientific statesman
and landowner to alleviate the evils of society . His
death on the guillotine in his fifty-first year, with
creative powers still undiminished, has marked him,



LAVOISIER

with the obvious exceptions of Louis XVI and Marie
Antoinette, as the outstanding martyr to the excesses
of the Reign of Terror during the French Revolution .

Lavoisier was a Parisian through and through and
a child of the Enlightenment. Born in 1743, in the
midreign of Louis XV and in the last year of the
administration of Cardinal Fleury, his boyhood
coincided with the flowering of the philosophic
movement in France . The Traite de dynamique, which
was to make d'Alembert's reputation, was published
in the year of Lavoisier's birth . Voltaire's Lettres
philosophiques had appeared ten years earlier (1733) .
Lavoisier was eight years old when the first volume of
the Encyclopedie appeared and ten when Diderot, in
his Interpretation de la nature, proclaimed that the
future of science lay not in mathematical studies but
in experimental physics-exemplified by the discoveries
of Benjamin Franklin-and in chemistry .

Lavoisier's family, originally from Villers-Cotterets,
a forest-encircled town some fifty miles north of Paris,
was of humble, doubtless of peasant, origin.' His
earliest recorded ancestor, a certain Antoine Lavoisier,
was a courier of the royal postal service (chevaucheur
des ecuries du roi) who died in 1620 ; a son, another
Antoine, rose to be master of the post at Villers-
Cotterets, a position of some distinction . Three
generations later Lavoisier's grandfather, still another
Antoine, served as solicitor (procureur) at the
bailiff's court of Villers-Cotterets and married Jeanne
Waroquier, the daughter of a notary from nearby
Pierrefonds . Their only son, Jean-Antoine, Lavoisier's
father, was sent to Paris to study law . In 1741, still a
mere fledgling in his profession, Jean-Antoine
inherited the estate, as well as the charge of solicitor
at the Parlement of Paris, of his uncle Jacques
Waroquier. The following year he married Emilie
Punctis, the well-dowered daughter of an attorney
(avocat) at the Paris law courts . Their first child,
Antoine-Laurent, the subject of this sketch, and a
younger sister who was to die in her teens, were both
born in the house in the cul-de-sac Pecquet (or
Pecquay) which had been the residence of the old
solicitor. 2 Here Lavoisier spent the first five years
of his life, until the death of his mother in 1748 . This
bereavement led Jean-Antoine to move the two
children to the house of his recently widowed mother-
in-law, Mine Punctis, in the rue du Four near the
church of St. Eustache . 3 In this house, tenderly cared
for by an adoring maiden aunt, Mlle Constance
Punctis, Lavoisier spent his childhood, his school
days, and his young manhood until his marriage .

Lavoisier received his formal education in the
College des Quatre Nations, a remarkable school-
among its alumni were the physicist and mathema-
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tician d'Alembert, the astronomer J . S . Bailly, and the
painter David-founded by the will of Cardinal
Mazarin and so commonly called the College Mazarin .
In the autumn of 1754, shortly after his eleventh
birthday, Lavoisier was enrolled as a day student
(externe) in the splendid building that today houses,
under its gilded dome, the constituent academies of
the Institut de France. At Mazarin, Lavoisier gained
a sound classical and literary training, earned more
than his share of literary prizes, and received the best
scientific education available in any of the Paris
schools . The course of study at Mazarin covered nine
years ; after the class of rhetoric, devoted to language
and literature, and before the two years of philosophy,
came a full year devoted to mathematics and the
sciences under the tutelage of the distinguished
astronomer Lacaille, famed for his expedition to the
Cape of Good Hope and his charting of the stars
of the southern hemisphere. We can gather something
of Lacaille's teaching from his elementary books on
mathematics, mechanics, optics, and astronomy . More
than a trace of this training is to be found in Lavoisier's
earliest scientific memoir, a highly precise description
of an aurora borealis visible at Villers-Cotterets in
October 1763 . Observing it on a clear night, he
showed his familiarity with Flamsteed's star table,
carefully locating the streamers with respect to the
visible stars and measuring their azimuth and altitude
with a compass provided with an alidade . 4

In 1761, rather than complete the class of philosophy
leading to the baccalaureate of arts, Lavoisier trans-
ferred to the Faculty of Law ; faithful, for the moment
at least, to the family tradition, he received his
baccalaureate in law in 1763 and his licentiate the
following year .

Yet already his interest had turned to science,
which he pursued in extracurricular fashion while
carrying on his legal studies . Lavoisier may have
received some further instruction from Lacaille in the
intimacy of the latter's observatory at the College
Mazarin, but only for a short while, for Lacaille died
late in 1762 . In the summer of 1763, and again the
following year, Lavoisier accompanied the distin-
guished botanist Bernard de Jussieu on his promenades
philosophiques in the Paris region . 5 Yet Jussieu's
influence was probably slight-botany held little
attraction for Lavoisier-whereas Lacaille's teaching
helps account for Lavoisier's quantitative bent of
mind, his lifelong interest in meteorological pheno-
mena, and the barometric observations he made
throughout his career .

Lavoisier's family and friends were soon aware that
science had captivated the young man and was luring
him away from the law . In an early letter (dated
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March 1762) Lavoisier was addressed by a family
friend as "mon cher et aimable mathematicien" ; and
the same correspondent expressed concern that his
young friend's health might suffer from his intense
application to the various branches of science .' It is
better, he continued-and Lavoisier would surely
have disagreed-to have a year more on earth than a
hundred years in the memory of men . Clearly,
Lavoisier already displayed the boundless energy and
wide-ranging curiosity that was to characterize him
all his life ; indeed another family friend, the geologist
Jean-Etienne Guettard, described him in these years
as a young man whose "natural taste for the sciences
leads him to want to know all of them before con-
centrating on one rather than another ."' Yet it was
Guettard who exerted the greatest influence upon
Lavoisier and focused the young man's attention upon
geology and mineralogy, and also, since it was an
indispensable ancillary science, upon chemistry ; for
Guettard believed that to be "a mineralogist as
enlightened as one can be," it was important to learn
enough chemistry to be able to analyze, and so help to
identify and classify, rocks and minerals .'

It was probably at Guettard's suggestion that
Lavoisier attended the course in chemistry given by
Guillaume Francois Rouelle .`' A brilliant and flam-
boyant lecturer and a vivid popularizer, Rouelle
filled his lecture hall at the Jardin du Roi with a
mixed audience of students, young apothecaries,
society folk, and such well-known men of letters as
Diderot, Rousseau, and the economist Turgot .
Besides Lavoisier, the leading French chemists of at
least two generations were introduced to the subject
by Rouelle . Included in Rouelle's course was a series
of lectures on mineralogical problems ; besides de-
scribing the physical and chemical properties of
mineral substances, Rouelle touched upon his own
rather special theory of geological stratification .

Accordingly, persuaded that these lectures provided
the best-if not the only-instruction in mineralogy
and the chemistry of minerals, Lavoisier followed
them faithfully, probably in 1762-1763 . If lie attended
the showy lectures at the Jardin du Roi, lie almost
certainly followed the private-and perhaps more
technical-course Rouelle taught in his apothecary
shop on the rue Jacob, near St . Germain des Pres .
Under Guettard's guidance geology absorbed

Lavoisier's attention in these years . As early as
1763 he began his collection of rock and mineral
specimens ; and with Guettard he explored the region
around Villers-Cotterets, where he was accustomed
to vacation with relatives .

For some time, indeed since 1746, Guettard had
nurtured a plan for a geologic and mineralogic atlas
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of France . It did not receive official support until
1766, when it was commissioned and funded by the
royal government ; but even earlier Guettard enlisted
young Lavoisier as a collaborator . In repeated
excursions in northern France-to Mezieres and
Sedan, through Normandy to the coast at Dieppe-
the two men collected specimens, noted outcroppings,
drew sections, and described the principal strata,
assembling material for the atlas . Their intensive
exploration and mappings continued until 1770, by
which time they had completed and printed sixteen
regional quadrangles, using symbols to designate the
rock formations and mineral deposits .

The most extensive of these joint expeditions, and
the most venturesome, was a trip through the Vosges
Mountains and parts of Alsace and Lorraine in 1767 .
Accompanied by Lavoisier's servant, Lavoisier and
Guettard traveled on horseback for four months, often
under trying, if not actually hazardous, conditions .
The letters Lavoisier exchanged with his father and his
adoring aunt during this long absence from Paris have
largely survived ; and Lavoisier's own warm, affec-
tionate epistles are very nearly the only letters among
the many extant in which we glimpse his personal
feelings .

Lavoisier's special contribution to this venture, as
to the other expeditions, was to add a quantitative
character to their observations . He used the barom-
eter systematically to measure the heights of
mountains and the elevations and inclinations of
strata, intending to use the results for drawing type
sections ; and he collected samples of mineral and
spring waters to be analyzed in the field or shipped
back to Paris . Nor was all this deemed of purely
practical value : by 1766 lie had outlined a research
program of experiments and observations that should
lead him, in the language of the day, to a "theory of
the earth," that is, to an understanding of the changes
that had altered the surface of the globe .

For the most part, Lavoisier's early theories of
stratification were derived from Guettard and Rouelle
or from his reading of Buffon's Theorie de la terre of
1749. Guettard, of a largely practical turn of mind,
described the geology of France in terms of three
handes differing in their lithology . Rouelle
distinguished the terre ancienne, the granitic and
schistose formations in which fossils apparently were
absent, from the generally horizontal, sedimentary
strata rich in fossils, which he called the terre nouvelle .
The strata of the terre nouvelle, he believed, had been
deposited when the sea covered all or most of the
continent of Europe . Accepting Rouelle's division
(although often using Guettard's terms), Lavoisier
at first assumed that there had been only a single
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epoch in which the present continents were submerged .
But he soon observed that the terre nouvelle was
composed of two different kinds of strata : fine-
grained, calcareous beds (pelagic beds), such as would
result from a slow deposition in the open sea, and
littoral deposits of rougher, abraded, and pebblelike
material, formed at beaches and coastlines. These had
been distinguished by his predecessors, but it was
Lavoisier who noted that littoral and pelagic beds
sometimes seemed to alternate with each other . As
early as October 1766 he came to the radical con-
clusion-which greatly extended his conception of
geologic time-that there may have been a succession
of epochs marked by a cyclically advancing and
retreating sea . In the regions he knew best there was
not a single terre nouvelle but, rather, three different
pelagic formations laid down at different times . Even
the terre ancienne was not truly primitive rock ; it was
more likely, he remarked at one point, to be composed
of littoral beds formed very long ago (bares littoraux
beaucoup plus anciennement formes) .

Lavoisier never lost interest in these geological
problems, although after 1767 his opportunities for
fieldwork markedly diminished ; he continued, as far
as innumerable distractions permitted, to be associated
with the atlas project until 1777, the year when Antoine
Monnet was officially put in charge of it . But it was
not until 1788 that Lavoisier presented his theory of
stratification to the Academy .

Lavoisier's earliest chemical investigation, his study
of gypsum, was mineralogical in character ; begun in
the autumn of 1764, it was intended as the first paper
in a series devoted to the analysis of mineral sub-
stances. This systematic inventory was to be carried
out, not by the method of J . H. Pott-who exposed
minerals to the action of fire-but by reactions in
solution, by the "wet way ." "I have tried to copy
nature," Lavoisier wrote . "Water, this almost uni-
versal solvent . . . is the chief agent she employs ; it is
also the one I have adopted in my work .""' Using a
hydrometer, he determined with care the solubility of
different samples of gypsum (samples of selenite, or
lapis specularis, some supplied by Guettard and
Rouelle) . He made similar measurements with calcined
gypsum (plaster of Paris) . Analysis convinced him that
this gypsum was a neutral salt, a compound of
vitriolic (sulfuric) acid and a calcareous or chalky base .
Not content with having shown by analysis the
composition of the gypsum, Lavoisier completed his
proof by a synthesis following, as he said, the way that
nature had formed the gypsum . He further demon-
strated that gypsum, when transformed by strong
heating into plaster of Paris, gives off a vapor, which
he showed to be pure water, making up about a

69

LAVOISIER

quarter of the weight of gypsum . Conversely, when
plaster of Paris is mixed with water and turns into a
solid mass, it avidly combines with water . Using the
expression first coined by Rouelle, he called this the
"water of crystallization ."

This first paper, which in so many respects embodies
the quantitative methods Lavoisier was to employ in
his later work, had in fact been largely anticipated by
others, notably by Marggraf, who had already
discovered the composition of gypsum and shown
that it contained water (phlegm) . Yet Lavoisier's work
was more thorough ; and his paper, his first contri-
bution to the Academy of Sciences (read to the
Academy on 25 February 1765), appeared in 1768 in
what was usually called the Memoires des savants
strangers, an Academy organ which published some
of the papers read to that body by nonmembers, often
by those who, like Lavoisier, aspired to membership ."

At the age of twenty-one Lavoisier was already an
aspirant ; to be sure, the time had passed when men of
that tender age were readily admitted to the Academy
as eleves or ac/joints. Yet Lavoisier had friends in the
Academy, and his father and his aunt were not averse
to pulling such strings as came to hand. Meanwhile,
the young man laid siege to the Academy from another
angle . He resolved in 1764 to compete for the prize
offered by the lieutenant general of police, and to be
judged by the Academy, for the best method of
improving the street lighting of Paris. The effort he
put into this inquiry was prodigious ; he attempted, as
A. N . Meldrum put it, to exhaust the subject-
theoretically, practically, and even (as lie was to do so
often in later inquiries) historically . He sought the best
available material for lamp wicks and the combustible ;
he determined what shape-whether parabolic, hyper-
bolic, or elliptical-made the best reflectors ; he
recommended how lanterns should be suspended to
give the best illumination ; and much else, although
there was practically no chemistry involved . Lavoisier
did not win the contest-indeed nobody did, for the
prize was divided into smaller awards ; but a gold
medal, specially authorized by the king, was presented
to him at the Easter public session of the Academy
on 9 April 1766, a month after he had read to that
body a second paper on gypsum .

Later that month Lavoisier's Supporters in the
Academy entered his name in the list of candidates
for the place of adjoint cliimiste that had fallen vacant .
Needless to say, Lavoisier, at the age of twenty-two,
was the youngest postulant . The winner, Louis
Cadet de Gassicourt, like most of the others, was some
ten years his senior . Nevertheless, Lavoisier's con-
fidence was unabated ; just prior to this election he
drafted two similar letters, to be signed by one or more
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of his friends in the Academy ; one was addressed to
Mignot de Montigny (the president of the Academy
for that year), the other to the perpetual secretary,
Grandjean de Fouchy . Both letters urged the Academy
to create a new division or class of physique experi-
mentale . 12 If Lavoisier hoped to make room for
himself in this rigidly structured and exclusive body,
nothing came of this early example of his ambition
and overwhelming self-confidence ; the letters probably
were never sent . But that Lavoisier was serious about
the importance of experimental physics we need
hardly doubt; he thought of himself, then and later,
as a physicien, an experimental physicist, even more
than as a chemist . Only when his investigations dealt
with the reactive or combinatorial behavior of
substances (as in the paper on gypsum) did Lavoisier
speak of doing chemistry . When, on the other hand,
he investigated the physical "instruments" that bring
about or influence chemical change-water, elastic
fluids like air, imponderable fluids like heat or
electricity-this was physics ; he was wont, character-
istically, to refer to Boyle and Priestley as phi ©s iciens,
not as chemists . There is further proof of his sincerity ;
in 1785, when the Academy of Sciences underwent its
last reorganization before the Revolution-and this
was largely Lavoisier's achievement-a classe de
physique generale was finally established .

Lavoisier was not easily discouraged . In 1767,
during his trip through the Vosges with Guettard, he
received optimistic news from his father about his
chances of election . Indeed, he seems to have taken
his success for granted . On the title page of a copy of
Agricola's De re metallica, which he purchased in
Strasbourg in September, he wrote confidently :
"Antonius Laurentius Lavoisier Regiae Scientiarum
Academiae Socius anno 1767 ." 13

In the spring of 1768 Lavoisier read to the Academy
of Sciences a paper on hydrometry describing an
accurate instrument of the constant-immersion type
which he had designed . This was followed by the
reading of a long paper on the analysis of samples of
water lie had collected in the course of his travels with
Guettard . Then, as now, Europeans ascribed re-
markable curative properties to the waters of various
spas ; and already there had grown up a large medico-
chemical literature on mineral waters . Before Lavoisier,
these were the only waters commonly analyzed . The
method employed was first to identify by qualitative
analysis the principal salt in a given sample ; the
concentration of this salt was then determined by
evaporating a certain volume of water to dryness and
weighing the solid residue . Lavoisier distrusted this
method, for the salt could be lost by decrepitation,
spattering, volatilization, or in some cases by de-
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composition . His method was to determine the
concentration of the characteristic salt by making
specific-gravity measurements of the water sample
with his improved hydrometer, a method which was,
of course, limited to waters containing a single salt .
Typically, Lavoisier did not concern himself with the
analysis of mineral waters-which, he wrote, were
important for only a small number of privileged
persons-but with the potable waters used by society
as a whole : waters from springs, wells, and rivers .
He analyzed some samples in the field, but the best
of his many measurements were made at the virtually
constant temperature of the deep cellars of the Paris
astronomical observatory .

Water, as we have seen, fascinated Lavoisier ; he
spoke of it as /'agent favori de la nature and as the chief
agent in shaping the earth, producing all its crystal
forms (including the diamond!) . Analysis of waters
ought to give some clue, he believed, to the kinds of
hidden strata through which water flowed before
emerging as a spring or river. The tables that ac-
companied this paper reveal his objective : the first
table lists his analyses of water found in the inclined
granitic and schistose strata of the Vosges Mountains,
where all of his samples were more or less rich in
Glauber's salt (hydrated sodium sulfate). The second
table, analyzing water samples collected in the bande
calcaire, disclosed a marked quantity of selenite or
gypsum, with traces of sea salt .

Lavoisier's election to the Academy followed
shortly upon the reading of this paper . The Academy's
vote was divided between Lavoisier and Gabriel
Jars, a mining engineer for the royal government,
with Lavoisier receiving a slight majority. When,
according to established practice, the two top names
were submitted to the king's minister, the Comte de
St . Florentin, Jars was designated adjoint chimiste
but a special dispensation was accorded Lavoisier,
who was admitted, to the great joy of his father and
his aunt, as adjoint chimiste surnumeraire .

Shortly before his election, in March 1768, Lavoisier
entered the Ferme Generate, a private consortium that
collected for the government such indirect imposts as
the tax on tobacco and on salt (the gabelle), as well
as customs duties and taxes on produce entering
Paris. Having inherited a considerable fortune from
his mother, he now invested a substantial portion of
his capital by assuming a third of the interest of the
farmer-general, Frangois Baudon, in a lease (bail)
negotiated under the name of a certain Jean d'Alaterre .
Some of Lavoisier's future colleagues in the Academy
of Sciences feared these responsibilities would detract
from his scientific work . Others, like the astronomer
Lalande, supported Lavoisier by arguing that his
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increased wealth made it unnecessary for him to
seek other ways of earning a living . Indeed, so the
story goes, one mathematician remarked, "Fine . The
dinners he will give us will be that much better ."

For the next few years, much of Lavoisier's time
was taken up with journeys, as a traveling inspector
(tourneur), on behalf of the Ferme Generale . One of
these expeditions, from July to November 1769, took
him across Champagne to inspect tobacco factories
and check on the deployment of brigades assigned to
catch smugglers. The early months of 1770 found him
at Lille in Flanders ; in August he was in Amiens, where
he read a paper on the mineralogy of France (especially
Picardy) at a public session of the Academy of Amiens .
In the same year, again combining scientific work with
his official travels, he presented a memoir on the water
supply of Rouen to the academy of that city .
In 1771 Lavoisier married Marie Anne Pierrette

Paulze, the only daughter of a farmer-general,
Jacques Paulze. The discrepancy of age was notable :
Lavoisier was twenty-eight, his bride not quite
fourteen . Although the marriage was childless, it was
happy and harmonious, a bourgeois marriage singu-
larly devoid, it would seem, of anything other than
fidelity and mutual esteem . Mme Lavoisier trained
herself to be her husband's collaborator : she learned
English (which he did not read), studied art with the
painter David, and became a skilled draftsman and
engraver . The thirteen copperplate illustrations in her
husband's Traite elementaire de chimie are her work ;
they are signed "Paulze Lavoisier sculpsit ." In 1775,
when Lavoisier was appointed a commissioner of the
Royal Gunpowder Administration (Regie des Poudres
et Salpetres), to serve in effect as scientific director, the
couple took up residence in the Paris Arsenal . 14 Here
Lavoisier equipped a fine laboratory where most of
his later scientific work was carried out . Mme Lavoisier
often assisted him, recording the results of experi-
ments; and as his hostess to visiting scientific cele-
brities, and at weekly gatherings of his scientific
colleagues, she proved an indefatigable promoter of
the "new chemistry" and her husband's renown .

As Lavoisier himself insisted, concern for the
public welfare was at least as important in directing
his attention to the problem of water supply for Paris
as was scientific curiosity . One of his earliest publica-
tions (in the Mercure de France for October 1769) was
a reply to a certain Father Felicien de St . Norbert who
had opposed a much-discussed plan to bring to Paris,
by an open canal, the waters of the Yvette, a tributary
of the Orge River . The plan had been proposed by an
engineer, Antoine de Parcieux, who in memoirs read
to the Academy of Sciences defended the feasibility
of the project . The potability of the water of the
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Yvette and its purity seemed attested by experiments
performed under the separate auspices of the Academy
of Sciences and the Faculty of Medicine . Since these
analyses involved weighing the solid residue obtained
by evaporation to dryness, the question arose at the
Academy whether it was true that water, on distilla-
tion, could be in part transmuted into earth ; if so-
and several early chemists believed this to be the
case-then the method of evaporating to dryness was
undependable . The transmutation problem was dis-
cussed by the physicist J. B . Le Roy in a memoir
presented at the Easter public meeting of the Academy
in 1767 . Le Roy did not believe that water could be
changed into earth, but suggested instead that earth
is somehow essential to the nature of water, or
intimately associated with it, and that during distilla-
tion water and earth pass over together into the
receiver . Nevertheless, the doctrine of transmuta-
tion had the authority of J . B . Van Hehnont and of
Robert Boyle, each of whom believed he had shown
by experiment that the nutrition and growth of plants
can only be attributed to water . Experiments like
theirs were performed by various eighteenth-century
scientists, chief among them the German physician
Johann Theodor Eller, who found support for this
doctrine by an experiment in which earth appeared
to be formed when water was subjected to violent and
prolonged shaking in a closed vessel and by experi-
ments, performed with hyacinth bulbs, similar to the
plant experiments of Van Helmont and Boyle .

This question, which had engaged so many distin-
guished scientists, Lavoisier was to solve, not long
after his election to the Academy of Sciences, by
means of an experiment that was to make his name
widely known and satisfy that craving for public
recognition which was already a marked aspect of his
character. He began in the late summer of 1768 with
attempts to obtain distilled water of the highest
purity for use as a standard in his hydrometric
measurements. Pure rain water, he found, when
repeatedly distilled, always left behind a small solid
residue, yet with no appreciable change in its specific
gravity . It occurred to him that the solid matter might
have been produced during the distillation, perhaps
from the glass, some of which might have been dis-
solved by the boiling water . To settle the question, he
placed the sample of water, which he had repeatedly
distilled, in a carefully cleaned and weighed glass
vessel called a pelican, a vessel so designed that water-
vapor condensed in a spherical cap, then descended
to the bottom through two handle-like tubes, only to
be vaporized once more . Before placing the apparatus
on a sand-bath, he weighed the pelican with its
contained water (obtaining thereby, by difference, the
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weight of water) . He began the refluxing on 24 October
1768, continuing it for 101 days . After a few weeks he
noted the appearance of particles of solid matter .
When he stopped the experiment on 1 February 1769,
he weighed the apparatus, finding no appreciable
change in weight . Then transferring the water and the
solid matter to another glass container, Lavoisier dried
the pelican, reweighed it and found it significantly
lighter. When he weighed the earthy particles, and
evaporated the water to dryness, weighing the solid
residue, he found the total amount of the solid matter
roughly equal to the loss in weight of the pelican .
Clearly, the earthy material (silica) had been dissolved
from the glass and was not the result of a transmuta-
tion of the water .

This well-known experiment demonstrates
Lavoisier's experimental ingenuity and those gravi-
metric procedures that were to characterize his later
work. The research was written up and initialed
(paraphe) by the secretary of the Academy early in
1769 ; yet the paper was not read until November 1770 .
Lavoisier's discovery, presented in a public session,
was promptly noted by the press; but impatient to
see the results in print and unwilling to await the
leisurely publication of the Histoire et memoires of the
Academy, Lavoisier profited from the establishment
of a new scientific journal, the Abbe Rozier's Obserca-
tions sur la physique, sur l'histoire itaturelle, et sur les
arts. A reference to Lavoisier's experiment appeared
in a note in the first number of this journal (July 1771),
and an extended summary was published in the
second (August) number . Lavoisier's full account did
not appear in the Histoire et me,noires until 1773 .
This famous experiment may have had a practical

aim, but its theoretical significance was probably
foremost in Lavoisier's mind : water, he had shown,
was not transmuted into earth and was probably an
unchangeable element . We now know that as early as
1766 Lavoisier had begun to speculate about the
nature of the traditional four elements, stimulated by
two papers of J. T . Eller published in the Memoirs
of the Berlin Academy . In these papers Eller rejected
the doctrine of four elements and defended instead the
notion that the true principles of nature were the
"active" elements, fire and water . Water, as Eller
believed he had shown by experiment, could produce
earth . Lavoisier's experiment had pretty well disposed
of this contention . But more interesting to Lavoisier
was Eller's suggestion that air was the result of a com-
bination of water with the matter of fire . This identifi-
cation of water vapor with air can best be understood
in the light of eighteenth-century theories about air
and vapors. Air was the elastic body par excellence,
playing its role (in combustion, for example) as a
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physical rather than a chemical agent . Vapors, on the
other hand, were not thought to be inherently elastic
but to be foreign particles dispersed and dissolved
in air, just as particles of salt are dissolved in water .
Nevertheless, scientists (Wallerius and Eller among
them) had shown that water could evaporate in a
vacuum, where there was no air into which the particles
of water could be dissolved . Moreover, the increase
in barometric pressure in the receiver of an air pump
after the evaporation of water suggested to Eller that
the water had been transformed into air by combining
with the matter of fire .

In May 1766, Lavoisier jotted down two notes
inspired by a rapid reading of Eller's papers ; these, he
noted, struck him as "very well done ." In the first
of his notes he recorded Eller's notion that air might
not be an element but a combination of water with
the matter of fire . In his second note he developed
his own theory, ignoring Eller's identification of
water vapor with air . Instead, he suggested that air,
by being combined with the matter of fire, might be a
fluid in a permanent state of expansion . The elements,
Lavoisier wrote, enter into the composition of all
bodies ; but this combination does not take place in
the same manner in all bodies . There is a great
similarity between the aerial fluid and the igneous
fluid. Both lose a part of their (characteristic) prop-
erties when they combine with bodies . It is known,
for example, that air when combined ceases to be
elastic and occupies a space infinitely less than when
it was free .

This last comment is a clear allusion to the work of
Stephen Hales, who, in a long chapter of his Vegetable
Staticks, had demonstrated that air could exist "fixed"
in a wide variety of animal, vegetable and mineral
substances . Hales's book had been translated in 1735
by Buffon, and Lavoisier doubtless first learned of
Hales's experiments on "fixed air" from the lectures
of Rouelle. But he may have been impelled by a ref-
erence in one of Eller's papers to turn directly to the
Vegetable Staticks. In the years that followed,
Lavoisier was to puzzle over this problem of the
elements, with his attention focused increasingly upon
the fixation of air and the possibility that the aeriform
state resulted from the combination of some base with
the matter of fire .

A key idea drawn from his reading of Hales was that
the effervescence produced in various chemical
reactions was not merely the result of the thermal
agitation accompanying the reaction, or "fermenta-
tion," but was instead the sudden release of "fixed
air." In 1768 Lavoisier called attention to a phenom-
enon (observed long before by the chemist E. F .
Geoffroy) that certain effervescent reactions produce
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a cooling effect ." This appeared to refute the belief
that effervescences were simply the result of strong
intestine motion of particles and that the heat, as
some scientists believed, observed in other effervescent
reactions was the result of friction . Moreover, it
supported his notion that the air so released combined
with the "matter of fire." Not long afterward, some-
time between 1769 and 1770, Lavoisier became familiar
with another phenomenon that supported his notion
that air might be a combination of a base with the
"matter of fire ."
The observation of the Scots physician William

Cullen (and of Lavoisier's compatriot Antoine
Baume) that when highly volatile liquids like ether
or alcohol are vaporized, they produce a pronounced
drop in temperature, was strong support for this
theory, for the simplest explanation was that the
change from liquid to vapor was accompanied by the
absorption of heat or the "matter of fire ." In 1771-as
yet unaware of Joseph Black's unpublished discoveries
concerning latent heat-Lavoisier observed that when
ice melts, although heat is steadily applied to it, the
temperature of an ice-water mixture remains un-
changed . Clearly, "fire" becomes "fixed," unable to
affect the thermometer .

All these scattered bits of evidence were given clear
meaning when Lavoisier encountered just when, we
are not certain-a remarkable article entitled "Ex-
pansibilite" in the Encyclopedie of Diderot and
d'Alembert . The author of this anonymous article
was the economist, philosopher, and public servant
Turgot. Turgot defined "expansibilite," a word he
seems to have coined, to mean unlimited elasticity,
like that of air . But to Turgot not merely air, but all
vapors, are expansible, a property they acquire when
heat, or the subtle matter of fire, enters bodies and
weakens the attractive forces binding the particles
together . Common air is simply a particular vapor, or
what Lavoisier would have called an aeriform fluid ;
if it were possible to lower the temperature sufficiently,
it should be possible to liquefy it . And Turgot made
the remarkable suggestion, later taken up by Lavoisier,
that all substances are in principle capable of existing
in any of the three states of matter-as solid, liquid,
or aeriform fluid (gas) depending upon the amount
of the matter of fire combined with them . Sometime
before the summer of 1772 Lavoisier had drafted an
incomplete but remarkable memoir which he called
"Systeme sur les elements" and which outlined a
covering theory-if we may call it that-which was
henceforth to guide his own investigations and his
interpretation of the findings of others . The elements,
notably water, air, and fire, can exist in either of two
forms, fixed or free . In the crystals of certain salts,
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water is fixed as "water of crystallization ." Air is not
only fixed in many substances but even enters into the
composition of mineral substances . The same is true
of "phlogiston or the matter of fire ." But how, he
asks, can air, a fluid capable of such remarkable
expansion, be fixed in solid substances and occupy
such a small space? The answer is his theorie singuliere,
according to which water exists in the atmosphere as
a vapor in which the particles are combined with the
fine, elastic particles of the matter of fire ; and the air
we breathe is not a simple substance but a special kind
of fluid combined with the matter of fire .

Up to this point, these were only private speculations
which Lavoisier set down in several unpublished drafts .
He had performed no experiments, and the theory
derived entirely from his reading and the inferences
he drew from the discoveries of others . But in the
course of 1772 some new facts came to Lavoisier's
attention and led to his famous first experiments on
combustion, the dramatic first steps toward his
"revolution in chemistry ."
This revolution has often been summed up as

Lavoisier's overthrow of the phlogiston theory (his
new chemistry was later called the antiphlogistic
chemistry), but this is only part of the story . His
eventual recognition that the atmosphere is composed
of different gases that take part in chemical reactions
was followed by his demonstration that a particular
kind of air, oxygen gas, is the agent active in com-
bustion and calcination . Once the role of oxygen was
understood-it had been prepared before Lavoisier,
first by Scheele in Sweden and then independently by
Priestley in England-the composition of many
substances, notably the oxyacids, could be precisely
determined by Lavoisier and his disciples . But the
discovery of the role of oxygen was not sufficient of
itself to justify abandoning the phlogiston theory of
combustion . To explain this process, Lavoisier had to
account for the production of heat and light when
substances burn . It is here that Lavoisier's theory of
the gaseous state, and what for a time was his theory
of the elements, came to play a central part .

At this point, we may ask what Lavoisier could have
known about the work of the British pneumatic
chemists other than Stephen Hales . The answer would
seem to be "very little ." Of Joseph Black, often
described as a major influence upon him, Lavoisier
clearly knew nothing at first hand until 1773 or
perhaps late 1772, for Black's famous Essay on
Magnesia Alba was for long unavailable in French .
Yet Black's major achievements were summarized in
the French translation (1766) of David MacBride's
Experimental Essays on Medical and Philosophical
Subjects, a work strongly indebted to Hales and
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Black, and chiefly concerned with the possible medical
uses of Black's "fixed air" (carbon dioxide) . Although
Lavoisier had the book in his library, there is no
evidence that he was impressed by it . On the other
hand Jean Bucquet, a physician and chemist whom
Lavoisier admired, and who later became his colla-
borator, had his interest in the chemistry of air
aroused by MacBride's hook . In his Introduction a
/'etude ties corps naturels tires du regne mineral (2 vols .,
Paris, 1771), Bucquet remarks that air is found in
almost all bodies in nature, in almost all minerals,
although perhaps not in metals . He discusses the rival
views of J . F . Meyer and MacBride on the causticity
of alkalis and quicklime, and describes the precipita-
tion of calcareous matter when "fixed air" is passed
through limewater .
The famous paper of Henry Cavendish on "fixed

air" long remained unknown, and it was some time
before Joseph Priestley's work could serve as a
stimulus to inquiries about different kinds of air . In
March 1772, Priestley reported to the Royal Society
the experiments that later appeared in the first
volume of his Observations on Different Kinds of Air,
a work only published late in 1772. Some faint echoes
of his discoveries did reach the French chemists during
the spring ; what especially attracted their attention
was Priestley's discovery that vitiated air is restored
by the gaseous exchange of plants, and his report that
an English physician had cured putrid fever by the
rectal administration of "fixed air ." It was not, how-
ever, these vague reports that made Frenchmen aware
of Priestley's activity, but rather his first publication
on gases, a modest pamphlet entitled Directions for
Impregnating Water with Fixed Air, which appeared
in June 1772 and was soon translated into French .
Here again it was the presumed medical use of such
artificial soda water that accounts for the impression
it made. Yet we can only conclude that in 1772 the
book by Stephen Hales was the predominant influence
in interesting Lavoisier in the chemical role of air .
Early in 1772, at all events before June of that

year, there appeared a book by the provincial lawyer
and chemist Louis Bernard Guyton de Morveau,
which conclusively proved that the well-known gain
in weight of lead and tin when they are calcined is not
a peculiarity of those metals, but that all calcinable
metals become heavier when transformed into a calx ;
moreover, this increase has a definite upper limit
characteristic of each metal . Guyton sought to explain
these results by invoking a fanciful variation of the
phlogistic hypothesis, but Lavoisier saw at once that
the fixation of air might be the cause . By August he
had devised an experiment to determine the role that
air might play in chemical reactions involving metals .
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Was air absorbed by or released from a metal when
exposed to the strong heat of a burning glass'? Perhaps
it would be possible to answer this question by using
an apparatus devised by Stephen Hales (his pedestal
apparatus) which enabled the amount of air released
or absorbed to be measured . Soon after, however,
Lavoisier learned that a Paris pharmacist, Pierre
Mitouard, had reported that when phosphorus was
burned to form the acid, air seemed to be absorbed .

In the early autumn of 1772 Lavoisier carefully
verified this report . He burned weighed quantities of
phosphorus and sulfur and discovered that the acids
produced weighed more than the starting materials
and absorbed, notably in the case of sulfur, "a
prodigious amount of air ." Soon after, using a
modification of Hales's pedestal apparatus, he heated
minium (red lead) in the presence of charcoal in a
closed vessel and observed that a large amount of air
was given off. This discovery struck him as "one of
the most interesting of those that have been made
since the time of Stahl ." 16 Accordingly, he followed
the common practice of the Academy of Sciences to
assure priority and recorded these results in a famous
sealed note (p/i cachete) deposited with the secretary
of the Academy .

These experiments confirmed Lavoisier's suspicions
that air, or some constituent of air, played an impor-
tant role in the processes of combustion and
calcination . In the autumn of 1772 he set himself to
read everything that had been published on aeriform
fluids. Translations were soon made available (prob-
ably through the indefatigable transmitter of
scientific gossip Jean Hyacinthe Magellan) not only
to Lavoisier but also to such of his fellow chemists in
France as Bucquet, Hilaire-Marin Rouelle (the
brother of Lavoisier's teacher), and the pharmacist
Pierre Bayen, all of whom investigated, late in 1772
and in early 1773, the production and properties of
Black's "fixed air .""
On 20 February 1773, Lavoisier opened a new

research notebook (the first of his famous registres de
laboratoire) with a memorandum announcing his
intention to embark on a "long series of experiments"
on the elastic fluid emitted from bodies during various
chemical reactions and on the air absorbed during
combustion . The subject was obviously so important-
"destined," as he put it, "to bring about a revolution
in physics and chemistry"-that he proposed in the
succeeding months to repeat all the early experiments
and to extend his own . The results, both of his reading
and of his experimentation, were presented to the
Academy of Sciences in the spring and summer of
1773-the pli cachete was opened on 5 May-and
formed the substance of his first book, the Opuscules
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physiques et chimiques, which was published in
January 1774 .

Also in 1774 two French chemists, Pierre Bayen and
Cadet de Gassicourt, investigated the peculiar behavior
of red calx of mercury (rnercurius calcinatus per se) .
From this substance, they claimed, the metal could
be regenerated without the addition of a reducing
agent rich in phlogiston, like charcoal, simply by
heating it to a higher temperature . Was this true? And
was this "red precipitate of mercury," as Lavoisier
called it, a true calx? 78 Early in the autumn of 1774
the subject was discussed at the Academy of Sciences,
and Lavoisier was made a member of a committee to
examine this question. But before the inquiry could
be made, there occurred an episode about which
much ink has been spilt .

In October the English chemist Joseph Priestley,
during a visit to Paris, dined with Lavoisier and a
group of other French scientists . Priestley told the
assembled guests that in the previous summer he had
obtained a new kind of air by heating the "red pre-
cipitate of mercury ." The air was poorly soluble in
water, and in it a candle burned more brightly than in
common air. Priestley had, in fact, prepared oxygen ;
but at the moment he thought he had found a species of
nitrous air(nitric oxide), a gas he had discovered earlier .

Since Lavoisier, not long after, turned to investigate
this new air, Priestley may be pardoned for believing
that Lavoisier was simply following his clue. Many
scholars have accepted Priestley's claim, but it is
certainly not true." Lavoisier and the other members
of the Academy committee were already familiar
with the "red precipitate of mercury" and reported in
November that it was reduced without addition . If
this substance was a true calx, Lavoisier did not need
Priestley's disclosure to know that an air would be
released when it was reduced . Indeed, Pierre Bayen,
one of the first to call attention to the strange behavior
of the red precipitate, had actually found that a gas
was given off on reduction, although he erred in
claiming that it was Joseph Black's "fixed air ."

Lavoisier took up this question seriously in the
early months of 1775 . He collected the air produced
by the reduction of mercury calx and tested it, not to
see if it had the properties of Priestley's new air, which
did not immediately occur to him, but to determine
whether or not it was "fixed air," first by passing the
gas through limewater (which it did not precipitate),
then by seeing whether it would extinguish a flame .
He recorded in his notebook that "far from being
extinguished," the flame burned more brightly than
in air.2' He concluded that the air was "not only
common air . . . but even more pure than the air in
which we live."
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At the public session of the Academy on 26 April
1775, Lavoisier described his discoveries in a paper
entitled "Memoire sur la nature du Principe qui se
combine avec les metaux pendant leer calcination, et
qui en augmente Ie poids ." Determined as usual to
bring out his results as soon as possible and aware that
the Histoire et memoires of the Academy was several
years behind schedule, Lavoisier published this classic
paper (in its first version) in the May Issue of Rozier's
Observations sur la physique.
Meanwhile, Priestley was not idle . With a new

sample of the red precipitate purchased in Paris, he
again took up the investigation soon after his return
to England. Various tests, carried out early in 1775,
convinced him that he had not prepared nitrous air
but had discovered a new gas "between four and five
times as good as common air ." A firm advocate of the
phlogiston theory, he assumed-because this gas
supported combustion so much better than common
air-that it must be a better receptacle for phlogiston,
had less phlogiston already in it, and should be called
"dephlogisticated air." Priestley published these
experiments and his conclusion in the second volume
of his Experiments and Observations on Different
Kinds of Air, which appeared before the end of
1775 .

If Lavoisier owed little or nothing to Priestley's
earlier disclosure, his indebtedness to Priestley at this
point in time is undeniable . Advance sheets of Priest-
ley's volume reached Paris by December , 21 and
Lavoisier saw at once the significance of the new facts
they contained . He set to work to confirm and extend
Priestley's work ; preparing once more the air from
the mercury calx, he referred to it in his laboratory
notebook as "the dephlogisticated air of M . Prisley
[Sic]." 11 He noted that calcining mercury would be
a way of analyzing atmospheric air into its chief
components. So in April he studied the residual air
left after prolonged calcination of mercury, which of
course was mainly nitrogen ; and although he found
that like Black's "fixed air" it did not support com-
bustion, yet it did not precipitate limewater . He
followed this analysis, according to his custom, by a
synthesis: he mixed five parts of the residual air with
one part of "dephlogisticated air" and found that a
candle burned in it about as brightly as in common air .
The highly respirable property of "dephlogisticated
air" now commanded his attention . At the Chateau
de Montigny, with his friend Trudaine de Montigny,
Lavoisier carried out experiments on the respiration
of birds, confirming that they lived much longer in
the new gas than in common air and showing that in
both cases they vitiated the air by producing Black's
"fixed air ."
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When in 1778 Lavoisier reread to the Academy of
Sciences his classic paper of three years earlier and
published it in the Academy's Memoires, he revised it
without making it clear that he had changed his
conclusions-and, indeed, recast the paper-because
of what he had learned from Priestley's book and
from his own subsequent experiments . Priestley, to
be sure, is not mentioned . But Lavoisier no longer
described the air produced by reducing mercury calx
(without addition) as highly pure atmospheric air ;
now he called it "the purest part of the air" or
"eminently respirable air ." This air, he also showed,
combines with carbon to produce Black's "fixed air,"
which he was soon to call, since it was known to be
weakly acidic and to combine with alkalis and
alkaline earths to form what we call the carbon-
ates, "chalky aeriform acid" (acide crayeux aeri-
forme) .

Lavoisier's activity during these years was prodi-
gious ; his scientific productivity was at its peak, and
the experiments that he performed alone or with his
collaborator, Jean Bucquet, contributed to round out
his theory. Several main lines of inquiry were pursued
simultaneously : the properties of aeriform fluids, the
mystery of vaporization and heat, the role of "eminent-
ly respirable air" in combustion and respiration, and
the formation of acids. This last was to add a new
dimension to his oxygen theory .

Considerable progress had been made during the
eighteenth century toward understanding the behavior
of acids . 23 Rouelle, Lavoisier's teacher, had con-
firmed that salts were combinations of an acid with
certain substances that served as a "base" (alkalis,
earths, and metals) ; and he had shown that certain
salts were genuinely neutral while others contained an
excess of acid . New acids, too, were identified ;
beginning with his preparation of tartaric acid in 1770,
the great Swedish chemist Carl Wilhelm Scheele
added nearly a dozen organic acids to the roster of
new chemical individuals, as well as preparing acids
from such metals as arsenic and tungsten .

As to the cause of acidity, various theories were
current-for example, Newton's doctrine that acids
were substances "endued with a great attractive force,
in which their activity consists," a theory favored by
Macquer and Guyton de Morveau. Lavoisier, on the
other hand, thought in more traditional terms and
believed it possible to identify the "constituent
principles" of acids and bases, just as his predecessors
had analyzed salts into their two major constituents .
One widely held notion was that there was one
fundamental or "universal" acid, of which the in-
dividual acids were simply modifications . Various
acids were nominated for this distinction, includi i u
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vitriolic (sulfuric) acid and Black's "fixed air," which
Bergman called the "aerial acid ."

The sharp, fiery taste of acids led to a confusion of
acidity with the causticity of such substances as
corrosive sublimate or quicklime . Joseph Black had
argued that the causticity of quicklime was an inhering
property that was masked when the lime combined
with "fixed air ." A chemist and apothecary of
Osnabruck, J . F. Meyer (1705-1765), attacked Black's
theory and argued that mild alkalis become caustic
when they take up an oily acid, acidum pingue, as
he believed limestone does when it is burned to
quicklime. The calxes of metals, Meyer thought,
might contain acidum pingue . This imaginary protean
substance, closely related to fire and light, was also
the "universal primitive acid" of which all other
acids were modifications .

As early as 1766, Lavoisier was familiar with
Meyer's theory, for in his notes on Eller's memoirs he
makes a passing reference to acidum pingue . When he
wrote the Opuscules in 1773, Lavoisier had not def-
initely decided in favor of Black's theory rather than
Meyer's; both theories of causticity were presented
on their merits, although Lavoisier wrote of Meyer's
book that it contained a "multitude of experiments,
most of them well made and true," and noted that
the theory of acidum pingue explains "in the most
natural and simple fashion" the gain in weight of
metals on calcination. Should Meyer's ideas be
adopted, the result would be nothing less than a new
theory directly contrary to that of Stahl . 24

It is likely that Lavoisier at first shared the wide-
spread notion that a universal acid, whether or not
it was an acidum pingue, was to be found in the
atmosphere and that this primitive acid gave rise to
all the particular acids known to the chemist . His
important step forward was to abandon the notion,
essentially tautological, that an acid gave rise to
acids and to suggest that an identifiable chemical
substance, in fact an aeriform fluid or gas, played this
universal role of acid-former . Yet before the autumn
of 1772 Lavoisier did not suspect that air entered into
the composition of acids . When air was released in the
reaction between an acid and a metal, as in the pro-
duction of "inflammable air" (hydrogen), Lavoisier
believed that it came from the metal . In his August
Memorandum of 1772 he wrote that "air enters into
the composition of most minerals, even of metals, and
in great abundance." Yet his experiments with
phosphorus and sulfur convinced him that when they
were burned to form the acids, air was absorbed . In
the Opuscules of 1774 Lavoisier could remark that
phosphoric acid was "in part composed of air, or at
least of an elastic substance contained in air ."
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He did not return to the subject until two years
later . On 20 April 1776, Lavoisier read to the Academy
one of his most brilliant papers, a memoir entitled
"Sur 1'existence de 1'air dans I'acide nitreux ." Refer-
ring back to his experiments on phosphorus and
sulfur, and his conclusion that air entered into the
composition of the acids resulting from the combustion
of these substances, he was led to consider the nature
of acids in general and to conclude that all acids were
in great part made up of air; that this substance was
common to all of them; and, further, that they were
differentiated by the addition of "principles" charac-
teristic of each acid. When he "applied experiment to
theory," Lavoisier was able to confirm his suspicion
that it was the "purest portion of the air," Priestley's
dephlogisticated air, that entered without exception
into the composition of acids, and especially of
nitric acid, which was particularly deserving of study
because of the importance of saltpeter (potassium
nitrate) in the making of gunpowder .
The experiments were as follows . When a known

quantity of nitric acid was heated with a weighed
amount of mercury, the resulting product was a white
mercurial salt (mercuric nitrate) ; this decomposed to
form the red oxide, yielding nitric oxide (air nitreux) .
On further heating, the red oxide, as Lavoisier
already knew, decomposed, producing metallic mer-
cury and the "air better than common air," or
"eminently respirable air ." Lavoisier was careful to
separate the different gaseous fractions by collecting
the air under different bell jars over water. According
to his practice, the analysis was followed by a synthe-
sis : by bringing together the nitric oxide and the
"pure air" in the presence of a small amount of water,
he was able to regenerate nitric acid .

Almost exactly a year later, on 21 March 1777,
Lavoisier read a memoir to the Academy of Sciences
in which he showed that phosphorus burned in air
combines with the "eminently respirable air" to form
phosphoric acid . When this air is used up, the re-
maining air, which he called mofette atmospherique
(nitrogen), does not support combustion or sustain
life . In the same paper he showed that sulfur takes up
"eminently respirable air" in the formation of vitriolic
acid .

In 1779 Lavoisier brought together the results of all
this work in an important paper (published in 1781)
entitled "Considerations generaley sur la nature des
acides." Here are set forth his conclusions that since
"eminently respirable air" is a constituent of so many
acids, it may play the role of "universal acid" or,
rather, of the "acidifiable principle ." When combined
with carbonaceous substances or charcoal, this air
forms chalky acid (carbon dioxide) ; with sulfur,
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vitriolic acid ; with nitric oxide, nitric acid ; with
phosphorus, phosphoric acid. When combined with
metals, on the other hand, it forms calxes (oxides) .
Nevertheless, it was the acid-forming characteristic
that impressed him ; he therefore proposed to call the
acidifying principle or base of "eminently respirable
air" the "oxygen principle" (principe oxigine), that is,
the "begetter of acids ." What he soon called "vital
air" 25 he described, faithful to his conception of
aeriform fluids, as a combination of the "matter of
fire" with a base, the "principe oxigine ." By 1787,
when the collaborative Nomenclature chimique was
published, oxigine had become oxygene . In the
meantime he had extended the application of his
oxygen theory of acids and had discovered that there
existed related acids that differed only in the propor-
tion of oxygen they contained, as for example sulfurous
and sulfuric acids ; the higher the degree of oxygena-
tion, he discovered, the stronger was the acid produced .
In a paper published in 1785 Lavoisier made an
equally important contribution by proving that the
solution of metals in acids was a form of calcination :
a calcination by the "wet way" (par la voie humide) .
The metal combines with a quantity of the principe
oxigine approximately equal to that which it is
capable of removing from the air in the course of
ordinary calcination .

Scholars have generally pointed to Lavoisier's
theory of acids as perhaps his major error, or at least
as a rash induction . From his analysis of a number of
the oxyacids (carbonic, sulfuric, nitric) and certain
organic acids (oxalic and acetic), all shown to contain
oxygen, he argued that all acids must be so constituted,
although he readily admitted that muriatic (hydro-
chloric) acid had not been shown to contain oxygen,
which indeed it does not . Lavoisier explained this away
by assuming that so far it had resisted further analysis .

Besides oxygen, other gases interested Lavoisier
(the term "gas" was soon to replace the word "air"
or the phrase "aeriform fluid"), 26 and none more than
the "inflammable air" produced by the action of weak
acids on iron or copper. In September 1777 with
Bucquet he burned this "inflammable air" to see
whether, as Bucquet expected, "fixed air" was pro-
duced, as was the case in the combustion of carbon .
The limewater test was negative. What, then, was the
product formed?

After the death of Bucquet, Lavoisier repeated this
experiment in the winter of 1781-1782, using what he
called a gasholder or pneumatic chest (caisse pneuma-
tique) to store the oxygen and maintain a steady flow
into a bottle filled with "inflammable air ." Persuaded
that some acid should be formed when the two gases
were burned together, he was surprised when once
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more he failed to detect any product or even a trace
of acidity . Convinced that something must have been
produced, since the basic article of scientific faith, on
which his quantitative procedures were based, was that
matter is neither created nor destroyed in chemical
reactions, Lavoisier determined to carry out the
experiment "with more precision and on a larger
scale." To this end, assisted by his younger colleague,
the mathematician Laplace, lie designed a combustion
apparatus in which streams of the two gases, each
stored in a pneumatic chest, could be brought together
in a double nozzle and burned together .

Before this new apparatus was completed, Lavoisier
used the first pneumatic chest in a spectacular ex-
periment in which a stream of oxygen, directed into a
hollowed-out piece of charcoal, burned at such a high
temperature that it melted platinum, a recently de-
scribed metal that had resisted fusion even at the
temperature of the great burning glass of Trudaine .
Lavoisier reported his success at the public session of
the Academy of Sciences on 10 April 1782. Early in
June, and at considerable expense, he transported his
equipment to the Academy and demonstrated, in the
presence of a visiting Russian grand duke (traveling
incognito as the Cornte du Nord), the melting of a
small mass of platinum by what Benjamin Franklin,
another observer, called a fire "much more powerful
than that of the strongest burning mirror," indeed the
"strongest fire we yet know ." 27

Lavoisier's combustion apparatus was ready by June
1783 and was immediately put to historic use . In that
month the Academy of Sciences was visited by the
assistant of Henry Cavendish, Charles Blagden, a
physician and scientist who the following year was to
become the secretary of the Royal Society . Blagden,
so the familiar account runs, informed Lavoisier and
some other members of the Academy of Sciences that
Cavendish had obtained pure water when he had
detonated a mixture of "inflammable air" and
"dephlogisticated air" in a closed vessel . As Blagden
recalled this event, the French scientists replied that
they had already heard about such experiments as
repeated by Joseph Priestley but doubted that the
weight of water, as Cavendish claimed, was equal to
the weight of the gases used . They believed, rather,
that the water was already contained in, or united to,
the gases used . Nevertheless, Blagden's disclosure
supported what they had already learned . Accordingly,
Lavoisier and Laplace put into action the newly
completed combustion apparatus . On 24 June 1783,
in the presence of Blagden and several academicians,
they burned substantial amounts of the dry gases and
obtained enough of the liquid product so that it could
be tested . It did not give an acid reaction with litmus
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or syrup of violets, precipitate limewater, or give a
positive test with any of the known reagents; it
appeared to be "as pure as distilled water." In
reporting on these experiments, Lavoisier confessed
that it was not possible to be certain of the exact
quantity of the gases that were burned ; but, he
argued, since in physics, as in mathematics, the whole
is equal to the sum of its parts, and since only water
and nothing else was formed, it seemed safe to con-
clude that the weight of the water was the sum of the
weights of the two gases from which it was produced .

With the return of the Academy in November from
its vacation, Lavoisier read at the public meeting an
account of his experiments, making the historic
announcement that water was not a simple substance,
an element, but a compound of the principe oxigine
with what he proposed to call the "aqueous in-
flammable principle" (principe inflammable aqueux),
that is, hydrogen . A summary of these results ap-
peared anonymously in the December issue of
Rozier's journal ."' A draft of this summary in
Lavoisier's hand, recently identified in the archives
of the Academy of Sciences, proves beyond a doubt
that he was the author . 28 The fuller and more
elaborate memoir, published after Lavoisier had begun
extensive work with J . B . M . Meusnier, appeared in
the Academy's Memoires in 1784 . 30
The summer and autumn of 1783 riveted public

attention, and that of the scientific community
(including that shrewd American observer, Benjamin
Franklin), upon the dramatic success of the first
lighter-than-air flights . Soon after the pioneer dem-
onstrations by the Montgolfier brothers came the
historic exploit of the Marquis d'Arlandes and
Pilatre de Rozier, who made the earliest manned free
ascent. The hot air "aerostats," as the balloons were
called, could be made to rise or descend only by
varying the intensity of the fire of straw or other light
combustible which caused hot air to rise into the open
bottom of the balloon .

A quite different, and far more promising, solution
was soon proposed and demonstrated by J . A. C .
Charles, a free-lance teacher of physics . With his
assistants, the brothers Robert, he launched an
unmanned balloon that had been laboriously filled
with "inflammable air ." On 1 December, Charles and
the younger Robert took off from the Tuileries in a
basket (nacelle) lifted by a hydrogen-filled balloon
twenty-six feet in diameter ; they rose to the height of
300 fathoms : driven by a southeast wind, they covered
a distance of nine leagues before an uneventful
descent. Then Charles went aloft alone, rose to the
height of nearly 1,700 fathoms, showing physicists,
Lavoisier wrote, "how one can rise up to the clouds
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to study the causes of meteors ." 31 What particularly
impressed Lavoisier was the complete control Charles
and Robert had over their machine, using bags of
sand to slow the ascent of the balloon and descending
by venting hydrogen .

Meanwhile, the Academy of Sciences appointed
a standing committee to find measures for improving
balloons, by determining the best shape, ways of
maneuvering them, and above all by finding "a light
gas, easy to obtain and always available, and which
would be cheap" with which to fill the balloons . The
committee included, besides the Academy's officers,
physicists like J. B . Le Roy, Mathurin Brisson, and
Coulomb, and chemists like Berthollet and Lavoisier,
who-as he habitually did when serving on com-
mittees-became its secretary . Attached to this group
was J. B . M. Meusnier, a young officer on leave from
the Corps of Engineers . A graduate of the military
engineering school at Mezieres, he had been since
1776 a corresponding associate (correspondant) of the
Academy of Sciences . The ease with which "inflam-
mable air" had been obtained from the decomposition
of water convinced Lavoisier that this was the route
to follow in obtaining in quantity the cheap, light
gas sought by the committee . In this inquiry, carried
out in his laboratory at the Arsenal, Lavoisier had the
invaluable assistance of Meusnier . In March 1784 they
produced a small amount of the inflammable air by
plunging a red-hot iron into water; later that month
they successfully decomposed water by passing it
drop by drop through an incandescent gun barrel . In
this fashion Meusnier and Lavoisier prepared eighty-
two pints of the light, inflammable air, and on
29 March they repeated this experiment in the presence
of members of the standing committee . Meusnier
presented the results of this joint effort to the Academy
on 21 April ; the full memoir was published soon after .

Steps were now taken to carry out with high pre-
cision a really large-scale decomposition of water into
its constituent gases and its synthesis . Meusnier
radically redesigned Lavoisier's gasholders (caisses
pneumatiques) to allow the volume of gas and the rate
of outflow to be measured with accuracy . These
earliest "gasometers," as well as a combustion flask
for the large-scale synthesis of water, were the work
of the instrument maker Pierre Megnie .

The experiments were carried out at the Arsenal on
27 and 28 February 1785, in the presence of members
of a special evaluation committee of the Academy
and other invited guests . For the decomposition
experiment, water was percolated through a gun
barrel filled with iron rings ; the inflammable air was
collected in bell jars over water in a pneumatic
trough, from which it was transferred to a gasometer .
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In one experiment the volume of the gas (expressed
in weight equivalents of water) was found to be equal
to well over 335 livres of water . These experiments,
in the opinion of Daumas and Duveen, exceeded all
previous chemical investigations in "the perfection
of the equipment used, the scale upon which the work
was carried out, and the importance of the conclusions
to be derived from the results ."32 On 19 March,
Berthollet, who had followed these experiments
closely, wrote to Blagden of the recent keen interest
"in the beautiful discovery of Mr . Cavendish on the
composition of water," remarking that "Mr . Lavoisier
has tried to bring to this matter all the accuracy of
which it is capable ." 33 Water, all but a few intransigent
opponents were obliged to admit, was not the irre-
ducible "element" it had always been thought to be
but a compound of the oxygen principle with the
inflammable air that was soon to be baptized
"hydrogen," the begetter of water .

The demonstration of the compound nature of water
put the capstone on Lavoisier's oxygen theory of
combustion . For a number of years Lavoisier had
been reluctant to come out openly in opposition to the
phlogiston theory, nor had he been in a hurry to
publish his speculations about the nature of "aeriform
fluids" or gases . 34 Not enough evidence was at hand
to support his theory that gas was only a state which
substances acquire when they are combined with a
sufficient amount of the "matter of fire ." His studies
of heat were inspired by a desire to support what came
to be called his "caloric" theory .
In the spring of 1777 Lavoisier had enlisted the

cooperation of his young colleague at the Academy,
Laplace, in experiments on the vaporization of water,
ether, and alcohol in the evacuated receiver of an air
pump . 3 ' These experiments convinced Lavoisier that
under proper conditions of temperature and pressure,
these fluids could be converted into vapors which, like
air, existed "in a state of permanent elasticity ."
Emboldened by these results, Lavoisier presented in
November 1777 the substance of one of his most
famous papers, "Memoire sur la combustion en
general," the earliest announcement of his theory of
combustion and his first, albeit cautious, assault on the
phlogiston theory .

When Lavoisier resumed his collaboration with
Laplace in 1781, the two soon undertook (1782-1783)
a famous series of experiments, using a piece of
apparatus-the ice calorimeter-and a technique,
both suggested by Laplace . 36 With this contrivance
the heat given off by hot bodies when they cooled,
by exothermic chemical reactions, or by animals
placed within the apparatus, was measured by the
amount of water produced by the melting of ice .
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With their calorimeter Lavoisier and Laplace deter-
mined the specific heats of various substances, the
heats of formation of different compounds, and
measured the heat produced by a guinea pig confined
for several hours in their apparatus . Laplace read an
account of these experiments to the Academy on
18 June 1783 ; their classic joint "Memoire sur la
chaleur" was published as a pamphlet later that
summer and, essentially unaltered, in the Histoire et
memoires of the Academy in 1784. For Lavoisier,
certain of these experiments on heat were convincing
proof of his theory of vaporization, which held that
gases owe their aeriform, elastic state to their combi-
nation with a large amount of the "matter of fire" ;
and so the heat and light given off during combustion
must come from the fire matter released from the
"vital air" (oxygen gas) when the oxygen principle
combines with a combustible substance .

It has been argued that Lavoisier's caloric theory
merely transferred the phlogiston from the combustible
to the "vital air," and there is something to this view .
Like phlogiston, the fire matter was a weightless fluid
(or at least too tenuous to be weighed) ; nevertheless,
unlike phlogiston, which defied measurement, both
the intensity (the temperature) and the extensive
measure of the fire (the heat produced in a given
period of time) could be precisely measured . These
calorimetric experiments, together with the work on
water, seemed to Lavoisier to complete the evidence
for his theory of combustion ; and in 1786 he published
his definitive attack on the old theory, "Reflexions
sur le phlogistique ." A brilliant dialectical perfor-
mance, rightly called "one of the most notable
documents in the history of chemistry," 37 it is a
closely reasoned refutation not only of Stahl but also
of those latter-day phlogistonists, such as Macquer
and Antoine Baume, who had tried to modify Stahl's
hypothesis in the light of the new experimental
evidence .

The "Reflexions" was a personal manifesto, but it
did not serve to convince all French scientists . Some,
like Baume, like Joseph Priestley, remained recal-
citrant to the end. But the most tireless antagonist
was the physician and naturalist Jean Claude de La
Metherie. Lavoisier's exact contemporary (he was
born in September 1743), he was a prolific author of
generally wordy, often slovenly works on natural
history, natural philosophy, geology, and chemistry .
Never admitted to the Academy of Sciences, he yet
occupied an influential position, for in 1785 he became
editor of Rozier's old journal, the Observations sur la
physique. La Metherie, a devoted and uncritical
disciple of Priestley, was violently opposed to
Lavoisier's theories ; the Observations, therefore,
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which had once been so hospitable to Lavoisier,
became-to a degree-the journal of the opposition .
The years 1785-1789 nevertheless brought a

number of able chemists into Lavoisier's camp : Claude
Berthollet, who had been converted when he closely
followed the work on the decomposition and synthesis
of water ; Antoine de Fourcroy, the student of Lavoi-
sier's former collaborator Bucquet; and Guyton de
Morveau. These men, forming with Lavoisier and his
wife what we might call the "ant iphlogistic task
force," set out to convert the scientific world to the
"new chemistry." The instruments they employed
were several and well-selected-intended to attract
the young and the uncommitted .

First of all, to persuade a new generation of
chemists to join their ranks and to complete what
Lavoisier had envisaged since 1773-a revolution in
chemistry-these men brought out a collaborative
work, the Methode de nomenclature chimique (1787) .
Originally suggested by Guyton de Morveau to
eliminate the confused synonymy of chemistry, and
prefaced by a memoir of Lavoisier, it emerged as a
complete break with the past . In effect the scheme was
based upon the new discoveries and theories, a fact
that led the aging Joseph Black to complain that to
accept the new nomenclature was to accept the new
French theories. In a series of tables the Nomenclature
listed the elements (substances non decomposees),
that is, those bodies that had not been, or perhaps
could not be, decomposed. Fifty-five in number, these
simple bodies included light and Lavoisier's "matter
of fire," now called "caloric"; the elementary gases :
oxygen, nitrogen (azote), and "inflammable air," now
called hydrogen ; carbon, sulfur, and phosphorus ;
the sixteen known metals ; a long list of organic
"radicals" (i .e . acidifiable bases) ; and the as yet
undecomposed alkaline earths and alkalis . Compounds
were designated, as chemists have done ever since,
so as to indicate their constituents : the metallic
calxes were now called oxides ; the salts were given
names indicating the acid from which they are formed
(sulfates, nitrates, carbonates, and so on) . The
Nomenclature-translated into English, German,
Italian, and Spanish-was extremely influential and
widely read .

A second expression of the collective effort was
a French translation of Richard Kirwan's 1787
Essay on Phlogiston . This translation, made by Mme
Lavoisier, was published in 1788, the year after the
Nomenclature chimique, and was copiously annotated
with critical notes by members of the task force : the
chemists Guyton de Morveau, Berthollet, and
Fourcroy; the physicists and mathematicians Monge
and Laplace ; and, of course, Lavoisier himself .
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A third and most important instrument was the
establishment of a new scientific journal, edited-and
dominated-by the votaries of the "new chemistry ."
The first number of this journal, the Annales de chimie,
appeared in 1789, the year of the Revolution . Its
editors were, besides Lavoisier, his early disciples-
Guyton, Berthollet, Fourcroy, and Monge-with the
addition of three new recruits : the Strasbourg metal-
lurgist the Baron de Dietrich, Jean-Henri Hassenfratz,
and Pierre Auguste Adet .

Constituting still another, and much underestimated,
vehicle for diffusing the new ideas were the later
editions of Fourcroy's Elemens d'histoire naturelle et
de chimie . 38 Of this immensely popular work a third
edition, completely recast in terms of the "new
chemistry," was published toward the end of 1788 . A
fourth edition appeared in 1791 and a fifth in 1793 ;
it was translated into English, Italian, German, and
Spanish. Its influence cannot be exaggerated, for it was
one of the richest compendia of up-to-date chemical
fact before the appearance of Thomas Thomson's
System of Chemistry (1802) . It was, moreover, the
first work to present the whole of chemistry, as then
known, in the light of Lavoisier's doctrines and
according to the new nomenclature .
The last-and the best-known-of the propaganda

instruments was Lavoisier's classic book, Traite
elementaire de chimie (1789). The culmination of
Lavoisier's achievement, it grew out of the Nomen-
clature-indeed, it was a sort of justification of it .
Neither a general reference work nor a technical
monograph, this small work was a succinct exposition
of Lavoisier's discoveries (and those of his disciples)
and an introduction to the new way of approaching
chemistry. Significantly, it begins, after the famous
"Discours preliminaire," with an exposition of that
theory of vaporization and the states of matter which
had guided Lavoisier throughout much of his scientific
career .

The "Discours preliminaire," a defense of the new
chemistry with its new nomenclature, is also a short
essay on scientific pedagogy, and on the proper
method of scientific inquiry . The most widely read
of Lavoisier's writings, it opens with quotations from
the Logique (1780) of the Abbe de Condillac : language
is the instrument of analysis ; we cannot think without
using words ; the art of reasoning depends upon a
well-made language (fart de raisonner se reduit a une
langue bien faite) . The Traite, Lavoisier remarks in
this prefatory essay, grew out of his work on the
nomenclature which, "without my being able to
prevent it," developed into an element of chemistry .
This must be taken with a grain of salt, for in notes
set down in 1780-1781 Lavoisier had already outlined
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an elementary treatise, to be prefaced with two
preliminary discours, one of which closely resembles
the "Discours preliminaire" of 1789 and was intended
to treat the application of logic to the physical sciences,
especially chemistry . The notes for this preface, with
page reference to the Logique in the margin, cite the
same passages from Condillac that Lavoisier eventually
used in print .

The epistemological and psychological assumptions
Lavoisier outlines in the "Discours preliminaire" of
1789 are the commonplaces of eighteenth-century
thought, found not only in Condillac, but in d'Alem-
bert and in Rousseau's Emile : at birth, the mind is a
tabula rasa ; all our ideas come from the senses ;
analysis-that shibboleth of the Enlightenment-is
the only way to truth ; even a small child analyzes his
experience ; nature, through deprivation and pain,
corrects his errors in judgment .

The beginning student of physical science must
follow the path nature uses in forming the ideas of a
child. His mind must be cleared of false suppositions,
and his ideas should derive directly from experience or
observation . But a scientific Emile is not promptly
corrected by nature through the pleasure-pain
principle ; men are not punished for the hypotheses
they invent, which their amour-propre leads them
to elaborate and cling to . Because the imagination
and reason must be held in check, we must create an
artificial nature through the use of experiment .

Lavoisier gives numerous examples of the specula-
tive notions that often hamper the progress of chem-
istry . He derides the order commonly followed in
works on chemistry, which begin by treating the ele-
ments of bodies (principes des corps) and explaining
tables of affinity . This latter branch of chemistry he
acknowledges to be important (perhaps the best
calculated to make chemistry eventually a true science),
but it is not fully warranted by experiment, and is
unsuited to an elementary treatise . As to the elements,
all we can say about their nature and number amounts
to mere metaphysical talk . And if by elements we
mean those simple, indivisible particles (molecules)
that bodies are made of, it is likely that we know
nothing about them . Even the existence of his cher-
ished caloric fluid, although it explains the phenomena
of nature in a very satisfactory manner, is a mere
hypothesis .
The chief operation of chemistry is to determine

by analysis and synthesis the composition of the
various substances found in nature ; chemistry
advances toward its goal by dividing, subdividing,
and subdividing still again . If we mean by the elements
of bodies the limit reached by this subdivision, then
all the substances we are unable to decompose are to
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us as the elements out of which the other substances
are made. In the Traite these substances are called
substances simples ; yet Lavoisier confesses: "We
cannot be certain that what we regard today as
simple is really so ; all that we can say is that such a
substance is the actual limit reached by chemical
analysis, and that, in the present state of our
knowledge, it cannot be further subdivided ."
When we compare the table of substances simples

in the Traite with that given in the Nomenclature two
years earlier, we note some interesting changes . First,
the list has been drastically reduced and now contains
only thirty-three substances . Nineteen organic radicals
and the three alkalis (potash, soda, and ammonia)
have been eliminated, and with some justification .
There was increasing evidence that the organic
radicals could be broken down-in the Traite Lavoi-
sier himself reports the composition of the "acetic
radical"-and the case of the alkalis was similar . In
1785 Berthollet had shown that ammonia consists
only of hydrogen and nitrogen, and presumably
Lavoisier believed that potash and soda would also
turn out to be compounds of familiar substances .

Both in the Nomenclature and the Traite the tables
of undecomposed or simple substances are divided
into subgroups, five in the first case, four (with the
elimination of the alkalis) in the second . But in both
tables the first subgroup is distinguished from the rest .
In the Nomenclature this is made up of light, caloric,
oxygen, and hydrogen . In the Traite, nitrogen (azote)
has been added, and here for the first time these
substances are described surprisingly as "simple
substances which belong to the three kingdoms and
which one can consider as the elements of bodies."
It is curious that these five substances appear to
Lavoisier to have more claim to the status of elements
than other simple bodies, for example sulfur, phospho-
rus, carbon, or the metals .

The principal justification is revealed in a note
Lavoisier set down in 1792 where he writes : "It is not
enough for a substance to be simple, indivisible, or at
least undecomposed for us to call it an element . It is
also necessary for it to be abundantly distributed in
nature and to enter as an essential and constituent
principle in the composition of a great number of
bodies ." Wide distribution, and its presence in a
great number of compounds, qualifies a substance to
be called an element . Gold, on the other hand, is a
simple substance, yet it is not an element . But there is
something more to Lavoisier's conception of an
element : he specifically notes that such a substance
"enters as an essential and constituent principle"
in compound bodies . In the older chemistry, from
which Lavoisier is unable to free himself completely,
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the elements-the four elements of Aristotle, the tria
prima of Paracelsus, and so on-were thought of as
the bearers and the causes of the distinctive qualities
of bodies into which they enter . As we saw in dis-
cussing his theory of acids, Lavoisier had strong ties
to this "chemistry of principles ." So in his first sub-
group the substances deserving to be called elements
act in this special way . Thus caloric is the "principle"
that accounts for a body's physical state . Oxygen, of
course, conveys acidity. Hydrogen is the producer of
water, that essential substance found in all the realms
of nature. But what of light and of nitrogen? Lavoisier
never quite satisfied himself about the nature of light,
but he knew from the work of Ingenhousz and
Sennebier that light plays an essential part in the
gaseous chemistry of vegetation, a matter to which
he alluded in a remarkable speculative paper he
published in 1788 . Nitrogen, to be sure, is everywhere
in the earth's atmosphere and is widely distributed in
animal and vegetable substances . But was this
sufficient reason for Lavoisier to elevate it to the
dignity of an "element" of the first subgroup? Quite
possibly he gave it this higher status because lie tended
to think, on the basis of Berthollet's analysis of
ammonia, that nitrogen might be the "principle" of
all alkalis, what Fourcroy would have liked to call
"alkaligene."

Lavoisier's Traite, albeit an elementary textbook,
contains important material much of which he had
not previously published, notably his pioneer ex-
periments on the combustion analysis of organic
compounds and on the phenomenon of alcoholic
fermentation, which impressed him as "one of the
most striking and the most extraordinary" effects
observed by the chemist . He was aware that the
combustion of substances of vegetable origin, such as
sugar and alcohol, yielded water and carbon dioxide ;
but he was convinced that these compounds did not
exist preformed in the substances burned-which,
however, do contain the elements hydrogen, oxygen,
and carbon . Lavoisier's first combustion analyses
involved burning various oils in a rather complicated
apparatus shown in one of the plates of the Traite. A
simpler contrivance was devised for the combustion
of highly volatile substances like alcohol and ether .
In his analysis of alcohol he determined the ratio of
hydrogen to carbon by weight to be 3 .6 to 1, not far
from the correct value of 4 to 1 .

Like his immediate predecessors-Macquer, for
example-Lavoisier distinguished three kinds of
fermentation : vinous or spirituous fermentation, acid
or acetous fermentation (such as produces acetic
acid), and putrid fermentation . He did not speculate
about the underlying cause of these processes, although
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he took for granted the existence of some sort of
"ferment," but confined himself to the chemical
changes. Vinous or alcoholic fermentation, marked by
a violent intestine motion, he saw to be a chemical
reaction involving rearrangement of the three essential
organic "principles" : oxygen, hydrogen, and carbon .
He assumed an equality or "equation" 39 between the
amount of these elements in the original sugar and
the amount in the end products : alcohol, carbon
dioxide, and acetic acid . His experiments seemed to
bear out his assumption . His data, however, were
wholly unreliable, although the end result was correct .
As Arthur Harden put it: "The research must be re-
garded as one of those remarkable instances in which
the genius of the investigator triumphs over experi-
mental deficiencies." The numbers reveal grave errors,
and "it was only by a fortunate compensation of
these that a result as near the truth was attained .`10

In describing his work on fermentation in chapter
XIII of the Traite, Lavoisier stated most clearly his
principle of the conservation of matter in chemical
reactions :

Nothing is created either in the operations of the
laboratory, or in those of nature, and one can affirm as
an axiom that, in every operation, there is an equal
quantity of matter before and after the operation ; that
the quality and quantity of the principles are the same,
and that there are only alterations and modifications .
On this axiom is founded the whole art of making
experiments in chemistry : we must suppose in all of
them a true equality or equation between the principles
of the body one examines, and those that we extract
[retire] by analysis ."

Despite his prolonged interest in the chemistry of
respiration, which had preoccupied him on and off
since his earliest work on combustion, Lavoisier
deliberately omitted all references to the subject in
his Traite elemiemtaire de chimie . When in his earliest
experiments on different kinds of air Lavoisier
exposed small animals to these gases, it was less to
explore the phenomenon of respiration than to charac-
terize the gases . He was already aware that "fixed air"
asphyxiated animals and that atmospheric air,
"corrupted and infected" by the respiration of man or
animals, takes on the character of "fixed air ." In his
Opuscules physiques et chimiques, where he summarized
Priestley's experiments and recounted his own,
Lavoisier advanced a physical, rather than a chemical,
explanation of respiration . The role of atmospheric
air, he then believed, is to inflate the lungs ; "fixed air"
is unable to do this because, being highly soluble
in water, it is taken up by the moisture of the lungs
"and suddenly loses its elasticity ." In an atmosphere
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of "fixed air," therefore, the action of the lung is
suspended and the animal suffocates .''

It was only after his first experiments with "de-
phlogisticated air" (oxygen) and his discovery that,
far from killing animals, this gas "seemed, on the
contrary, better fitted to sustain their respiration" 13

than ordinary air, that Lavoisier turned to the problem
of respiration: it had now become a problem of
physiological chemistry . His earliest experiments were
carried out at the Chateau de Montigny with his friend
Trudaine de Montigny during the Academy's vacation
(October 1776) ." He read the results at the Easter
public session on 9 April 1777, under the title
"Memoire sur les changements que le sang eprouve
dans les poumons et sur le mecanisme de la respira-
tion . 114 " By this time he could assert that respiration
involved only the air eminemment respirable (oxygen),
and that the remainder of the air is purely passive,
entering and leaving the lung unchanged . In the
course of respiration animals take in the air eminemi-
memt respirable, which is either converted into acide
crayeux aeriJbrme (carbon dioxide) or is exchanged
in the lung, the oxygen being absorbed and an
approximately equal volume of carbon dioxide being
supplied by the lung. Lavoisier tended to favor the
first alternative . Indeed, in that same year, in his
"Memoire sur la combustion en general," he suggests
in a concluding paragraph that this reaction is
similar to the combustion of carbon and must be
accompanied by the release of a certain amount of the
matter of fire . This, he points out, may account for the
production of animal heat .' , A persuasive argument
seemed to him to be that, just as the calcination of
mercury and lead results in red powders, so the
absorption of oxygen gives a bright red color to
arterial blood .

The calorimeter provided a new instrument for the
quantitative study of animal heat and the verification
of Lavoisier's combustion theory of respiration . In a
famous experiment with Laplace they measured the
heat produced by a guinea pig exhaling a given amount
of carbon dioxide, comparing this figure with the heat
of formation of the same amount of carbon dioxide
produced by burning carbon in an atmosphere of
oxygen . But the results showed a significant discrep-
ancy : more heat was produced by the guinea pig than
by the burning of carbon. It was soon discovered that
the experimental animals gave off less carbon dioxide
than the intake of oxygen had led them to expect .
In a paper read before the Royal Society of Medicine
in February 1785, Lavoisier argued that either some
of the oxygen unites with the blood or it combines
with hydrogen to form water ." Although not fully
convinced, Lavoisier favored the second alternative ;
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and in his last experiments, carried out in cooperation
with Armand Seguin, he assumed that both carbon
dioxide and water were produced . The collaborative
work was begun in 1789 and reported to the Academy
late in 1790 and in 1791 . These experiments were
more genuinely physiological than Lavoisier's early
ones. Lavoisier and Seguin found that the quantity of
oxygen consumed increases with the temperature and
is greater during digestion and exercise . The com-
bustion, according to their findings, occurs in the lung,
more specifically in its tubules, into which the blood
secretes a "humor" composed of carbon and hydrogen .
Understandably, the pressure of events during the
Revolution left Lavoisier little time for scientific
work ; experiments begun collaboratively were in some
cases left for Seguin to complete . Our most vivid
record of these last experiments are the drawings
made by Mme Lavoisier showing Seguin, his face
covered by a mask, breathing air or oxygen to
determine the amount consumed when at rest or at
work .

The range of Lavoisier's activity is hard for lesser
talents and less rigidly disciplined personalities to
comprehend . To carry on his multifarious public
responsibilities without neglecting his beloved science
required a rigid and inflexible schedule . Mme La-
voisier tells us that lie rose at six in the morning,
worked at his science until eight and again in the
evening from seven until ten . The rest of the day was
devoted to the business of the Ferme Generale, the
Gunpowder Administration, and meetings of the
Academy of Sciences and of its numerous special
committees. One day a week, his jour de bonheur, he
devoted entirely to scientific experiments . 48

Lavoisier rose steadily in the hierarchy of the
Academy of Sciences . In August 1772 he was promoted
to the rank of associate (associe chimiste) ; he reached
the top rank of pensionnaire in 1778 . He served on a
number of those committees set up at the request of
the royal government to investigate matters of
public concern . Among the most notable of these
committees were those formed to investigate the
condition of the prisons and hospitals of Paris and one,
on which Lavoisier served with Benjamin Franklin,
charged with investigating Mesmer's cures by what
he called "animal magnetism ."
Nor were his responsibilities confined to his

official duties . Lavoisier's father, shortly before his
death, purchased one of those honorific offices that
carried with it the privilege of hereditary nobility .
The title devolved on Lavoisier in 1775, and not long
afterward he purchased the country estate of Fre-
chines, near Blois. Here lie carried on agricultural
experiments, chiefly concerned with the improvement
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of livestock, which he reported to the Royal Agri-
cultural Society of Paris (to which he had been elected
in 1783) and to the government's Committee on
Agriculture, established soon after by Calonne, the
minister of finance (controleur general) .
In sympathy with much of the criticism leveled

against the Ancien Regime, Lavoisier shared many of
the ideas of the philosophes and was closely associated
with Pierre Samuel Dupont de Nemours and other
physiocrats . Politically liberal, and almost certainly a
Freemason, he took an active part in the events leading
to the Revolution . In 1787 he was chosen a represen-
tative of the third estate at the provincial assembly
of the Orleanais, the province in which he was a
landowner. He served on the important standing
committee (bureau) that dealt with social conditions
and agriculture; he wrote reports on the corvee, on
charitable foundations, and on trade ; and he was
responsible for many far-reaching proposals : schemes
for old-age insurance, charity workshops to give
employment to the poor, and tax reform .

When, after a lapse of nearly two centuries, the
famous Estates-General was brought into being once
again to deal with France's mounting problems,
Lavoisier was chosen as alternate deputy for the
nobility of Blois ; as secretary, he drafted their bill
(cahier) of grievances, a remarkably liberal document
that embodied many of his earlier proposals . Although
he never served in the National Assembly, multiple
activities occupied him during the years of the
Revolution . He was elected to the Commune of Paris
and took his turn with the National Guard . He joined
the most moderate of the revolutionary clubs, the
short-lived Society of 1789 . For this self-appointed
planning group, whose members included Condorcet,
the economist Pierre Samuel Dupont de Nemours,
and the famous Abbe Sieyes, Lavoisier prepared his
important paper on the assignats, pointing to the
problems inherent in issuing paper money . Because
of his mastery of financial matters, he was made a
director of the Discount Bank (Caisse d'Escompte),
established in 1776 by his friend Turgot ; became an
administrator of the national treasury ; and in 1791
published a long report on the state of French
finances . In the same year he brought out a classic
statistical study of the agricultural resources of the
country . 49 For the recently created Advisory Bureau
for the Arts and Trades (Bureau de Consultation des
Arts et Metiers) he helped draft, along with others, an
elaborate scheme for the reform of the national
educational system of France, based largely, to be
sure, on ideas already put forward by Condorcet .

Unhappy at the leftward thrust of the Revolution,
Lavoisier nevertheless remained loyal to his country .
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In these critical years he was active in the Academy of
Sciences, (he served as its treasurer from 1791 until the
abolition of that body), and took an important part in
the most enduring of its accomplishments: the
establishment of the metric system of weights and
measures . 50 Until his arrest he was engaged, in
collaboration with the crystallographer Rene-Just
Hauy, in establishing the metric unit of mass (the
gram). Together they measured with high precision
the weight of a given volume of distilled water at
different temperatures .

Despite his eminence and his services to science and
to France, Lavoisier was the target of increasingly
violent attacks by radical journalists like Jean-Paul
Marat . One after another the institutions with which
Lavoisier had been associated changed form or were
abolished. He was removed from his post in the
Gunpowder Administration in 1791 but remained at
the Arsenal until 1793, when he severed all connections
with the Regie . That year brought the Reign of
Terror, the abolition of the Discount Bank and the
suppression of all the royal learned societies, including
the Academy of Sciences .

In 1791 the National Assembly had abolished the
unpopular Ferme Generale and set up a committee of
experts from it (which did not include Lavoisier)
charged with liquidating its affairs . This committee
made slow progress and was accused of delaying
tactics. On 24 December 1793 an order went out for
the arrest of all the farmers-general. Lavoisier and his
father-in-law were imprisoned with the others . All
were tried by the Revolutionary Tribunal on the
morning of 8 May 1794 . They were convicted and
executed on the guillotine that same afternoon . The
story is told that Lavoisier appealed at his trial for
time to complete some scientific work and that the
presiding judge replied, "The Republic has no need
of scientists." The story is apocryphal . 51 Authentic,
however, is the remark attributed to Lagrange, the
day after Lavoisier's execution : "It took them only
an instant to cut off that head, and a hundred years
may not produce another like it ."

NOTES

1 . For Lavoisier's genealogy, see Edouard Grimaux, Lavoi-
sier, 2nd ed ., p . 326 .

2. Now the rue Pecquay . See Jacques Hillairet, Dictionnaire
historique des rues de Paris, 3d ed . (Paris, 1966), II, 250 . The
Turgot plan of Paris (1739) shows the cul-de-sac "Pequet"
opening from the rue des Blancs-Manteaux, not far from
the Palais Soubise (the present Archives Nationales) . By
Piganiol de la Force it was called "Cul-de-sac Pequai ou
de Novion dans la rue des Blancs-Manteaux," in Descrip-
tion de Paris (Paris, 1742), 427 .

3 . Grimaux erroneously called it the rue du Four Saint-
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Eustache; its name was simply rue du Four, or rue du Four-
Saint Honore, although to distinguish it from the rue du
Four on the Left Bank, letters to residents were sometimes
addressed "rue du Four St . Honore pres St. Eustache ." It
is now the rue de Vauvilliers, running from the rue Saint
Honor-6 to the rue Coquilliere .

4. Not published in Lavoisier's lifetime, the piece on the
aurora is printed in Oeuvres de Lavoisier, IV, 1-7.

5 . Lavoisier papers, archives of the Academy of Sciences,
dossier 424 . Cited by Rhoda Rappaport in "Lavoisier's
Geologic Activities," in Isis, 58 (1968), 377 .

6 . Oeuvres de Lavoisier-Correspondance, fasc . 1, 1-3 .
7. Guettard, "Memoire qui renferme des observations mine-

ralogiques," cited by Rappaport, loc. cit ., p . 376 .
8 . Guettard, "Memoire sur la maniere d'etudier la mineralo-

gie," cited by Rappaport, ibid .
9 . For a general appraisal of Rouelle and his course in chem-

istry, see Rhoda Rappaport, "G .-F . Rouelle : An Eighteenth-
Century Chemist and Teacher," in Chyrnia, 6 (1960), 68-101 .

10 . Oeuvres de Lavoisier, 111, 112.
11 . The full title of this publication is Memoires de mathematique

et de physique, presentes a 1'Academie royale des sciences,
par divers saran et las daps ses assemblees .

12 . These unsigned letters, which have puzzled scholars, are
printed in Oeuvres de Lavoisier Correspondance, fast . I,
7-10, repr . from Oeuvres de Lavoisier, IV, 561-563 .

13 . The Agricola title page, with Lavoisier's inscription, is
reproduced as pl . I of Denis I . Duveen, Bibliotheca alche-
mica et chemica (London, 1949) . The book itself is now in
the Lavoisier Collection at Cornell University .

14. For the early history of the powder industry in France, see
Regis Payan, L'wolution d'un monopole : L'industrie des
poudres avant la loi du 13 fructidor an V (Paris, 1934) . The
regie was established by Turgot to replace the earlier ferme .
See Douglas Dakin, Turgot (London, 1939), 164-166 ; and
Edgar Faure, La disgrace de Turgot (Paris, 1961), 108-110 .

15 . In a paper entitled "De la maniere de composer des feux
d'artifices colores en bleu et en jaune," deposited as a sealed
note on 14 May 1768 . See Oeuvres de Lavoisier-Correspon-
dance, fasc . 1, 107-108 . A significant reference by Lavoisier
to the ideas of Hales about the fixation of air appeared in a
paper of the same year . See J . B . Gough, "Lavoisier's Early
Career in Science," in British Journalfor the History ofScience,
4 (1968), 52-57 . More detailed early references to Hales's
experiments are given in Lavoisier's "Sur la nature de
I'eau," published in 1773, and in his Opuscules physiques et
chimiques of 1774 .

16 . This famous phrase appears in Lavoisier's pli cachete of
1 Nov. 1772. Repro. in Henry Guerlac, Lavoisier-The
Crucial Year (Ithaca, N.Y ., 1961), 227-228 . In an important
paper Robert E . Kohler, Jr ., noting that Lavoisier's words
suggest surprise, argues that the experiments on phosphorus
and sulfur were simply to determine whether air enters into
the composition of acids, as the Abbe Rozier had suggested,
and were not guided by a primary interest in calcination .
Only after his work on phosphorus and sulfur was Lavoisier
led to wonder whether the addition of air might not explain
the increase in weight of metallic calxes . This indeed is what
Lavoisier tells us . See Kohler's "The Origin of Lavoisier's
First Experiments on Combustion," in Isis, 63 (1972), 349-
355 .

17 . The first of these translations, a precis raisonne of a memoir
by a follower of Joseph Black, N . J . von Jacquin, was pub-
lished in Rozier's Observations sur la physique in February
1773. Translations of Joseph Black's classic paper on
magnesia alba, Joseph Priestley's "Observations on Differ-
ent Kinds of Air," and Daniel Rutherford's paper on
mephitic air (nitrogen) appeared in the spring and early
summer in the same journal .

18 . On this question, see a paper by C . E . Perrin, "Prelude to
Lavoisier's Theory of Calcination-Some Observations on
mercurius calcinatus per se," in Ambix, 16 (1969), 140-151 .
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19. In September 1774 the Swedish chemist Scheele communi-
cated to Lavoisier a method of making oxygen by heating a
preparation of silver carbonate . This letter was not pub-
lished in Oeuvres de Laroisicr Correspoadartce, fasc . It .
See Uno Boklund, "A Lost Letter From Scheele to Lavoi-
sier," in Lechnos (1957), 39-62 . Boklund virtually accused
the French scholars, including Rene Fric, of suppressing the
letter so as to give all credit to Lavoisier, although he was
aware that Grimaux had published this letter long before,
as "Une lettre inedite de Scheele a Lavoisier," in Revue
ge,e'rale des sciences pores et appliquc%es, 1 (1890), I-2 . In
any case Lavoisier seems to have been too preoccupied with
other matters to follow up Scheele's suggestion .

20. M. Berthelot, La revolution chimique, 264-265 .
21 . See letters of Magellan (or Magalhaens) to Lavoisier in

Oeuvres de Laroisicr-Correspondance, fasc . 11, 504-508 .
22 . Berthclot, op . cit ., p . 271 .
23 . Much of this section is dependent upon Maurice Crosland's

article "Lavoisier's Theory of Acidity," in press .
24 . Oeuvres de Lavoisier, 1, 482 .
25 . In a paper published in the Histoire et menroires of the

Academy in 1784, Lavoisier adopted, at the suggestion of
Condorcet, the term air vital for what he had previously
called (after Priestley) "dephlogisticated air" or "eminently
respirable air ." Oeuvres de Lavoisier, II, 263 .

26 . Originally a term used by Van Helmont to signify "a Spirit
that will not coagulate," it was applied particularly to
noxious vapors like firedamp . In the 1st ed . (1766) of his
Dictionrraire de c ©h i,rie, P . J . Macquer applied the term to
"the volatile invisible parts which escape from certain
bodies," for example, "the noxious vapors which rise from
burning charcoal, and from matters undergoing spirituous
fermentations ." But in the 2nd ed . (1778) of the Diclionnaire
he applied the word generally to aeriform fluids . See, for
example, the articles "Gas ou air dephlogistique" and "Gas
mephytique ou air fixe ." In the same year Jean Bucquet
included in his Mc%,noire stir la nroriere dont les aninmux
sort aflectes par dif`%rens Fluides Aerifornies an introductory
section entitled "Histoire abrege des diflcrens Fluides aeri-
formes ou Gas ." The spelling used by both men is "gas,"
not "gaz ." It is possible that this generalized use of the
term "gas" may have been influenced by the second edition
(1777) of James Keir's trans . of the first ed . of Macquer's
Dietiomraire to which Keir appends A Treatise on the
Various Kinds of Permanently' Elastic Fluids, or Gases . A
MS French translation of this treatise survives among
Lavoisier's papers .

27 . Writings of Benjamin Franklin, Albert Henry Smyth, ed .,
VIII (1906), 314 .

28 . Observations sur la physique, 23 (1783), 452-455 . The paper
is entitled "Extrait d'un memoire ]it par M . Lavoisier, a la
seance publique de l'Academie royale des sciences, du
12 novembre, sur la nature de I'eau ."

29. By C . E . Perrin . See his "Lavoisier, Monge and the Syn-
thesis of Water," to appear in British Journal for the History
of Science .

30 . Oeuvres do Laroisicr, II, 334-359. Lavoisier notes that
certain additions were made relative to the work done with
Meusnier .

31 . Ibid ., Ill, 733 . See Benjamin Franklin's letters to Sir Joseph
Banks, Writings o/' Benjamin Franklin, IX (1906), 79-85,
105-107, 113-117, and 119-121 . On 16 September 1783
Franklin wrote to Richard Price : "All the Conversation
here at present turns upon the Balloons fill'd with light
inflammable Air, and the means of managing them, so to
give men the Advantage of Flying ." Ibid., pp . 99-100 .

32. Maurice Daumas and Denis I. Duveen, "Lavoisier's Rela-
tively Unknown Large-Scale Decomposition and Synthesis
of Water," in Chrnua, 5 (1959), 126-127 .

33 . Ibid., 127 .
34. Two anonymous attacks on the phlogiston theory published

in Rozier's Observations sur la physique in 1773 and 1774
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have been widely attributed to Lavoisier-for example, by
Berthelot, McKie, and Duveen . For arguments against
Lavoisier's authorship and suggestions of likely alternatives,
see Carleton Perrin, "Early Opposition to the Phlogiston
Theory : Two Anonymous Attacks," in British Journal for
the History of Science, 5 (1970), 128-144 .

35 . Henry Guerlac, "Laplace's Collaboration With Lavoisier,"
in Actes du XII'' Congres international d'histoire cles sciences,
Paris, 1968, III B (Paris, 1971), 31-36 .

36. Mine Lavoisier's drawing of the ice calorimeter is given in
pl . V I of Lavoisier's Traitc elenrentaire de chimie . Two
versions have survived and are in the collection of the
Conservatoire des Arts et Metiers in Paris . It has not been
possible to determine with certainty which of Lavoisier's
artisans built the calorimeters, but it was probably a tinsmith
named Naudin. See Maurice Daumas, Lavoisier theoricien
et expcrimentateur (1955), p . 142 and notes . and the illus-
trations in his "Les appareils d'experimentation de Lavoi-
sier," in Chymia, 3 (1950), 45-62, fig . 3 .

37 . Douglas McKie, Antoine Lavoisier (London-Philadelphia,
1935), p . 220 .

38 . For Fourcroy, and his relations with Lavoisier, see W . A .
Smeaton, Fourc ©rgy, Chemist and Revolutionary, 1755-1809
(Cambridge, 1962) .

39 . J . R . Partington calls this the first use of the word "equa-
tion" in our modern sense of "chemical equation ." Lavoi-
sier's example is : must of grapes carbonic acid + alcohol .
See Partington's History of Chemistry, 111, 480 .

40. Arthur Harden, Alcoholic Fermentation (London, 1911),
p. 3 . Partington has remarked (History of Chemistry, III,
p. 376) that Lavoisier "aimed at accurate results, but seldom
achieved them ." Guichard (Essai historique sur les mesures
ctr clinic [Paris, 19371, 54-60), after examining Lavoisier's
numerical results, judged his precision extremely variable ;
indeed in the later, more complicated experiments the
accuracy was less than in the earliest ones. Yet Lavoisier
repeatedly stressed the importance of quantitative accuracy .
In the Traite he writes : "La determination du poids des
matieres et des produits, avant et apres les experiences,
etant la base de tout ce qu'on peut faire d'utile et d'exact
en chimie, on tie saurait y apporter trop d'exactitude"
(Oeuvres de Lavoisier, 1, 251); elsewhere he writes "Rien
n'est suppose dans ces explications, tout est prouve, le poids
et la mesure a la main" (ibid., V, 270) .

41 . Oeuvres de Latoisier, 1, 101 . The axiom that matter is
neither created nor destroyed originated with the atomists
of antiquity . It was clearly stated by Mariotte in his Essai
de logique (1678) and was a common assumption of eigh-
teenth-century scientists . But Lavoisier deserves credit for
applying it specifically to the operations of the chemist and
for spelling out a law of the conservation of matter in
chemical reactions .

42 . Ibid., 520-521, 625-627 .
43 . "Memoire sur la nature du Principe qui se combine avec

les metaux pendant leur calcination, et qui en augmente le
poids," in Observations sur la physique, 5 (1775), 433 .

44 . Berthelot, op . cit ., 290-291 .
45 . Cited from the ProcCs-rerbau .v of the Academy of Sciences

by Maurice Daumas, in Lavoisier, throric ©ien et experimen-
tateur, p . 38 . Daumas says this remained unpublished, yet
it was almost certainly published, with the inevitable modi-
fications, in 1780 as "Experiences sur la respiration des
animaux." See Oeuvres de Lcrcoisier, 11, 174-183 .

46 . Ibid., 232 .
47. "Alterations qu'eprouve I'air respire," ihid., 676-687 .
48. Charles C . Gillispie, "Notice biographique de Lavoisier par

Madame Lavoisier," in Revue d'lnstoire des sciences et de
/curs applications, 9 (1956), 57 .

49 . Risultctts extrcrits d'un ouvrage intitrde : De la richesse terri-
toriale dry royaume de France (Paris, 1791). Together with
other of Lavoisier's economic writings this is printed in
G. Schelle and E . Grimaux, Lcrcoisier-statique agricole et
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projets de refornnes (Paris, 1894) . See also Oeuvres de Lavoi-
sier, V1, 403-463 .

50. For Lavoisier's role in the attempts to reform the Academy,
and the political struggles within that body, see Roger Hahn,
The Anatomy of a Scientific Institution (Berkeley-Los
Angeles, 1971), especially chapters 8 and 9 .

51 . J . Guillaume, "Un mot legendaire : 'La Republique n'a pas
besoin de savants,'" in Revolution fransaise, 38 (1900),
385-399, and Etudes revolutionnaires, 1st ser . (Paris, 1908),
pp. 136-155 .
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de Lavoisier, 6 vols . (Paris, 1862-1893) . The first 4 vols .
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humous reissue of the 1st ed. was published in 1801 ; the
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Lavoisier's work in Italy, see lcilio Guareschi, "Lavoisier,
sua vita e sue opere," in Supplemento annuale alla Enciclo-
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the Traits elementaire de chirnie (Paris, 1789), a book that
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1798) .
About 1792 Lavoisier planned a complete ed . of his

memoirs in 8 vols . ; also to be included were papers by
some of his disciples . The posthumous Mernoires do chirnie,
printed in 2 vols. for Mme Lavoisier from incomplete
proofs partially corrected by Lavoisier, is all that resulted
from this project . The vols. are undated (there are no
title pages, only half titles), and they were not commer-
cially published; Mme Lavoisier presented copies to
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assigns the year 1805 to this work, it was circulating two
years earlier when, as J . R. Partington has shown,
Berthollet quoted it by vol . and pg. The Mernoires, not
repr . i n the Oeuvres, includes reprints and revisions of
previously published papers, as well as hitherto unpub-
lished results, such as experiments carried out toward the
close of his collaboration with Laplace in 1783-1784 on
problems related to heat . There are several papers by
Lavoisier's latter-day collaborator, Armand Seguin .

The chief repository of Lavoisier manuscripts is the
Academic des Sciences in Paris, in whose archives one can
consult Lavoisier's laboratory notebooks and some twenty
cartons containing drafts of scientific papers, academy
reports, and so on . There are important letters in the
Collection de Chazelles in the city library of Clermont-
Ferrand, and other manuscripts, notably letters, in the
possession of Count Guy de Chabrol . Microfilms of the
letters and other documents in the Fonds Chabrol are
available in the archives of the Academic des Sciences, as
is also a xerographic copy of the second laboratory note-
book (registre) for the period 9 September 1773 to
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5 March 1774. This had been given by Francois Arago to
the library of Perpignan, and for a time was believed lost .
See the Comptes rendus des seances de 1'Academie des
sciences, 135 (1902), 549-557 and 574-575 . There are
scattered documents in various provincial libraries in
France, notably Orleans, and important material in the
Archives Nationales, chiefly dealing with the period of the
Revolution . The Bibliotheque Nationale has little to offer,
except Fr. nouv. acq . 5153, which is an account of Lavoi-
sier's repetition of his classic early experiments before an
Academy committee. The Lavoisier Collection in the Olin
Library of Cornell University was originally assembled by
Denis I. Duveen . Besides a number of manuscripts, many
books from Lavoisier's own library with his ex libris, this
includes the most nearly complete assemblage of the books
and pamphlets published by Lavoisier, and in nearly all
the known editions and variants .

11 . SECONDARY LITERATURE . The earliest biographical
sketches of Lavoisier appeared in the early days of the
Directory : Joseph Jerome Lalande, "Notice sur la vie et
les ouvrages de Lavoisier," in Magasin encyclopedique, 5
(1795), 174-188, English trans . i n Philosophical Magazine,
9 (1801), 78-85 ; and Antoine Francois de Fourcroy, Notice
sur la vie et les travaux de Lavoisier (Paris, 1796) . Other
early sketches are Thomas Thomson, "Biographical
Account of M. Lavoisier," in Annals of Philosophy, 2
(1813), 81-92 ; and Georges Cuvier, "Lavoisier," in
L . G. Michaud, ed ., Biographic universelle, new ed. (Paris,
1854-1865), XXIII, 414-418, based in part on information,
much of it inaccurate, supplied by Lavoisier's widow . See
Charles C. Gillispie, "Notice biographique de Lavoisier
par Madame Lavoisier," in Revue d'histoire des sciences
et de leers applications, 9 (1956), 52-61 . The standard
biography is Edouard Grimaux, Lavoisier 1743-1795,
d'apres so correspondance, ses nmnuscrits, ses papiers de
famille et d'autres documents inedits (Paris, 1888 ; 2nd ed .,
1896; 3rd ed ., 1899) . No trans . was ever published, and
most subsequent biographies have relied heavily upon
Grimaux-for example, Mary Louise Foster, Life of
Lavoisier (Northampton, Mass ., 1926) ; J. A. Cochrane,
Lavoisier (London, 1931) ; and Douglas McKie, Antoine
Lavoisier (London-New York, 1952) . For a general
appraisal of this literature, see Henry Guerlac, "Lavoisier
and His Biographers," in Isis, 45 (1954), 51-62 . A readable
study, which makes use of some recent research, is Leon
Velluz, Vie de Lavoisier (Paris, 1966) . Short but informa-
tive is Lucien Scheler, Lavoisier et le principe chimique
(Paris, 1964) .

There have been a number of general investigations of
Lavoisier's work in chemistry . The pioneer study is surely
the IVe Lecon of J.-B . Dumas, Lefons sur la philosophic
chimique professees au College de France (Paris, n .d ., but
certainly 1836, the year the lectures were delivered) . A
second edition, an unaltered reprint, appeared in 1878 .
Still valuable, especially for its excerpts and paraphrases
from Lavoisier's laboratory notebooks, is Marcelin Ber-
thelot, La revolution chimique-Lavoisier (Paris, 1890,
2nd ed., 1902) . Douglas McKie, Antoine Lavoisier, the
Father of Modern Chemistry (Philadelphia, 1935), owes
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much to the pioneer work of Andrew Norman Meldrum
(see below). In the same year appeared Helene Metzger's
classic La philosophic de la matiere chez Lavoisier (Paris,
1935). Worth consulting is Sir Harold Hartley, "Antoine
Laurent Lavoisier, 26 August 1743-8 May 1794," in Pro-
ceedings of the Royal Society, 189A (1947), 427-456 .
Extremely valuable for the use made of the proces-verbaux
of the Academy of Sciences and other unpublished docu-
ments relating to Lavoisier's work is Maui-ice Daumas,
Lavoisier, theoricien et experimentateur (Paris, 1955). An
elaborate treatment of Lavoisier's achievements is given by
J . R. Partington, A History of Chemistry, III, ch. IX. A
general review of the state of Lavoisier studies is given by
W. A. Smeaton, "New Light on Lavoisier : The Research of
the Last Ten Years," in History of Science, 2 (1963), 51-69 .

For eighteenth-century chemical theory before Lavoisier
the classic studies are Helene Metzger, Les Doctrines chi-
miques en France du debut du XVIP a la fin du XVIIIe siecle
(Paris, 1923) and her Newton, Stahl, Boerhaave et la doc-
trine chimique (Paris, 1930) . The technological background
is described in Henry Guerlac, "Some French Antecedents
of the Chemical Revolution," in Chymia, 5 (1959), 73-112 .
For Lavoisier's teacher of chemistry, see Rhoda Rappa-
port, "G . F . Rouelle : An Eighteenth-Century Chemist and
Teacher," ibid., 6 (1960), 68-101, and her "Rouelle and
Stahl-The Phlogistic Revolution in France," ibid ., 7
(1961), 73-102 . A different emphasis is found in Martin
Fichman, "French Stahlism and Chemical Studies of Air,
1750-1779," in Ambix, 18 (1971), 94-122 .

Studies of special aspects of Lavoisier's chemical research
abound. For the early stages of his career, see A . N. Mel-
drum, "Lavoisier's Early Work on Science, 1763-1771,"
in Isis, 19 (1933), 330-363 ; 20 (1934), 396-425 ; and his
"Lavoisier's Work on the Nature of Water and the Sup-
posed Transmutation of Water Into Earth (1768-1773),"
in Archeion, 14 (1932), 246-247 . These studies have been
corrected or amplified by Henry Guerlac, "A Note on
Lavoisier's Scientific Education," in Isis, 47 (1956), 211-
216 ; by Rhoda Rappaport, "Lavoisier's Geologic Activi-
ties, 1763-1792," ibid., 58 (1968), 375-384 ; and by J . B .
Gough, "Lavoisier's Early Career in Science, an Examina-
tion of Some New Evidence," in British Journal for the
History of Science, 4 (1968), 52-57, who was the first to
identify (correcting Daumas) Lavoisier's notes from Eller
and to see their significance for Lavoisier's theory of heat
and vaporization. Consult also W . A. Smeaton, "L'avant-
coureur, the Journal in Which Some of Lavoisier's Earliest
Research Was Reported," in Annals of Science, 13 (1957),
219-234. This article actually appeared in 1959 . There is
useful information in E . McDonald, "The Collaboration
of Bucquet and Lavoisier," in Ambix, 13 (1966), 74-84 .

For Lavoisier's first experiments on combustion, the
pioneer work of A . N . Meldrum, The Eighteenth Century
Revolution in Science-The First Phase (Calcutta-London-
New York, n .d . [1930]), is classic . See too his "Lavoisier's
Three Notes on Combustion : 1772," in Archeion, 14 (1932),
15-30; also Max Speter, "Die entdeckte Lavoisier-Note
vom 20 Oktober 1772," in Zeitschrift fur angewandte
Chemie, 45 (1932); his "Kritisches uber die Entstehung
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von Lavoisiers System," ibid., 39 (1926), 578-582; and his
article "Lavoisier," in Gunther Bugge, ed ., Das Bitch der
grossen Chenriker (Berlin, 1929), I, 304-333 . For new light
on the famous sealed note, see Henry Guerlac, "A Curious
Lavoisier Episode," in Ch ynnia, 7 (1961), 103-108 . For the
research leading up to Lavoisier's investigations in the
autumn of 1772, see Guerlac, Lavoisier-The Crucial Year
(Ithaca, N.Y ., 1961), where the basic documents are
reproduced in the app . For a reassessment see Robert E .
Kohler, Jr., "The Origin of Lavoisier's First Experiments
on Combustion," in Isis, 63 (1972), 349-355 . The discovery
of oxygen, and the influence of Priestley upon Lavoisier,
are treated by Meldrum, Eighteenth Century Revolution in
Science, chap . 5 ; by Sir Philip Hartog, "The Newer Views
of Priestley and Lavoisier," in Annals of Science, 5 (1941),
1-56 ; and by Sidney J . French, "The Chemical Revolu-
tion-The Second Phase," in Journal of Chemical Educa-
tion, 27 (1950), 83-88 . C. E . Perrin, "Prelude to Lavoisier's
Theory of Calcination Some Observations on Mercurius
Calcinatus per se," in Anibix, 16 (1969), 140-151, casts
new light on Lavoisier's possible debt to Priestley and to
Pierre Bayen .

For the stages in the preparation of Lavoisier's most
famous book see Maurice Daumas, "L'elaboration du
Traite de Chinue de Lavoisier," in Archives internationales
d'histoire des sciences, 29 (1950), 570-590 . For Lavoisier's
attitude towards affinity theories see Daumas, "Les con-
ceptions sur les affinites chimiques et la constitution de la
matiere," in Thales (1949-1950), 69-80. Both these papers
discuss unpublished notes for a work Lavoisier did not
live to undertake seriously, to be entitled "Cours de chimie
experimentale" or "Cours de philosophic exp6ri men tale ."
A provocative paper on the famous "Discours prelimi-
naire" is Robert Delhez, "Revolution chimique et Revo-
lution francaise : Le Discours prelinninaire au Traite elemen-
taire de chimie de Lavoisier," in Revue des questions scien-
tifiques, 143 (1972), 3-26 .

Lavoisier's early theory of the elements and of the aeri-
form state of matter has been the focus of recent investiga-
tions . Guerlac, in "A Lost Memoir of Lavoisier," in Isis,
50 (1959), 125-129, attempts to reconstruct the character
of a supposedly lost memoir by Lavoisier . This document
was published with other inedits by Rene Fric, "Contribu-
tion a l'etude de l'evolution des idees de Lavoisier sur la
nature de l'air et sur la calcination des metaux," in Archives
internationales d'histoire des sciences, 12 (1959), 125-129,
actually published 1960. Further contributions are Maurice
Crosland, "The Development of the Concept of the
Gaseous State as a Third State of Matter," in Proceedings
of the 10th International Congress of the History of Science
II (Paris, 1962), 851-854 ; J . B. Gough, "Nouvelle contri-
bution a 1'etude de 1'evolution des idees de Lavoisier sur la
nature de l'air et sur la calcination des metaux," in
Archives internationales d'histoire des sciences, 22 (1969),
267-275, publishes a draft by Lavoisier entitled "De 1'elas-
ticite et de la formation des fluides elastiques," dated end
of Feb. 1775 . See also Robert Siegfried, "Lavoisier's View
of the Gaseous State and Its Early Application to Pneuma-
tic Chemistry," in Isis, 63 (1972), 59-78 . The most exten-
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sive treatment of this aspect of Lavoisier's work is Gough's
Ph.D. dissertation, "The Foundations of Modern Chem-
istry : The Origin and Development of the Concept of the
Gaseous State and Its Role in the Chemical Revolution of
the Eighteenth Century" (Cornell University, June 1971) .
Robert J. Morris has criticized, with some justice, Guer-
lac's narrow interpretation of Lavoisier's "Systeme sur les
elemens" of the summer of 1772 but denies that it was in
fact a system of the elements . See R . J . Morris, "Lavoisier
on Air and Fire: The Memoir of July 1772," in Isis, 60
(1969), 374-377; and Guerlac's reply, ibid., 381-382 .

Closely related to the problem of the aeriform state is
Lavoisier's caloric theory, a matter discussed cursorily in
most accounts of his work . But recent work has reopened
the question . Henry Guerlac, "Laplace's Collaboration
With Lavoisier," in Actes du XIP Congres international
d'histoire des sciences; Paris, 1968, III B (Paris, 1971), 31-
36, is an abstract of a forthcoming study of the collabora-
tive experiments of Lavoisier and Laplace on heat . Robert
Fox, The Caloric Theory of Gases, From Lavoisier to
Regnault (Oxford, 1971), has a long first chapter entitled
"The Study of Gases and Heat to 1800." An important
study is Robert J . Morris, "Lavoisier and the Caloric
Theory," in British Journal for the History of Science, 6
(1972),1-38 .

For Lavoisier's instrument makers see Maurice Daumas,
Les instruments scientiflques aux XVII„ et XVIII , siecles
(Paris, 1953). Descriptions of surviving pieces of Lavoi-
sier's apparatus are given in P . Truchot, "Les instruments
de Lavoisier. Relation d'une visite a La Caniere (Puy-de-
Dome) ou se trouve reunis les appareils ayant servi a
Lavoisier," in Annales de chimie et de physique, 5th ser.,
18 (1879), 289-319; also Maurice Daumas, "Les appareils
d'experimentation de Lavoisier," in Chymia, 3 (1950), 45-
62 ; and chs. 5 and 6 of Daumas, Lavoisier, theoricien et
experimentateur ; and Graham Luske, "Mementoes of
Lavoisier, Notes on a Trip to Chateau de la Caniere," in
Journal of the American Medical Association, 85 (1925),
1246-1247 . An attempt to evaluate the quantitative preci-
sion of Lavoisier's experiments is made by M . Guichard,
Essai historique sur les nnesures en chimie (Paris, 1937),
53-72 .

On the synthesis and decomposition of water, the fullest
account is in J. R . Partington, History of Chemistry, III,
325-338, 436-456 . Maurice Daumas and Denis Duveen,
"Lavoisier's Relatively Unknown Large-Scale Decompo-
sition and Synthesis of Water, February 27 and 28, 1785,"
in Chymia, 5 (1959), 113-129, discuss in detail the exper-
iments of Meusnier and Lavoisier that were never formally
published, and were described only in the account printed
in the obscure Journal polytype des sciences et des arts of
26 Feb. 1786 ; repr. i n Oeuvres de Lavoisier, V, 320-339 .
C. E. Perrin, in an article in press entitled "Lavoisier,
Monge and the Synthesis of Water," accounts for the
apparent coincidence of the synthesis of water by Lavoisier
and Laplace and by Gaspard Monge in the summer of
1783 by suggesting a knowledge (prior to the disclosure
by Blagden of Cavendish's results) of Priestley's repetition
of Cavendish's experiment .
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For the pioneer balloon experiments, the most elaborate
contemporary source is Barthelemy Faujas de Saint-Fond,
Description des experiences de la machine aerostatique de
AIM. Montgolfer . . . surivie de nnenroires sur /e gaz inflam-
mable etc., 2 vols . (Paris, 1783-1784) . Gaston Tissandier,
Histoire des ballons et des aeronaues celebres (Paris, 1887),
is an admirable account, superbly illustrated . The report
of the first commission on the Montgolfier balloons (cony
posed of Le Roy, Tillet, Brisson, Cadet de Gassicourt,
Lavoisier, Bossut, Condorcet, and Desmarest) appeared
first as a pamphlet in 1784 and later in the Mennoires of the
Academy of Sciences . It is repr . i n Oeuvres de Lacoisier,
111, 719-735, and in Extraits des nttennoircs de Lacoisier
concernant la nuet~orologie et l'aeronautique (Paris, 1926),
published by the Office National Meteorologique de
France .

A brief account of Lavoisier's work on organic analysis
is given in Ferenc SzabadvAry, History of Analytical Chem-
istry (Oxford-London, 1966), pp . 284-287 . His studies of
alcoholic fermentation are described in P . Schutzenberger,
Les fermentation, 5th ed. (Paris, 1889), pp . 14-15 ; Carl
Oppenheimer, Ferments and Their Actions, trans . from the
German by C. Ainsworth Mitchell (London, 1901),
pp. 3-4 ; and Arthur Harden, Alcoholic Fermentation
(London, 1911), pp. 2-3 .

For Lavoisier's geology see Pierre Comte, "Apercu sur
l'oeuvre geologique de Lavoisier," in Annales de la Societe
geologique du Nord, 69 (1949), 369-375 ; A. V. Carozzi,
"Lavoisier's Fundamental Contribution to Stratigraphy,"
in Ohio Journal of Science, 65 (1965), 71-85 ; Rhoda Rap-
paport, "The Early Disputes Between Lavoisier and Mon-
net, 1777-1781," in British Journal for the History of
Science, 4 (1969), 233-244 ; "Lavoisier's Geologic Activi-
ties, 1763-1792," in Isis, 58 (1968), 375-384; "The Geolog-
ical Atlas of Guettard, Lavoisier, and Monnet," in Cecil
J . Schneer, ed ., Towards a History of Geology (Cambridge,
Mass., 1969), pp . 272-287 ; and "Lavoisier's Theory of the
Earth," to appear in British Journal for the History of
Science .

On the new nomenclature, see M . P. Crosland, Historical
Studies in the Language of Chemistry (London, 1962),
chs. 3-8 . See also Denis I. Duveen and Herbert S . Klick-
stein, "The Introduction of Lavoisier's Chemical Nomen-
clature Into America," in Isis, 45 (1954), 278-292, 368-
382 ; and H. M. Leicester, "The Spread of the Theory of
Lavoisier in Russia," in Chyvnia, 5 (1959), 138-144 . For
Britain and Germany, see Crosland, Historical Studies . . .,
pp. 193-206, 207-210.

Lavoisier's physiological writings, notably on respira-
tion, are discussed in Charles Richet, "Lavoisier et la
chaleur animale," in Rerue scientifique, 34 (1884), 141-
146; Alphonse Milne-Edwards, Notice sur les traraux
physiologiques de Lacoisier (Paris, 1885) ; G. Masson, ed .,
Lacoisier, la chaleur et la respiration, 1770-1789 (Paris,
1892) ; M . J . Rosenthal, "Lavoisier et son influence sur les
progres de la physiologic," in Revue scientifique, 47 (1891),
33-42 ; J . C . Hemmeter, "Lavoisier and the History of the
Physiology of Respiration and Metabolism," in Johns
Hopkins Hospital Bulletin, 29 (1918), 254-264 ; Graham
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Lusk, "A History of Metabolism," in L . F. Barker, ed .,
Endocrinology and Metabolism ( New York, 1922), 111,
3-78-a section of this history is devoted to Lavoisier,
pp. 19-30 ; R. Foregger, "Respiration Experiments of
Lavoisier," in Archives internationales d'histoire des
sciences, 13 (1960), 103-106 ; and Everett Mendelsohn,
Heat and Life (Cambridge, Mass ., 1964), 134-139, 146-
165, which discusses Lavoisier's work perceptively.
Charles A . Culotta, "Respiration and the Lavoisier Tra-
dition : Theory and Modification, 1777-1850," in Trans-
actions ofthe American Philosophical Society, n .s . 62 (1972),
3-40, is the most recent study. See also John F . Fulton,
Denis 1 . Duveen, and Herbert S . Klickstein, "Antoine
Laurent Lavoisier's Reflexions sur les effets de ('ether
nitreux dans l'economie animale," in Journal of the
History of Medicine and Allied Sciences, 8 (1953), 318-
323 ; W. A . Smeaton, "Lavoisier's Membership of the
Societe Royale de Medecine," in Annals of Science, 12
(1956), 228-244 ; and Denis I. Duveen and H . S . Klick-
stein, "Antoine Laurent Lavoisier's Contributions to
Medicine and Public Health," in Bulletin of the History
of Medicine, 29 (1955), 164-179 .

For Lavoisier's role in the improvement of saltpeter
production and gunpowder manufacture, see Robert P .
Multhauf, "The French Crash Program for Saltpeter
Production, 1776-94," in Technology and Culture, 12
(1971), 163-181 . The gunpowder situation in America at
the outbreak of the Revolution, and the aid received from
France, is described by Orlando W . Stephenson, "The
Supply of Gunpowder in 1776," in American Historical
Review, 30 (1925), 271-281 . More than half of vol . V of
the Oeuvres de Lacoisier is devoted to his papers on salt-
peter and the work for the Rcgie des Poudres . See also
J . R . Partington, "Lavoisier's Memoir on the Composition
of Nitric Acid," in Annals of Science, 9 (1953), 96-98 .
The relations between Franklin and Lavoisier are described
by H . S. van Klooster, "Franklin and Lavoisier," in
Journal of Chemical Education, 23 (1946), 107-109 ; and
by Denis 1. Duveen and H . S. Klickstein, "Benjamin
Franklin (1706-1790) and Antoine Laurent Lavoisier
(1743-1794)," in Annals of Science, 11 (1955), 103-128,
271-302, and 13 (1957), 30-46 . See also Claude A. Lopez,
"Saltpetre, Tin and Gunpowder: Addenda to the Corre-
spondence of Lavoisier and Franklin," in Annals of Science,
16 (1960), 83-94 . For a remarkable letter from Lavoisier to
Franklin, see Rene Fric, "Une lettre inedite de Lavoisier
a B. Franklin," in Bulletin historique et scientifique de
l'Auver,>;ne, 9 (1924), 145-152 .

On Lavoisier as a financier and economic theorist,
Eugene Daire and Gustave de Molinari, Melanges d'Pco-
nonue politique, I (Paris, 1847), 577-580, contains a
"Notice sur Lavoisier," followed by two of his essays in
political economy. See also G. Schelle and E . Grimaux,
Lacoisier-statistique agricole et projets de refornnes (Paris,
1894) ; and R . Dujarric de la RiviCre, Lavoisier economiste
(Paris, 1949) . For Lavoisier's relations with Pierre Samuel
Dupont de Nemours and Pierre's son, see Bessie Gardner
Du Pont, Life of Eleuthere Irenee du Pont from Contempo-
rary Correspondence ( II vols., Newark, Delaware, 1923-
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1926), passim, 1, 141-145, and R . Dujarric de la Riviere,
E. I . Du Pont de Nenrours, eleve de Lavoisier (Paris, 1954),
esp. 157-158 .

For Lavoisier's interest in agriculture, see Henri Pigeon-
neau and Alfred de Foville, L'administration de l'agriculture
au controle generale des finances (1785-1787) . Proces-
verbaux et rapports (Paris, 1882) ; and Louis Passy, Histoire
de la Societe nationale d'agriculture de France, 1, 1761-1793
(Paris, 1912), which is all that appeared . Andre J. Bourde,
The Influence of England on the French Agronomes, 1750-
1789 (Cambridge, 1953) ; and Agronomic et agronomes en
France an XVIIF siecle, 3 vols . (Paris, 1967), provide the
essential background with incidental references to Lavoi-
sier. See also W . A. Smeaton, "Lavoisier's Membership
of the Societe Royale d'Agriculture and the Comite
d'Agriculture," in Annals of Science, 12 (1956), 267-
277 .

Lavoisier's role as an officer of the Academy of Sciences,
before and during the French Revolution, bulks large in
Roger Hahn, The Anatomy of a Scientific Institution, the
Paris Academy of Sciences, 1666-1803 (Berkeley-Los
Angeles, 1971) . There are glimpses of Lavoisier and his
wife in Arthur Young's Travels in France, the best (and
fully annotated) ed . of which is the French t rans . b y Henri
See, Voyages en France en 1787, 1788 et 1789, 3 vols . (Paris,
1931), espec . I, pp . 189-191 ; in Beatrix Cary Davenport,
ed ., A Diary of the French Revolution by Gouverneur
Morris, 1752-1816 (Boston, 1939) ; in V. A. Eyles, "The
Evolution of a Chemist, Sir James Hall," in Annals of
Science, 19 (1963), 153-182 ; and in J . A. Chaldecott,
"Scientific Activities in Paris in 1791," ibid., 24 (1968),
21-52 .
Grimaux gives much useful information about

Mme Lavoisier, her education, her marriage, and her
contributions to her husband's career in his Lavoisier,
2nd ed., pp . 35-44 ; for the genealogy of her family and an
account of her life after Lavoisier's execution, see the
appendixes to the same work, pp. 330-336. Worth con-
sulting is Denis 1. Duveen, "Madame Lavoisier, 1758-
1836," in Chymia, 4 (1953), 13-29 . Mme Lavoisier's
major contribution to the campaign for the new chemistry
was her (anonymous) trans . of Richard Kirwan's Essay
on Phlogiston (London, 1784) ; the French version, Essai
stir le phlogistique (Paris, 1788), has notes by the translator
and extensive critical commentary by Guyton de Morveau,
Laplace, Monge, Berthollet, Fourcroy, and Lavoisier him-
self. Grimaux (op. cit., p . 42) speaks of her "traductions
inedites de Priestley, Cavendish, Henry, etc ." Her last
effort along these lines is her trans . of Kirwan's "Strength
of Acids and the Proportion of Ingredients in Neutral
Salts," in Proceedings ofthe Royal Irish Academy, 4 (1790),
3-89. It appeared in Annales de chimie, 14 (1792), 152, 211,
238-286 .

Lavoisier's role in the French Revolution, his imprison-
ment, and his execution have produced a substantial, and
sometimes controversial, literature . See, for example,
Denis I . Duveen, "Antoine Laurent Lavoisier (1743-1794),
a Note Regarding His Domicile During the French Revo-
lution," in Isis, 42 (1951), 233-234; and "Antoine Laurent
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Lavoisier and the French Revolution," in Journal of
Chemical Education, 31 (1954), 60-65 ; 34 (1957), 502-503 ;
35 (1958), 233-234, 470-471 . See also Marguerite Ver-
gnaud, "Un savant pendant la Revolution," in Cahiers
internationaux de sociologic, 17 (1954), 123-139 ; Denis I .
Duveen and Marguerite Vergnaud, "L'explication de la
mort de Lavoisier," in Archives internationales d'histoire
des sciences, 9 (1956), 43-50; Denis I . Duveen, "Lavoisier
Writes to Fourcroy From Prison," in Notes and Records .
Royal Society ofLondon, 13 (1958), 59-60 ; and "Lavoisier
Writes to His Wife From Prison," in Manuscripts, 10 (fall
1958), 38-39; and Denis 1. Duveen and H . S . Klickstein,
"Some New Facts Relating to the Arrest of Antoine
Laurent Lavoisier," in Isis, 49 (1958), 347-348. On the
problem of whether Fourcroy interceded on behalf of
Lavoisier, see G . Kersaint, "Fourcroy a-t-il fait des
demarches pour sauver Lavoisier?" in Revue generale des
sciences pures et appliquees, 65 (1958), 151-152 ; and his
"Lavoisier, Fourcroy et le scrutin epuratoire du Lycee
de la rue de Valois," in Bulletin. Societe chimique de France
(1958), 259. For a comment on Kersaint's article, see
Maurice Daumas, "Justification de l'attitude de Fourcroy
pendant la Terreur," in Revue d'histoire des sciences et de
leurs applications, 11 (1958), 273-274 .

Other aspects of Lavoisier's career during the Revolu-
tion are mentioned by Henry Guerlac, "Some Aspects of
Science During the French Revolution," in Scientific
Monthly, 80 (1955), 93-101, repr . i n Philipp G. Frank, ed .,
The Validation of Scientific Theories (Boston, 1957), 171-
191 ; J . Guillaume, "Lavoisier anti-clerical et revolution-
naire," in Revolution franpaise, 26 (1907), 403-423, repr.
i n Etudes revolutionnaires, 1st ser . (Paris, 1908), 354-379 ;
Lucien Scheler, Lavoisier et la Revolution francaise . IL Le
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