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The Legacy of Henri Victor Regnault in the Arts and Sciences

Sébastien Poncet , Laboratoire M2P2, France

Laurie Dahlberg , Bard College Annandale, USA

Abstract: The 2f' of July 2010 marked the bicentennial of the biothHenri Victor
Regnault, a famous French chemist and physicist anmoneer of paper photography.
During his lifetime, he received many honours argdirctions for his invaluable scientific
contributions, especially to experimental thermauyics. Colleague of the celebrated
chemist Louis-Joseph Gay-Lussac (1778-1850) atBbele des Mines and mentor of
William Thomson (1824-1907) at the Ecole Polytegei he is nowadays conspicuously
absent from all the textbooks and reviews (Her@04) dealing with thermodynamicshis
paper is thus the opportunity to recall his majontdbutions to the field of experimental
thermodynamics but also to the nascent field, ws¢hdays, of organic chemistry. Avid
amateur of photography, he devoted more than twggdys of his life to his second passion.
Having initially taken up photography in the 184sa potential tool for scientific research,
he ultimately made many more photographs for &tetbd self-expressive purposes than
scientific ones. He was a founding member of thei&@é Héliographique in 1851 and of the
Société Francaise de Photographie in 1854. Likestisntific work, his photography was
quickly forgotten upon his death, but has beguattiact new respect and recognition.

Keywords: Henri Victor Regnault, organic chemistry, thermodymncs, paper photography.

Introduction

Henri Victor Regnault (1810-1878) (see Figures 1ab§ was undoubtedly one of the great
figures of thermodynamics of all time. His conttlons to experimental thermodynamics
and to organic chemistry were of great quality &asle still a large impact today. Also a
pioneer of paper photography, Regnault was born slw@e year as the physiologist
Theodore Schwann, who designed the first rebreastmel famous artists like the composer
and pianist Frédéric Chopin, the composer Robenu®ann and the playwright and poet
Alfred de Musset.

From a political point of view, the f9century was a stormy period in France, with the
establishment of the Empire in 1804, the Restanatb the Bourbons in 1815, the July
Monarchy in 1830, the Second Republic in 1848,3heond Empire in 1852 and the Third
Republic in 1870. But it was also a period whenagi@pes were placed in science and
especially in thermodynamics. The beginning of 1Be century had thus passed through a
phase of tremendous discoveries thanks to sciertiss Augustin Fresnel (1788-1827),
André-Marie Ampere (1775-1836) or Nicolas-LéonaadliSCarnot (1796-1832Yhe rest of
the century was marked by important advances amaneble experimental achievements
in the field of thermodynamics. Nicolas-Léonard iSa@arnot, the “father of
thermodynamics”, published a paper in 1824 ent®Réflexions sur la puissance motrice du
feu et sur les machines propres a développer peitsanceconsidered as the starting point



of thermodynamics as a modern science, althoughetine “thermodynamics” would only
be introduced in 1849 by William Thomson (Lord Kialv

Figure 1: (a) Henri Victor Regnault painted by tisisin, Eugéne
Amaury-Duval; (b) self-portrait of Henri Victor Regult.

Henri Victor Regnault was considered in his timeoae of the most talented experimenters
in thermodynamics. Many students, who became fateous scientists such as the physicist
Jean Bernard Léon Foucault (1819-1868), the cheRabert Wilhelm Bunsen (1811-1899),
the botanist Georges Ville (1824-1897) or the pblggiist Jules Reiset (1818-1896)
received some training in the laboratory of Reghauthe College de France. Mentor of the
Scottish physicist William Thomson during the yeaB%5-46 at the Ecole Polytechnique
and colleague of Louis-Joseph Gay-Lussac (17783186the Ecole des Mines, he is the
only scientist of the 19 century to be the recipient of the Rumford and I€ppnedals
awarded by the Royal Society and the Matteucci Néda obtained the Rumford medal in
1848 for his experiments to determine the lawsthechumerical data, which enter into the
calculation of steam engines, sharing this hondh Wiichael Faraday (1846), Georges
Gabriel Stokes (1852) and Louis Pasteur (1856) gmathers. In 1863, he was made
Commander of the Legion of Honor. Some years laterl 869, he received the Copley
medal for the second volume of liRelation des éxperiences pour déterminer les lbisse
données physiques nécessaires au calcul des machintey including his elaborate
investigations on the specific heat of gases aqmbwa, and various papers on the elastic
force of vapours. In 1875, he received the Mattelwedal from the Italian Society of
Sciences, sharing that honor with Lord Kelvin (1876ord Rayleigh (1894) and Albert
Einstein (1921), for examples. He was also eledtedhumerous scientific societies,
including the French Society of Physics in 183& Hrench Academy of Sciences (in the
chemical section, to the former seat of Pierre Jeaniquet, 1780-1840) in 1840, the Royal
Swedish Academy of Sciences in 1851, the Royalé®paf London in 1852, the American
Academy of Arts and Sciences in 1855, the Amerkeailosophical Society in 1865 and the
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College de France in 1872. He became also Presidéin¢ French Academy of Sciences in
1855.

Though he received many honours during his lifefilme is today undoubtedly the least
well-known of all his contemporaries such as Jodepirier (1768-1830), Nicolas-Léonard
Sadi Carnot (1796-1832), Emile Clapeyron (1799-)864lius von Mayer (1814-1878),
Hermann von Helmholtz (1821-1894), Rudolf Claus{l822-1888), Ludwig Boltzmann
(1844-1906), James Prescott Joule (1818-1889),ianillRankine (1820-1872), James
Maxwell (1831-1879) or Willard Gibbs (1839-1903eW traces of Henri Victor Regnault
remain today. His name was inscribed on the Eifteler by Gustave Eiffel in 1889, along
with those of seventy-one other French scientisid angineers in recognition of their
contributions. The crater Regnault on the Moon|s® amamed after him. In 188Igan-
Baptiste Dumas (1800-1884), perpetual secretarsth@fAcademy of Sciences, ended his
tribute to his colleague Henri Victor Regnault witte hope that, one dayla“science et la
nation payent, enfin, leur dette a sa mémoire didg@dous les honneutsThe bicentennial
of his birth is then the opportunity to tell higeliand legacy in sciences but also in the art of
photography, to which he not only contributed hasilole expertise in chemistry and optics,
but also some of the most splendid photographseoténtury.

Life and Career

Henri Victor Regnault was both a remarkable chermigt physicist but also a well-known
photographer. He was born in Aachen (now in Germamy 2£' of July 1810. His father
André Privat Regnault, who was captain in the cavpgivil engineers in Napoleon’s
Imperial Corps, died in 1812 on the road of Wilnaidg the Russian campaign. Six years
later, at the age of eight, Victor and his youngjeter moved to Paris after the death of their
mother, Marie-Thérése Massardo. They were takdayia comrade-in-arms of their father,
Jean-Baptiste Clément. His wife, who was the daarghit Alexandre Duval, member of the
French Academy, became like a second mother fotvitbeorphans. To provide for himself
and his sister, Victor worked as a clerk for a érgpfirm, le Grand Condguntil he was
eighteen. He spent all his spare time at the Natibibbrary and showed an early aptitude for
mathematics.

He rapidly entered in a preparatory institution the prestigious Ecole Polytechnique.
Although suffering from the fevers of an unnamedes$s at the time, he passed the
admission exam in 1830 after a memorable verbadtjauth his examiner Etienne-Louis
Lefébure de Fourcy (1787-1869), placing™5dmong the 126ntering students. His
superiority eventually obtained him a salaried posithere as assistant lecturer, which also
enabled him to establish a dowry for his sister. tenained two years at Ecole
Polytechnique, where he graduated first in hiss;lasspite of a severe injury at his left eye
due to some pieces of a glass lamp. Two celebretedists and teachers at the Ecole,
Louis-Joseph Gay-Lussac (1778-1850) and PierresLbuilong (1785-1838) would have a



great influence on his future works. He had alsau@é Louis Marie Henri Navier (1785-
1836) as professor in mechanics, Dominique Frange@n Arago (1786-1853) or Félix
Savart (1791-1841) in machines among others.

Regnault entered the Ecole des Mines, one of tipdieabschools, the 150f September
1832. He completed his regular three-year courssuafy in only two years and left it the
20" of February 1834 after having achieved first clessk. He received excellent marks,
with especially high levels in chemistry and dragviin spite of that, he was not permitted
to graduate. He had to do two internships abrodoréeetting his final diploma. Thus, in
1834, he traveled first to Belgium and then to Gaamn (the Harz region) to study
silvermining techniques. In 1835 he did a secong to Wirtemberg in southwestern
Germany and then to Switzerland to analyse thaisalof thermal waters. In Saxony, he
visited coal mines and other industrial sites ttidsaunderstand the metallurgic process. He
also stopped briefly to study in the famous labmmabf Justus Von Liebig (1803-1873) in
Giessen. He wrote four memoirs available in theatip of Ecole des Mines about the coal
mines close to Aachen, the mines and factoriesairz H (see in Regnault 1834).

In 1835, the administrators of the Ecole des Midesignated Regnault to fill a position in
Rive de Gier, in the nearby of Lyons. They reverder decision only two weeks later and
apeointed Regnault as a laboratory assistant afePierthier (1782-1861). On November
25", 1835, Regnault was definitively attached to theruical laboratory of the Ecole des
Mines. There he was named assistant Professor aindsy, replacing the full Professor
Pierre Berthier (1782-1861). During Spring 1836 was granted a three month leave to go
to Lyons to fill in for Jean-Baptiste Boussinga(llB02-1887), Professor at the Faculty of
Science. Finally, he obtained his engineer’s digpjst after his return from Lyons, the
19" of June 1836 after having submitted the stateroktitis second trip abroad. The same
year, he married Clémence Clément, the daughthisa$urrogate parents. At the Ecole des
Mines, he distinguished himself in the nascentdfiel organic chemistry by synthesizing
several chlorinated hydrocarbo#snong others, we can cite his researches on thenaat
chlorine upon ether and upon the chlorides of edimgl ethylene. His results were published
in eighteen memoirs in th&nnales de Chimie et de Physiduetween 1835 and 1840. In
February 1838, he was appointed Professor of aggayid assistant Director of the Ecole
des Mines'’s laboratory.

Regnault was candidate for the positionrépétiteur for Gay-Lussac. This latter wanted
Auguste Laurent (1807-1853) as collaborator bushmauld submit to the final decision of
the Council of Public Instruction, which unanimou&hvored Regnault. He held then now
two positions, one at the Ecole des Mines and dartteaEcole Polytechnique, where he
began to take over some lectures of Gay-LussacnV@ay-Lussac retired as Professor of
chemistry on November 18, 1840, Regnault was recemoied as his successor by the
Academy of Sciences on December 11, 1840. He vasdppointed Professor and named
to Gay-Lussac’s coveted chair of chemistry at tlwl& Polytechnique. Afterwards, he
became Professor of physics at the College de Ergbh841), succeeding Félix Savart
(1791-1841) as the Chair of general and experinhgitgsics There, he began his life's
work in physics by studying the specific heats lefreents and compounds. In 1843, he was
commissioned by the Minister of Public Works to qilen extensive tables on the properties
of steam valuable for steam engineers. In 1847puidished these results in a 767-page
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article entitledRelations des expériences ... pour déterminer hascipales lois et les
données numeériques qui entrent dans le calcul deshimes a vapeuras vol. XXI of the
Memoirs of the Academy of Sciences. For this papdrich also stimulated William
Rankine to develop his theories of thermodynamiu$ lais molecular vortex hypothesis,
Regnault received the Rumford Medal of the Royali&g of London and was appointed as
chief engineer at the Ecole des Mines.

Regnault was, like many other scientists in thimeti captivated by the promise of
photography as a valuable tool to investigate imardetails empirical science. He applied
his talent of meticulous experimenter to refineitiexact practices of photography. Charged
by the Académie, he studied, in particular, the ifications of Louis Désiré Blanquart-
Evrard to William Henry Fox Talbot's positive/negat calotype paper process in April
1847. He contributed at least fourteen paper meggihotographs to Blanquart-Evrard’s
Imprimerie Photographique Editions in the early @85 With other artistic and scientific
figures, he founded the Société héliographiquesiil] to which he consecrated a lot of his
energy. When that organization folded in 1854, samhets members formed a new
photographic institution, the Société francaise mletographie, unanimously electing
Regnault as their first president in 1855. He wa® elected as a foreign member of the
London Photographic Society (later, the Royal Py@phic Society).

On April 12, 1852, Regnault was appointed Direcbdrthe state-owned Manufacture
Impériale de porcelaine de Sévres by Charles-Lblaipoléon Bonaparte, succeeding his
classmate at the Ecole des Mines, Jacques-Josegiméib (1814-1852). He moved to
Sevres during spring with his wife, their four cmén, his mother in law and two sisters in
law. There, he combined his administrative duttethe Manufacture with his teaching and
research at the College de France. At Sévres, bBesaw several improvements in the
manufacture of porcelain (Reif-Acherman 2010). ldatimued also to work on the thermal
properties of different matters. He designed smesitthermometers, hygrometers,
hypsometers, calorimeters, which Sevres artisalpeti¢abricate. He measured the specific
heats of many substances and the coefficient ofmifleexpansion of gases. The direction of
the factory lasted from 1852 to 1871 and during feriod, his scientific and photographic
careers were closely linked. During his directgosiie was in charge of maintaining the
artistic reputation of the Manufacture, while modeing the industrial techniques. His great
knowledge in chemistry enabled him for exampleemiscover the formula of a soft paste,
an artificial porcelain displayed during the ™M@&entury at the Medici Court. At the
suggestion of hischef d'ateliey Louis-Rémy Robert (who was also a photographer),
Regnault established a photographic departmeritarSevres factory in 1863 with the aim
of introducing the new photographic techniquesof{pberamic techniques, vitrifiable
photography) in the manufacturing of the porcelain.

In August 1856, he suffered a severe fall in himratory, which threatened his life for more
than a month with especially a twelve-day’s conmal & appeared that he never made a full
recovery. From this time on, the good fortuneh&f previous decade seemed to evade him.



The year 1866 was particularly harsh, in whichwaite, his wife's mother (Ms. Clément),
and two other members of his family died, leavingtdt alone with four children, three of
whom showed signs of mental iliness. In 1870, dutire siege of Paris, Prussian soldiers
destroyed his laboratory, which contained his uaigallection of scientific instruments and
reams of unpublished research. The final blow camelanuary 19, 1871, when his son
Alex-Georges-Henri Regnault, a celebrated paint@s killed at the Buzenval battle, on
virtually the last day of the war.

Regnault immediately left Sévres with his oldest §&@on interned in an asylum and his
other children also suffering from mental illness donvalesce in a small French town
Lassigneu, near Geneva. There, he tried to reaartdirs laboratory and return to research,
spending some time with his previous Swiss studangues-Louis Soret (1827-1890). Few
times later, his sister, who spent also some timieassigneu to aid him, suffered a sudden
attack and reputedly died in his arms. This finagedy precipitated a stroke of apoplexy in
1873. He returned from Switzerland, but retirednfrecience, with his final years of
infirmity being spent under the care of Jules des&ea former colleague, Mme. Serais, a
family friend, and Lord de Belley. He died thé™&f January 1878.

Readers can refer to the tributes of Dumas (188&)Lapparent (1897) or le Chatelier
(1911) for biographies (in French) of Henri Victeegnault.

A Meticulous Chemist

Regnault did all his work of chemistry both at thboratory of the Ecole des Mines in Paris,
under the eyes of his chief and former Professiaryé Berthier, the author of the famous
Traité des essais par la voie sedi834) and also at the Ecole Polytechnique. Helieed
from his mentor an absolute respect for experintiemtaand a major contempt for vain
theories, which remained the two essential chanatits of all his work. From 1835 to
1840, Regnault published his work in eighteen mesnoi chemistry, without interruption,
always taking care to publish innovative and adeurasults. He wrote also a four-volume
book entitledCours élémentaire de chimipublished from 1847, considered in its time as
the standard reference for teaching chemistry. cdmgribution of Regnault in chemistry is
so important that only few representative works Régnault are summed up in the
following.

Major advances in organic chemistry (1835 - 1840)

He devoted his first personal research to chemestiy published his first memoir on the
compound ethylene dichloride, called also the Duticjuor, in Annales de Physique et de
Chimie (Regnault 1835). Justus Von Liebig (1803-1873) dedn-Baptiste Dumas (1800-
1884) had each analyzed the composition of Dutaudi and had found somewhat
different results. This light dissension had letimg chemists indifferent, but not Regnault,
for whom there could be only one truth. His firsbncern was to operate on pure
constituents, by controlling all the possible vals of the properties of the compound
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obtained. Regnault studied Dumas's process foratt@ysis of the organic matter by
combustion with copper oxide, considering the caugeerror particularly arising from the
condensation of steam on this oxide. His final meaments showed Von Liebig's error and
confirmed the correct analyses of Dumas. Regnaultipfied his experiments in order to
find the results of Von Liebig's work, and thus raged to establish the role of the
incomplete purification of the products studiedthg German chemist. Regnault was not
satisfied yet because he did not know the naturdefimpurity contained in the analyzed
body. Nevertheless, during the preparation of ampound, he had observed a violent
effervescence, initially unexplainable. In factwias due to ethylene chloride, which gave
birth, by hydrochloric loss of acid, to a still umdwn gas body, chlorinated ethylene. This
memoir is one of most important of organic chergisiecause it presents a perfect example
of the law of substitutions recently discoverediymas.Then, continuing its observations
gradually,he published three memoirs relating to the actiochtorine on hydrocarbons and
hydrochloric ethers, highlighting the existence t@fo parallel series of compounds
substituted, isomer two to two, and showing in addithat substitution can respect the
molecular grouping of the primitive compounds hgvibeen used as starting point. Among
theses memoirs on the theory of substitutions wecia the memoir entitleBe I'action du
chlore sur les éthers hydrochloriques de I'alcobtle I'esprit de bois, et de plusieurs points
de la théorie des éthers (1839)

Regnault discovered also various organic chloridbgh became important industrially,
including vinyl chloride and carbon tetrachloridényl chloride was indeed first produced
in 1835 by von Liebig and Regnault. They obtaindayitreating ethylene dichloride with a
solution of potassium hydroxide in ethanol. Threearg later, Regnault accidentally
discovered Poly-vinyl chloride (PVC), made by posnmation of vinyl chloride monomer.
Its white solid powder was obtained after the expef gaseous vinyl chloride (GEH-
Cl) to sunlight. Regnault knew almost nothing abdhis chemical reaction and the
composition of this product. It remained unpublhtil Von Liebig's paper of 1878. PVC
is now one of the most explored polymers in theleydrearing a wide range of properties,
which explains its use in many applications, sushpges, packaging, sheets, flooring,
medical equipment, and containers of many kinds.

One other important contribution of Regnault toasmg chemistry was a series of researches
in 1837 on alkaloids and organic acids (RegnhauB7t® He introduced a classification of
the metals according to the facility with which yha& their sulphides are oxidized by steam
at high temperatures (Regnault 1837a). The expetsnehich were undertaken in order to
check the exactitude of the classification of Thdn&ad great repercussions at the time.
The same year, he published a study on the mirieeds depicting the properties and
constitution of coals and the year after, on orgaalkalis. He also took samples of
atmospheric air from different parts of the worltdlademonstrated that wherever it comes
from it contains about 21% of oxygen. He workedaisthe field of mineralogy with some
works on binary alloy and mica and in the field métallurgy by his process of carbon
mixture in cast iron (1837b).



The Professor of chemistry (1840 - 1870)

The fertile activity of Regnault explains the youeggineer's remarkably fast-growing
reputation. In 1840 he was recalled to Paris byabointment to the chair of chemistry in
the Ecole Polytechnique and also by his appointm@mtiuly 6, 1840, to the Academy of
Sciences. He entered the section of chemistrydlace Pierre Jean Robiquet (1780-1840).
His election was confirmed by Royal Decree on Rfy 1840, making him the youngest
member in the chemistry section of the Academy. dmeunt of work provided at that time
by Regnault was amazing but he gave up definitivaly research of chemistry. He
continued nevertheless to deal with the teachinthisf science during thirty years at the
Ecole Polytechnique as substitute for Gay-Lussaaddition to the monitoring of students
at the laboratory of the Ecole des Mines, he taaglaiytical chemistry there in Berthier's
former position. During this period, he also audtbreports on some very different topics.
For example, he published in 1841 a report on theskiprocess, used to detect the presence
of arsenic in liquors and gases (Regnault 1841b).

Figure 2: Sketches after th& Edition of “Cours élémentaire de chimie, tome B3%8),
available free online: (a) experimental set-upeti the oxides of manganese; (b) regular
work in a blast-furnace.

In 1847, he began the publication of his four-vaduBours élémentaire de chimiand in
1849 that of the small volume entitlddremiers éléments de chimieor the next twenty-
five years, these two works formed entire genenatiof French chemists. In only 20 years,
25 500 copies of theCours élémentaire de chimiand 26 000 copies of the
Premiers éléments de chimigditor Victor Masson) were sold, which made them
"bestselling" scientific books by today's standattsould be difficult to find another work
of scientific pedagogy of equal success. This ssgee due first to the fact that they were
the first works of chemistry written expressly feaching. In the edition of 1847, one finds
a particularly high level discussion of the theofyequilibrium between the carbon oxide
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and iron oxide. We also find for the first time@mplete statement of the famous Berthollet
laws. Regnault'€ours élémentaire de chimwas also a real revolution: for the first time,
very clear illustrations printed within the textstead of at the end of the volume where they
would be difficult to consult (see two exampled=igure 2). These books were translated in
many languages and passed through many editiorspitie of their importance, tHéours
élémentaire de chimieandPremiers éléments de chimaee nowadays completely unknown
to young chemists and are even difficult to finaur best scientific libraries.

The Parisian Company of Gas (1852 - 1870)

Regnault also took part in the creation of the $tami Gas Company, where he was the
scientific consultant of the Company for twenty ngedn 1852, gas was manufactured in
Paris by a half-dozen independent companies, dksl weere underway for the renewal of
their concessions. The Emperor, wishing to keepphisnise to deliver affordable gas to
Parisians, charged Regnault with making experimentietermine the real cost price of gas.
An experimental factory was built in Saint-Clougan the manufacture of Sévres. Always
concerned about the accuracy of the measurementsbhbeing able to spend all his day to
the factory, Regnault even requested Imperial egddio guard the experiments. Each
morning, he came to sweep the factory and weiglctlad intended for the tests of the day,
placing an armed sentinel at each door, with isiva to allow nothing to enter or leave.
He returned in the evening to measure the prodgesdand to weigh the by-products. He
found that the price could be divided by a factbfivee, compared to the price proposed by
the Companies. His report was violently attackedHwyinterested parties, with Emile and
Isaac Péreire protesting to the Emperor, whilé atitepting Regnault's results. According
to them, the rise in the current price of gas was  overhead costs and the expenses of
interest on capital. They agreed to reduce thisepwith a sufficiently prolonged concession
and were allowed to amalgamate the Companies istoghe corporation. They proposed to
immediately lower the price of gas to 30 centimad & share the benefit with the consumer
after 1870. An agreement was signed in March of71&8% Regnault was named consulting
engineer of the new Parisian Company of Gas, forclhwhhe received generous
compensation. Regnault also created the experiiniaaiary at la Villette, devoted to the
industrial improvement in the manufacture of gas.aiso dealt with the treatment of tar and
the processes of heating. téso worked with Sir William Siemens (1823-1883) on the
application of his new furnaces to the manufactirgas. He was interested particularly in
the use of coke in domestic heating, correctingdifasvings of the apparatuses put on sale
by the Company, and promoting coke as a better flsnks to Regnault, from 1857 to
1870, the Parisian Company was thus the startingt for all improvements in the gas
industry, including a huge increase in efficienéyip to 300 cubic meters per ton, use of the
furnaces with recovery, precipitation of the laksters of tar by impact tampers, treatment
of tar by split distillation, application of coke® tdomestic heating in apparatuses using
rational combustion, and the exact determinatiotheflighting power of gas...



In 1857, Regnault and Dumas were charged with sgetie most accurate means of
measuring gas. Formerly, it was measured only éygtare of its flame. In 1860, thésd to

a purely conventional definition of the lighting wer considered as being a specific
property of gas: one limits to 105 liters per hthe gas expenditure necessary to produce in
a well defined Bengel nozzle, a luminous sourcthefsame intensity than the Carcel lamp
burning 42 grams of oil per houiheir work was completed in 1860. Hereafter, thenEh
municipalities introduced into their specificatiahe control of gas by the method known as
of Dumas and Regnault. It is fully explained in thiscourse of Emile Sainte-Claire Deville
(1910), Regnault's last student.

The heritage of Regnault in thermodynamics (1841-)

The transition from chemistry to physics was dudaict to several circumstances. Firstly,
his experiments on specific heats served clearly lasdge between these two periods of his
life. Secondly, he was appointed Professor of erpartal physics at the College de France
on April 27, 1841 by the Academy of Sciences, dferdeath of Félix Savart. In August of
the same year, he moved with his family into anrtapent located one floor above his
laboratory at the College de France. There, he tiwvasneightboor of Jean-Baptiste Biot
(1774-1862), Professor of Mathematical Physics,ctvimight have launched his career in
experimental thermodynamics. In this field, he mi#d an incredible number of memoirs
in theAnnales de Chimie et de Physicared most of all three memoirs on steam engines and
their numerics. His main works concerned the expanef gases and dry vapours under
different experiment conditions, the density of@gshe weight of a litre of air and other
gases, the measurement of temperatures, the abgtlatation of mercury, the law of
compressibility of elastic fluids and liquids, teastic forces of vapours, the latent heat of
vapours or the specific heat of water and elakiid$, among others.

Specific heat of elements and compounds,

As suggested by Dumas, Regnault pursued his rém=aon the specific heat of elements
and compounds (gases, liquids or solids) seekmgarticular, an universal law for the

specific heat of solids. He performed numerous expnts using different methods and

apparatuses. The three methods used (ice-fusiohomhetooling method and mixture

method) were all based on the establishment ofrthleequilibrium between two systems at
different temperatures. After having identified theurces of errors for each method, he
preferred to use the method of mixtures.

His first results on the specific heat of solidgevpresented to the Academy of Sciences on
April 3, 1840 (Regnault 1840). One finds there fin&t experimental demonstration of the
approximate law of Dulong and Petit, which had blegmothesized, rather than established,
by these physicists. For 24 pure elements, Regmmtonstrated that this law was only
partially true mostly because there was no accefatiglé of atomic weights at that time. In
1841, Regnault published a memoir on the speciat fof compounds (metallic alloys,
sulphides, organic salts...), which contributed te teputation Regnault as a chemist
(Regnault 1841a). He showed that “the specificheftll compound substances having the
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same atomic composition and similar chemical ctstgtn are in inverse proportion to their
atomic weights”.

Francois Delaroche (1780-1813) and Jacques-EtiBénard (1789-1869) believed that the
specific heats of gases at constant volume andsymesiepended on temperature, which
motivated the work of Regnault on the specific beaf gases. He then undertook
experiments in 1843 with liquids and gases. Theifipéheat of carbonic acid increases for
increasing values of temperature, which is notdéiee for air. He concluded that all gases,
which follow the Boyle-Mariotte’s law, have a coast specific heat, whereas all other
gases, vapours, liquids and solids have an inecrgasgpecific heat, when the temperature
also increases. He concluded from all his experimyghat all laws on the specific heats of
gases had no direct applications as they were ailig for ideal gases. During his entire

career, he continued to work on the specific hdaelements and compounds (see in
particular Regnault 1843b, 1861) and especiallywater and some elastic fluids like

oxygen, nitrogen, hydrogen or chlorine. He dematstt also that the hypothesis of
Amedeo Avogadro (1776-1856) saying that the atdmeett of a compound is the sum of the
atomic heat of its constituents became invalid whieae complexity of the gaseous

compounds increased.

The experiments of Regnault were indeed highly eteubut they suffered also from

several weaknesses. His apparatuses were ofterleqmgquiring thus many assistants and
a huge amounts of elements and compounds to igaéstiMany of them are sketched in the
book of Jamin (1859). The experimental procedueseglired also a long time to heat the
element, then to reach the thermal equilibrium #mgblace accurately the measurement
apparatuses. The experimental procedures indudéetedit sources of errors. Regnault
suspected that the chemical structure of solids atesed during heating as well as the
specific heat of porous substances by the moiggenin

The three memoirs on steam engines (1847)

An event of crucial importance diverted the camechemist of Henri Victor Regnault and
marked the beginning of a great career in experiaiethermodynamics. The French
Ministry of Public Works, concerned about the rag@lelopment of steam engines, thought
it would be useful to publish a report on that sabjIn 1823, Arago and Dulong were first
designated by the Paris Academy of Sciences asotfeaders of the commission in charge
of this report. Due to numerous administrative icifities, the report was not achieved.
Thus, a new commission was appointed in 1843 welgrRRult as chief. The goal of this
second campaign was the publication of a reportigpeg the conditions under which
steam engines could be operated safely while isorgaheir efficiency. Regnault had to
perform the experiments necessary for the detetromaf the numerical data entering in
the calculations of the steam engines and to estatile main physical laws involved in
their use. He evaluated also the uncertainty of éRperimental data relating to the
properties of steam. Having left the Ecole des Mifue the Collége de France, he lacked a



sufficient budget to complete its experiments; BErench Ministry of Public Works thus
allocated him an annual subsidy of 5.000 francss Tésearch, prolonged over twenty-five
years, was extended to all fluids and led to gimearovements, especially in the processes
of pressure and temperature measurements and mehsurements of heat quantity. The
huge amount of collected experimental data wasighdyd in 1847 in three volumes of more
than 3200 pages in length and in the Memoirs ofAt@demy in a 767-pages paper. These
results were used constantly for most of the cgntarvalidate scientific theories and in
particular in thermodynamics. His main results lb@ €xpansion of gases and dry vapours,
the density of fluids, the measurement of tempeeatupressures and hygrometry, the
absolute dilatation of mercury, the law of compigisy of elastic fluids and liquids, the
elastic forces of vapours, the latent heat of vapau the specific heat of water and elastic
fluids ... are all contained in this memoir. It kedso been published in more than 50 papers.
Given the amount of Regnault's results, only femisoare developed in the following.

The use of highly accurate graphs

One interesting issue, which has been addressethioyn (1859) and more recently by
Mendoza (2001), is how Regnault calculated the nstgaoperties starting from his
experimental measurements. During the final exanthef Ecole des Mines, Regnault
received distinction in both chemistry and drawihkigs aptitude for drawing, together with
his meticulousness, allowed him in 1847 to be thet fto publish graphs of his
measurements with accuracy better than one hurdredta millimeter. He performed
measurements of the absolute expansion of a coafmmercury with temperature and also
measurements of the vapour pressure of water ovirrge range of temperature to
determine its latent heat of vaporization. The apps used for the first measurements is
fully explained in the course of Jamin (1859). leach experiment, he performed several
series of measurements changing the procedureeagparatus in order to distinguish the
systematic errors from the random ones. Then, tiendi average all the data but selected
the most reliable ones. After some unsuccessts tnith graphs on paper, he worked on a
copper engraving plate, taking all measurementdittimd) the curve directly on the plate. A
section of the 80 cm x 80 cm print from the engdaeepper plate can be found in the paper
of Mendoza (2001). This author told in detail howgRault drew the grid with a home-
made machine and then plotted each measuremertt poirfit his measurements of the
absolute expansion of a column of mercury, he wsepiadratic equation and from that
equation, he calculated the tables.

Vapour pressure of steam

Henri Victor Regnault improved the method of Dalttm measure the elastic force of
vapours at saturation. At the boiling point of guiid, the elastic force of its vapour is equal
to the supported pressure. Thus, if one boils watan enclosure under increasing pressure
conditions, water will reach increasing boiling fnatures at the same time. For each case,
the elastic force of vapour will be equal to thgased pressure. To represent his results and
provide some experimental laws, he used the saomwegure, engraving all his data on a
copper plate... Tables have been later publishediimg in 1845.Today, the most famous
law of Regnault deduced from his huge amount ofsmesments is an empirical formula
giving the latent heat of vaporizatidg (kJ/kg)of water as a function of temperaturgK):
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L, = 3335-— 2.91 T for temperatures in the rang873.15 K — 473.15 Kt is obtained using
the value of the old calory calculated using thpesinents of Rowland (Ekholm 1891).
This equation is often used for the operating dbelaves. It showed in particular that the
theory of Southern and Creigton, who admitted thatas independent af was wrong. All
the results of his experiments on the vapour pressd steam between 28.45°C and
148.26°C have been published in 1844. He publisti®a some works on the latent heat of
fusion of ice and provided useful tables (Regna8#3a).

On the dilatation of gases

Regnault measured the increase of the elastic fafreegas, when it is brought to a higher
temperature at constant volume assuming the Boygaete’s law. From this measurement,
he was able to determine indirectly the dilatatbdrgases. Gay-Lussac stated three laws on
the dilatation of gases. Firstly, all gases dilagually. Secondly, their dilatation is
independent of pressure and finally, the coefficardilatation of all gases is equal to 1.375
between 0 and 100°C. Dulong and Poisson propospeécgvely the values 1.338 and 1.421
for air. Gustav Magnus (1802-1870) in Germany aearHVictor Regnault in France were
not convinced about that and, from 1841, they spdat of time using different methods to
demonstrate that the value 1.375 was only apprdeimn#&rue. Regnault used three methods
to study the dilatation of dry air. With the sucsige approximation method, which
corresponds to a dilatation at a constant voluragbitained 1.36645, which was somewhat
different from the value 1.36706 obtained for a@ition at a constant pressure. Regnault
explained this difference by the use of the Boylarigtte’s law, which is not exactly true
for the dilatation at a constant volume. Thus,dlfference between the two approaches was
real and the value 1.375 proposed by Gay-Lussaddlbe definitively replaced by the ones
proposed by Regnault. He proceeded with many o#xg@eriments to investigate the
dilatation at constant pressure, at constant voldoredifferent types of gases (hydrogen,
air, sulphurous acid, carbonic acid...) and for ddfe pressure levels. He finally showed
that all gases dilate unequally. He also performehy measurements using different
procedures (sudden or successive expansions) amdrious geometrical configurations
(capillarity tubes, orifice in a thin plate...). Theader can refer to the memoirs of Regnault
on the expansion of gases (1842a, 1869).

Perfect gas limit and the absolute zero

The measurements of Regnault were also used thliskt#éhe state equation of perfect gas.
In his memoir on Carnot cycles (1834), Emile Clapaycombined the Boyle-Mariotte’s
law (1662) relating volume and pressure with thg-Gassac’s law (1802) relating volume
and temperature to obtaip:v = R’ (a + t), wherea=267, t is the temperature in degrees
centigrade angp andv are the absolute pressure and volume per unit meggectively.
Clausius proposed in 1850 another valueas73 based on the experimental data of
Regnault and then substituted the absolute temperatin place of(a + t), to obtain the
well-known Boyle-Mariotte-Gay-Lussac law or nowadaiie perfect gas layg v = R’ T,
with R = R / m(m the mass of gas) amithe universal gas constant equal to 8.314 J/kg/K.



One question that remained: why did Clapeyron chdbe letteR for this constant? This
problem has been addressed recently by Jensen)(2008 theory is that this choice was
arbitrary and the most probable reason was fhatood forraison or rapport (ratio in
English), asR is obtained by the ratio betweénm v) and T. Jensen (2003) suggested that
some scientists from IUPAC might have consideredame the symbdR for the ideal gas
constant in honor of a famous scientist, in thggmmn, Henri Victor Regnault, whose
accurate experimental data were used by Clausiasrtect the conversion factor between
the centigrade and absolute temperature scalemawhluate the value &

This last equation operates for perfect gases ahdion real ones. Nevertheless, real gases
approach the perfect gas limit when the pressudepsity tends to zero. This topic received
much attention, particularly from Regnault, who veagare of the difficulty to solve this
problem experimentally. In a letter sent to Willidfhomson the ‘9 of May 1854, Rankine
proposed a new expression for the equation of &hateal gases, where the leading term is
linear in densityp v/ (RT) =1+ B/ v +..., whereB is the second virial coefficient
proportional to the amount of gas and function arflyhe temperature. Rankine used some
measurements of Regnault (1842) of the mean inereagpressure of a gas heated at
constant volume in the ran@100°C He extrapolated these results obtained for air an
carbon dioxide to provide an estimate value of 2eeo of the perfect gas scale at zero
pressure equal t274.6°C The measurements of Regnault of the expansiofficdeat and

the rate of increase of volume of a gas heatedradtant pressure provided a better estimate
of the absolute zero, which was confirmed by modiata as being equal 1873.16°C

Innovative measurement apparatus

The perfection of the methodology of physical measients took place rapidly between

1820 and 1840 by researchers like Karl Friedriclugsa1777-1855), Georg Simon Ohm

(1789-1854), Gustav Magnus and Henri Victor Regndul fact, Regnault's penchant for

accurate measurements led him to build his own oneasent apparatuses (thermometers,
pycnometers, volumenometer, dew point apparatusand sometimes to perfect very

curious machines (respiratory apparatus...). Thedimerforming accurate measurements
was to produce useful data as a basis for empigeaéralization, thus attempting to solve
theoretical problems. But the goal was not onlyn@ke the measurements controllable but
also to design basic measurement methods free &moyntheoretical interpretation. He

transmitted his stubborn will for performing acderaneasurements to his disciple William

Thomson, who followed the same path.

Prior to his famous campaign to measure the steapegies, in 1825 he developed the first
psychrometer, a tool for measuring humidity. It vimsed on some observations: when a
piece of muslin was moistened with water, wrappedirad a thermometer and then exposed
to atmosphere, evaporation and cooling occurred andindication of the cooling
temperature was obtained. The psychrometer desigpdglegnault was composed of two
thermometers whose temperature scales matchedlaretpside by side. The bulb of one
thermometer was fitted by a sleeve of cotton soakiét distilled water. A flow of air was
imposed over the thermometers, which induced thep@ation of water from the wet
thermometer. Its bulb was thus cooled until a tl@rmquilibrium was reached. By
monitoring the temperatures of both thermometersnitlity measurements could be
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deduced easily. To validate its results, he contprem with many cares to the chemical
method. As usual he considered the influence ogpadmeters: dry or saturated air, closed
or opened rooms, inside or outside (Regnault 184in 1859).

Regnault studied the whole subject of thermometiiically with the constant care of
identifying all sources of error. His aim was tadia thermometer for which a change in
temperature was proportional to the heat addetldand capable of measuring temperatures
accurately. Using his results on the dilatationgaées, he substantially improved the air
thermometer of Dulong and Petit. He showed thagmie air inside the thermometer was
at different pressure levels, the temperatures onedsremained exactly the same. He
changed also the nature of gas. If air was repldgednother gas like hydrogen, carbonic
acid or sulphurous acid, some differences couldeappAfterwards he modified the
reservoir to see if using a reservoir made in gtass crystal might change the results. But
they did not. Finally, he compared the results ioleth by air thermometer and mercury
thermometer. For high temperatures, he showed impetally that the measured value
depended strongly on the purity of glass when usiegcury temperature (Regnault 1842b,
Jamin 1859). Thus, the gas thermometer was at tim&t the more accurate way for
determining high temperatures and could be bagkdresan constant pressure or on constant
volume. Later, he obtained also very accurate teatpe measurements with the constant
volume hydrogen thermometer, which was then stahdar

Figure 46. — Pycn
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Figure 3 Pycnometers designed by Henri Victor Regnaultt(oecof Y. Berard,
Oceanographic Museum of Monaco, NOAA Collect).



In 1843, he was the first to design pycnometerspsghthree examples are presented in
Figure 3. These instruments were used to measergethsity of liquids. Regnault compared
the use of pycnometers with other apparatuseshééydrostatic balance. In the same way,
he developed also the specific gravity bottle: liheid inside the bottle, whose volume and
mass are perfectly known, was weighed and its temsas then calculated. He designed
also other apparatuses to measure accurately tisgylef gases and vapours (Jamin, 1859).

Figure 4 The respiratory physiology apparatus of Henri didRegnault and Jules Reiset
(1849).

During the 18 century, the human body was seen as the most atgnl but interesting
heat machine. Justus Von Liebig studied the chdnbedance in animals in order to
determine the nutritional values of some food potsluRegnault had worked under the
guidance of Von Liebig in Giessen, and in 1849,hwite help of Jules de Reiset, he
perfected the respiratory calorimeter shown in Fégd. Thanks to this machine, it was
possible to assay respiratory gas exchange of snathals over extended periods. This
technigue known today as the Regnault method hexs &daapted later to aquatic animals. In
this closed loop apparatus, oxygen was suppligiegalog by a tube on the left and carbon
dioxide was removed by the tubes on the right. fidepired air was passed through an
absorbent to remove the carbon dioxide and themmned to the respiration chamber to be
used over again. Oxygen was supplied as needegptace that taken up by the animal.
Thus, the oxygen consumed was measured directlihéyquantity required to maintain
constant pressure in the system. The amount obpadipxide given off was obtained by
weighing the absorption vessels or by titrationrm8onstruments for measuring temperature
and pressure changes were also placed in the chaRrben their experiments, they drew
some conclusions: if the animal has a vegetarian, die transforms more oxygen into
carbonic acid. They noticed also that one parthef axygen has been used to transform
foods into uric acid... This part is more importahthe animal eats more meat or grease.
The last observation was that if the animal is sickoluntarily hungry, it absorbs nitrogen
instead of exhaling it.
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Figure 5 Regnault’s chronograph.

When Regnault studied the specific heat of gasesyds aware that the ratio of the specific
heats of gases (the coefficiept depended strongly on the speed of sound. An ateur
determination of the speed of sound was the promofsa better understanding of the
molecular constitutions of gases and of the lawsegung their behaviours. Convinced that
the early measurements performed since 1677 waceumate, Regnault designed in 1868
an apparatus for determining the speed of sounghbta of accurately measuring time
intervals to fractions of a second. Reels of 2 cialevpaper tape were prepared by cranking
them over a smoky camphor candle (Figure 5). TDlgéyspaper tape was then placed in the
chronograph so that marks from three metal stylildde scratched onto the smoked
surface. One stylus, attached to a standard alaltyridriven tuning fork, laid down a
continuous trace of a sine wave. The other twb stgre driven by electrical on and off
signals. The time interval between the on and tffiesignals was easily determined by
counting the number of sine waves between them.nmidéthod was thus independent of the
rate at which the paper was cranked through theéeln underground tunnels of Paris up
to 5 km long, he ran wires to carry electrical signfrom a sound producer and a sound
receiver to his device. This apparatus found mahgroapplications. In particular, it was
used to quantify the effects of small doses of ditom and ether on the rapidity of nervous
and mental processes (Coats et al. 1879). Betvieehd' of November 1862 and the " 4f
July 1866, he measured the speed of sound in difiea other gases. He confirmed that the
speed of sound in gases is independent of pressuré decreases with distance and is
proportional to the diameter of the tube used.

Regnault's skill in developing his own measurenspparatuses in all fields of chemistry,
and most of all of physics, led him at the endisefdareer to strongly advocate for the use of
the best instruments to measure pressure, tempgraggrometry and quantity of carbonic
acid for meteorological purposes. For example i5218he published a paper on the
apparatuses to use to measure temperature andinerésshe different atmospheric layers
(Regnault 1862). In his paper of 1871, he propdsadse the basin barometer for measuring
barometric heights. He compared also the advantaggslisadvantages of air thermometer,
liquid thermometer and thermo-electrical thermomé&ie example. In the same volume, he



wrote another memoir on a new gas manometer, highburate and dedicated to high
pressure measurements in gases (Regnault 1871b).

Henri Victor Regnault, the photographer (1841-1872)

Many French scientists of Victor Regnault's genenagxperimented with photography, but

Regnault was unusual in his ability to move seashjelsetween the new medium's distinct

provinces of science, art, and industry. Thisndaubtedly why his peers elected him as the
first president of the Société Francaise de Phefdge (SFP) in 1854, an organization

founded with the explicit mission of advancing pigraphy into these three spheres of
modern life.

Figure 6 Henri Victor Regnault, Acoustic Experiment, calatyg. 1850. Société francaise
de photographie, 473.142.

The full extent of Regnault's photographic practicé probably never be known; what
remains today is the image of a man captivated Hey gromise of photography and
committed to its progress, pieced together from bitcorrespondence and documents from
the SFP. One additional resource remains beyorse ttextual fragments: over two hundred
negatives made by Regnault between 1848 and 1888. adithough the majority of
Regnault's images show him employing the camethdrtypical manner of the "gentleman
amateur,” that is, using it in leisure hours to en&&mily portraits and artistic images, it is
significant that Regnault felt compelled to justifis photographic activities as a supplement
to his scientific research. The photography in Fegé shows for example an acoustic
experiment of Regnault.
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First experiments with photography

As a visual record of time elapsed, photography masarally regarded by scientists of that
empirical age as a discovery of tremendous impoetawith the eminent physicist, Jean-
Baptiste Biot, remarking that Daguerre had dondingtless than place an "artificial retina"
in the service of science. It is not known exagtlyen Regnault first took up photography,
but by 1841, he was already significantly involhiedhe emergent medium. In that year,
Biot received sensitized paper and instructionsit®muse from the English photographic
inventor William Henry Fox Talbot, which he passddng to Regnault, assuring Talbot that
Regnault would turn a better hand to Talbot's nealdtype™ process, since he was already
proficient with the daguerreotype. Still, it ikdiy that Regnault's photographic work in the
early 1840s was fitful, as these were the frengtiars that opened his galloping career in
science. Noticed early on as one of the most pliamistudents of his class at the Ecole
Polytechnique, Regnault had already been electéuetdcadémie des Sciences by 1840, at
the impossibly young age of 29. From his adjunofgssorship at the Ecole des Mines in
1839, he moved to a dual appointment at the Ecelatr&le des Arts et Manufactures and
the Ecole Polytechnique in 1840, and by 1841, i l&f these positions for the chair in
physics at the College de France. Yet he still 6tosome time for photography, for the
record shows him practicing calotype photographwther neophyte photographers in the
1840s, like the English amateur Calvert Jones dred Rrench photographic inventor
Hippolyte Bayard (Kraus 1990). The Comptes renduthe Académie des Sciences also
record the frequency with which Regnault was askedest the many photographic
improvements brought before the Academy in the &84ihe of the most significant of
these was presented by Louis-Désiré Blanquart-Byear inventor from Lille who brought
forward an improved paper photography process uhahately succeeded in outflanking
the stifling patents Talbot had placed on paperatieg photography. In 1847, Regnault
chaired the academic committee that examined Blamdgvrard's process, and it is possible
that this experience inspired his subsequent safrghotographic activity.

Photography's foremost technical expert

The year 1851 was a seminal year for photographarkimg the point at which a basic
institutional and commercial superstructure camgetizer to support the growth of
photography, and Regnault was at the center oktdeselopments. In that year, he joined
with other scientists, artists, and illuminati torh the first photographic society, the Société
Héliographique, a rarified circle that met infortgadver dinners to discuss the latest details
of the new medium. One by-product of the Sociétés wa Lumiere, Europe's first
photography journal, also launched in 1851. Infiitst few years of publication, we find
frequent mention of Regnault's photographic ad#igjt including such things as his
discoveries for a method of chemically reducing tpgmaphs to line drawings, the use of
pyrogallic acid as a developer, and the use ofvd®ium pump in sensitizing paper. La
Lumiere also carried reports of the Société Heélpbique meetings, which reveal



Regnault's position as the recognized expert is@éntific and technical matters. Indeed,
his double expertise in chemistry and physics niade the leading authority on matters
involving both chemistry and optics, and he wowdhain photography's leading technical
expert well into the 1860s. One recalls that dady era in photography fostered multiple
photographic processes—the daguerreotype, theypalothe collodion wet-plate, to name
the three most common—and Regnault worked with takm

Only two instances of Regnault's work having beemgted in public, in 1852 and 1853,
when his friend John Stewart placed his own cabectof Regnault's landscapes in
photographic exhibitions at the London Society oftsA Writing on the first SFP
photographic salon in 1855, Paul Périer remarke®egnault's self-imposed absence from
the artistic ranks when he described him as "ogekent and illustrious President, who in
his rare hours of leisure makes prints of the fagsality, known to too few privileged
persons, but who ... speaks to us of art, as if wemlead any other religion, and as if he
was not also one of the champions of European sgigPérier 1855).

Artistic work in photography

Eventually, Regnault's own photography was quitgdten and his substantial body of
photographs was simply mistaken as his persondbghaphy collection. As we now know,
Regnault was not simply the technical expert atcénaer of a circle of artist-practitioners;
he was their equal as an image-maker, and despitgewer sensibility kept him from
exhibiting in the photographic salons alongsiderthee was as artistically motivated in the
execution of his photographs as his peers.

S

Figure 7: Henri Victor Regnault, Eugéne Regnaukegs calotype, c. 1852. Société
Francaise de Photographie, 473.21.

Regnault's earliest series—about 150 portraits—wezde between 1848 and 1852. Dozens
of these images portray his wife, children, andeeded family (Figure 7), and they
comprise what may be the most extensive group ofilyaportraits of this early era.
Compared with the formality of most early photodrapthese family portraits are surprising
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in their intimacy and sense of play. The calotppecess was slow by modern standards,
with exposure times between 10 and 30 secondsptue a "living" image was therefore
the aspiration of good photographers. To photograishchildren while simultaneously
holding them still and retaining a sense of aniorgtRegnault experimented with clothes,
affectionate poses, placing the younger childrethénlap of his wife or eldest son, or even
photographing his youngest child asleep in his.d¥ioreover, photographing in natural,
ambient light, Regnault achieved a naturalism tloatks entirely different from the
predictably controlled sky-lit portraits made by throfessionals of the period. So while the
pictures made at these lengthy sittings could eotdlled spontaneous, their vitality would
rarely be matched before 1880s, when flexible fnd simplified cameras ushered in the
shapshot era.

Around 1850, Regnault also began making dozensmigits of his associates at the Institut
and the College de France. These sittings toolepbaitside of his office, where he appears
to have caught his colleagues coming to and frastutes and meetings, inducing them to
sit for a portrait. There is an offhand air abthése images, as well; the range of poses and
demeanors suggests Regnault allowed the sitteraringe themselves. The brilliant
physiologist Claude Bernard faces the camera vatmidable ferocity, the Saint-Simonist
economist Michel Chevalier gazes past the camesded in prim self-composure, and the
orientalist Jules von Mohl sits with top hat, a il papers, and umbrella in hand, ready to
move on to his next appointment. Many of thesersitare still unidentified, but we can be
sure they belonged to Regnault's academic cadre.

By 1852, Regnault had graduated from the smallr@pdl8 x 22 cm) camera he used for
portraits to a large (approx. 33 x 43 cm) camera |lamdscapes. The stimulus to
photographing landscape was surely his relocatiahat year to the small town of Sévres,
just west of Paris across the Seine (Figure 8)r&vhe had been sent by the government to
direct the state porcelain factory. Regnault hadcldy realized the burdens of his
administrative position, and between his struggiéth the Emperor's minister and the
factory's nearly 200 employees, he was miserabtaugin to submit his resignation in
1853—which the Emperor declined to accept. One epted to believe that his
photography became a respite from work—one of ttrapensations of living at Sevres.
Stealing time from his factory obligations, he tolis large view camera and its heavy
tripod into the ancient forests, gardens and altéddbe nearby Parc de Saint-Cloud and to
the farms and dwellings along the river's edge,dpcong several dozen atmospheric
landscapes in the manner of Barbizon artists, séeémwhom lived nearby and occasionally
visited the factory. Regnault's early morning viewade along the river are remarkable for
their sense of tangible light and atmosphere, wiak led at least one art historian to
describe Regnault as "proto-impressionistic® (Heitb 1984). At other times, he
photographed on the extensive factory grounds, mgakirchitectural studies, rustic still
lives, and even genre studies of the factory's |adjom at work and at rest.



Figure 8: Henri Victor Regnault, Banks of the Sanear Meudon, calotype, c. 1852. Sociéeté
francaise de photographie, 473.177.

Decline in photographic work

There are many frustrating gaps in the record ofrRslt's photographic life, but the

greatest mystery may be why he maintained his pinaphy as a private avocation and
chose to stay behind the scenes as the technipaltexvhile his SFP colleagues took full

advantage of the burgeoning photographic saloruiiiih Europe. In the early 1850s, La
Lumiere reported Regnault's participation at thegjfient "photographic soirées" hosted by
prominent figures in the small world of artisticqdbgraphy, at which he would have shared
his latest work, yet he purposely stayed out of phblic view as a photographer, even
declining to show work in the SFP's annual salon.

Two clues to this reticence are found in a paietiers, the first addressed to his mentor and
friend, the German chemist Justus von Liebig, withom he had studied in the 1830s.
Regnault's 1851 letter concerned a portrait herhade of Liebig, and included this curious
comment: "l am devoting myself to this art, not &musement, but because | am shooting a
great part for the drawings in my work on Physicai' assertion that he involuntarily
contradicted by adding "When the weather improvditla, | will make my own portrait
and send you one" (Regnault 1851a). This asseitiominates Regnault's conflicted
motivations, especially when we consider that anlyandful of photographs related to his
scientific work (ten photographs of staged acoustiperiments) are known to survive,
compared with more than 200 extant works of langiscgortraiture, and still life. One
further comment, made to the scientist Sir Johrsetezl, gives further insight to Regnault's
ambivalence. In a letter of 1851, Regnault desdrilbterschel’s brother-in-law, John
Stewart, who had recently taken up photographyvégs times | have received news of
Mr. Stewart, who definitively possesses this fagassion for photography; he surrenders
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himself to it with the ardor of a new husband, ardbn't doubt that he will obtain good
results. As for me, | reproach myself everydaytha time | spent with it, and that | should
have used to finish the works which have absorbedanseveral years” (Regnault 1851b).
The reader can refer to the recent book of Dahlf20§5) for more details about the legacy
of Regnault in photography.

His most ambitious landscapes were still before When he wrote this, but Regnault
increasingly found that his duties at the Manufeetde Sévres, his state-commissioned
scientific research, and the demands his largelyal®it no room for photography. He
would continue to direct the SFP until 1868, bt dwvn photography seems to have tapered
off after 1855. And while he set the practice bbfography aside in order to concentrate
upon his scientific work, it seems he always insghdo go back to it. In a letter dated
January 19, 1870, his son, the celebrated artistiHRegnault, urged his father to visit him
in Morocco with promises of photography: "I hopeuylocome see me here next autumn.
You can do photography and go hunting with Lagraeweery evening you'll return with a
dozen hare and partridge, and a dozen negativBalpgrc 1872). Sadly, the Franco-
Prussian War intervened, and exactly one year Hésri was killed on the battlefield of
Buzenval, an event that cast the end of Regndif#'sn deep shadow. With his family
shattered and his once-brilliant career passed loyehifting scientific currents, Regnault,
his scientific legacy, and his photography felbimbscurity. He died on January 19, 1878,
on the seventh anniversary of Henri's death.

Conclusion

Regnault's photography was quickly forgotten aftisr death. In fact, the emphasis on his
role as a technical expert and not as one of ttigtsapf the medium—an image he clearly
helped create—is responsible at least in part fog fact that Regnault has been
systematically overlooked in the international sedvery of early photography that began
in the 1970s. Given that this reassessment toakepin the art world, it is perhaps not
surprising that curators, dealers and collectarst tombed the literature and archives of
early photography for those who were recognizedrdistic photographers in their own
time, whereas Regnault appears to have activelydesioparticipating in exhibitions and
otherwise accepting the public role of an artist the new medium. Happily, his
contributions to the history of early photograplsysdleader, a technical expert, and an artist,
have begun to be recognized by a new generati@tludlars and curators in the past ten
years (Dahlberg 2005).

As for his legacy as a scientist, compared to brgemporaries (Hermann Helmholtz, Julius
Von Mayer, James Prescott Joule, William Rankineidd¥ Clausius, James Clerk
Maxwell...), Henri Victor Regnault rapidly sank intblivion. One finds some possible
explanations in the discourse of de Lapparent (L897n the review of Fox (1971). De
Lapparent (1897) claimed in his tribute to his eafjue that: Regnault a été un grand



savant. Il edt paru plus grand encore si, moingpigeie au regard des théories, il avait
appligué son génie, soit a développer ce que cargahen germe ses belles recherches sur
les éthers, soit a faire sortir de ses expéried@&egiation caractéristique des fluides, soit a
ne se laisser devancer par personne dans |'étalissit des lois de la Thermodynamigee
He regreted also that Regnault transmitted his kedge to only very few students even if
he was the mentor at the Ecole Polytechnique afeatigious student, William Thomson.
Robert Fox (1971) drew the same conclusion. Acogrdo him, the 1830s marked the end
of the French supremacy in physical sciences aaddbults of Regnault, which were only
an «unimaginative quest for unimpeachable numberappeared to be less important than
those of Laplace for example. Clifford Truesdel®&0) went much further by presenting
some of Regnault’'s experiments in his book, in @ptér entitled “The Disastrous Effects of
Experiment upon the Development of Thermodynaml®&i?2-1853", by considering the
work of Regnault as a brake for progress in theynathics. Finally, Le Chatelier (1911)
pointed out also that the memoirs of Regnault vBeraewhat difficult to read.

Considering his fruitful career in retrospect, #wplanations of Le Chatelier (1911), Fox
(1971) and Truesdell (1980) are knockers. In spitall the misfortunes which haunted his
life (the deaths of his parents when he was etgbtdeaths of his wife and of his son and all
his problems of health), Henri Victor Regnault ldfehind him major discoveries in
chemistry (law of substitutions, PVC...) and numertavgs in thermodynamics (latent heat
of vaporization of water, specific heat of gasegjitls and solids...) deduced from a huge
amount of very useful and accurate data. He imgtoe value of the absolute zero
temperature and published, in 184n early version of the perfect gas law. He dewesdop
many methods for performing accurate measuremantisei fields of acoustics, chemistry
and most of all thermodynamics, which were rapi@tgepted as superior to any existing
approaches. This also was the opportunity for hondesign new and sometimes exotic
apparatuses: psychrometers, thermometers, hygrmnefgcnometers, chronographs,
respiratory apparatuses... The French chemist MarcBkrthelot (1827-1907) regarded
him as the “personification of the genious of psemm”. It is corroborated by many other
marks of sympathy by Dumas or Arago among otheeginRult published also his famous
Cours élémentaire de chimiehich became a best seller during th& téntury and which
was the first book specially written for teachifiguus, the legacy of Henri Victor Regnault
in chemistry and thermodynamics is huge and fot teason, we should hope that his
meaning for the students of today would not onlytheeuniversal gas constaRtcontained

in the perfect gas law.
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