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Julius Thomsen
A Life in Chemistry and Beyond



Abstract

The Danish chemist Julius Thomsen (1826-1909) was a pioneer of 
thermochemistry, a highly reputed member of the European chemi
cal community, and an admired leader of Danish science. He 
spanned the period between two of the country’s scientific luminar
ies, H. C. Ørsted and Niels Bohr. Apart from his important contri
butions to pure chemistry Thomsen also engaged successfully in 
Danish chemical industry by developing a method of producing 
soda from the Greenlandic mineral cryolite. This volume offers for 
the first time a comprehensive account of Thomsen’s life and work 
intended for an international readership. Structured in eight chap
ters the book focuses on Thomsen’s scientific work but also deals 
extensively with his life and career, his administrative and cultural 
activities, and his personality and relations to contemporary scien
tists. Based in part on hitherto unexplored archival sources it offers 
a novel picture of Thomsen, the man and the chemist, and places 
his work in the context of international history of science. Among 
other things, the book presents in detail Thomsen’s late work on the 
composite atom and the meaning of the periodic system of the 
chemical elements.
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Preface

Julius Thomsen was a prominent nineteenth-century Danish chem
ist who acquired fame for his systematic and meticulous measure
ments of the thermal effects associated with chemical processes. 
Apart from his position as one of the founders of classical thermo
chemistry he is also remembered for his early method of producing 
soda from the Greenlandic mineral cryolite, a discovery that result
ed in a major industrial enterprise. Keenly interested in the electri
cal sciences he constructed a new type of battery which for a while 
attracted attention. Last but not least, he made significant contribu
tions to the understanding of the periodic system in terms of the 
hypothesis of composite atoms - and he ended his career by ques
tioning if argon was really a chemical element.

Although Thomsen once was an internationally celebrated sci
entist, today his name and work has largely fallen into oblivion even 
in his native country. On the occasion of his death in 1909 several 
obituaries and memorial articles were written about him, but appar
ently no-one thought of writing a full-scale biography of the man 
and his science. The present work offers a comprehensive account 
of Thomsen’s life with an emphasis on his contributions to thermo
chemistry and other branches of science. A dominant actor on the 
scene of Danish science in the period beteen the two giants H. C. 
Ørsted and N. Bohr, Thomsen deserves attention from the point of 
view of national as well as international history of science. He was 
admittedly not an innovator of the same scale as Ørsted and Bohr, 
but in other respects his importance for Danish science was almost 
as great. Many years ago I wrote a couple of papers on some of 
Thomsen’s major contributions to pure and applied science (see the 
bibliography, items Kragh 1982, 1984, and 1995). Since then noth
ing substantial has been published on him or his science.

In what follows I have attempted to present a full picture of 
Thomsen and the period in which he lived, meaning not only his 
science but also his significant contributions to Danish society in 
general. These contributions were in part of an industrial-techno

7



PREFACE SCI.DAN.M. 2

logical nature (such as the cryolite business) and in part related to 
institutions of higher learning (such as the University of Copenha
gen and the Polytechnic College). All the same, the focus of the 
book is on Thomsen’s scientific work rather than his administrative 
and political activities. While the former is of interest to interna
tional history of science, and of course to history of chemistry in 
particular, the latter will mostly be of interest within a local or na
tional context. The picture I present of Thomsen is in many respects 
novel, in particular because I call attention to his relatively broad 
interests and work in areas outside experimental thermochemistry. 
This work, covering physics, electrochemistry, structural organic 
chemistry, and atomic theory, has not previously attracted much at
tention. Unfortunately, the scarcity of primary sources which au
thentically illuminate his personality makes my description of 
Thomsen’s personal life somewhat incomplete. On the other hand, 
it is less incomplete than earlier descriptions.

Most archival material concerning Thomsen’s life and work is 
kept at the Royal Library, Copenhagen. There are also a few letters 
from Danish scientists (L. V. Lorenz, A. F. Paulsen, P. K. Prytz, J. 
Thomsen) located at the Uppsala University Library. The rich 
sources at the Royal Library consist of three parts of which one con
tains family letters and another is a collection of travel diaries, eco
nomic account books, and some letters and manuscripts. The third 
part is a large collection of letters relating to Thomsen’s scientific 
work, most of them from foreigners. I shall refer to the latter source 
as “Royal Library, TSC” (Thomsen Scientific Correspondence). Al
though I have made use of the available archival sources I have 
done it selectively and not gone through the entire material system
atically or in detail. The list of correspondents includes many of the 
period’s most important scientists and illustrates Thomsen’s central 
position in nineteenth-century chemistry. Among the correspond
ents are J. C. Poggendorff, H. Kolbe, A. Naumann, L. Pfaundler, J. 
Cooke, C. Guldberg, J. Volhard, J. Wislicenus, C. Blomstrand, P. 
Cleve, L. Meyer, V. Meyer, G. Wiedemann, W. Ramsay, D. I. Mend
eleev, W. Ostwald, H. Kopp, A. W. Williamson, A. Horstmann, F. 
W. Clarke, and H. Jahn.

The book is structured in eight chapters followed by three appen
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SCI.DAN.M. 2 PREFACE

dices and an extensive bibliography covering primary as well as sec
ondary sources. One of the appendices considers Thomsen’s impres
sive scientific productivity from a quantitative point of view. In 
Chapter 1 I describe Thomsen’s life from his birth in 1826 up to 
about 1866, when he was appointed full university professor of chem
istry. Parts of this period is more fully described in the following two 
chapters which include his innovative work on cryolite soda (Chapter 
2) and his no less innovative treatise with L. A. Colding on the chol
era epidemic in Copenhagen (Chapter 3). Thomsen’s seminal work 
on experimental and theoretical thermochemistry is the subject of 
Chapter 4 and to some extent also of Chapter 5. The latter chapter 
focuses on the many scientific controversies in which Thomsen was 
involved and of which a priority controversy with Marcellin Berth
elot concerning thermochemistry was the most serious one. Although 
his experimental data survived the emergence of physical chemistry 
in the 1880s, his theory did not. This is described in Chapter 6, which 
also contains discussion of some of Thomsen’s lesser known contri
butions to physics and chemistry. We meet another side of Thomsen’s 
thinking in Chapter 7, which contains a detailed exposition of his - in 
some cases prophetic - ideas of atoms, atomic constitution, and the 
periodic system. While chapters 4-7 are predominantly of a scientific 
nature, in the final Chapter 8 I review aspects of Thomsen’s life in so 
far that it concerned Danish culture, scientific institutions, and soci
ety generally. In addition, in this chapter I attempt to form a picture 
of what kind of person the somewhat reclusive scientist was.

It should be noted that some of the chapters are relatively techni
cal and for this reason may not be easily followed by readers with
out an elementary knowledge of chemistry and physics. However, 
many of the technicalities are innocent and those which are less so 
are necessary to understand what Thomsen’s science was all about. 
One potential problem is the chemical nomenclature which in the 
period was not only somewhat different from the present one but 
also included Danish words for chemical compounds that will not 
be recognisable today. In most cases I have used words and symbols 
which can be easily understood by a modern reader or supplied the 
obsolete word with a kind of non-anachronistic translation.

Helge Kragh
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CHAPTER I

Early years

H. P. J. Julius Thomsen became one of Denmark’s greatest scien
tists, internationally reputed for his work in thermochemistry and 
nationally celebrated as an icon for progress in both science and 
industry - and, not least, the close connection between the two. His 
unique status is illustrated by two large fin de siecle paintings by the 
prominent painter P. S. Krøyer, who portrayed the elite of Danish 
scientists and also the elite of Danish industrialists and technical 
leaders (see also Section 8.4). In both of these paintings Thomsen 
figures in the centre and is one of only two persons found worthy to 
appear in both groups. But Julius Thomsen had to fight hard for 
this unique position, for by birth, education and class he was in no 
way privileged. The wealthy professor, businessman, honorary doc
tor, and Privy Councillor of the early twentieth century was born in 
a lower middle-class family which had only recently moved to Co
penhagen from the German-speaking part of southern Denmark.

In this chapter we follow young Thomsen struggling to obtain a 
position in Danish science, a struggle that started when he entered 
the Polytechnic College in 1843 and was crowned with success 
twenty-three years later with his appointment as university profes
sor of chemistry. In between he had invented an industrial process 
to manufacture soda from the Greenlandic mineral cryolite and, in 
1860, had become a member of the Royal Danish Academy of Sci
ences and Letters. To understand the circumstances under which 
Thomsen created his career one must be aware of Denmark’s scien
tific-technical environment and infrastructure in the period from 
about 1830 to the 1860s. Much of this environment was marked by 
the powerful presence and no less powerful shadow of H. C. Ørsted, 
who directly and indirectly played an important role for Thomsen. 
This was the case not least with regard to the Polytechnic College, 
but also other institutions were instrumental in shaping his career. 
One of the sections sketches the institutional landscape of Danish 
science and another section deals more specifically with the early
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Polytechnic College. Although these institutions may be said to 
have shaped Thomsen’s career, the actual way in which his career 
was created was very much due to his own efforts and not the prod
uct of either institutions or influential patrons.

1.1. Childhood and adolescence

The death of Julius Thomsen in early 1909 was followed by a series 
of obituaries and memorial addresses, some national and others in
ternational. They will be considered in Section 7.3. The prominent 
British chemist Sir Edward Thorpe, a former president of the Lon
don Chemical Society, began a memorial lecture as follows: “Among 
the Danes whose names are inscribed as men of science on the eter
nal bead-roll of fame, that of Julius Thomsen stands preeminent - 
linked indeed with that of Oersted.”1 No higher praise could be 
given.

1. Thorpe (1910), p. 161. Reprinted in E. Thorpe, EssaysinHistmicalChemistry (London: 
Macmillan, 1924), pp. 515-532. Also another prominent chemist, J. N. Brønsted, 
compared Thomsen to Ørsted: “It would be difficult to decide which of the two has 
cast a greater lustre over Danish science.” Brønsted (1932), p. 147.
2. Archival material concerning the Thomsen family, Royal Library, Copenhagen, 
boxes NKS 4306-4°.

Always known as and referring to himself as just Julius Thom
sen, his full name was Hans Peter Jürgen Julius Thomsen. The Ger
man “Jürgen” rather than the Danish “Jørgen” reveals his family 
background in Southern Schleswig in the German-speaking part of 
Denmark. Indeed, his grandfather, a farmer from this part of the 
country, was named Jürgen Thomsen. In the early 1820s Jürgen’s 
son Thomas Thomsen (1787-1862) went to Copenhagen together 
with his wife Jensine Frederikke Thomsen, née Lund (1798-1862). 
As a young man Thomas had attended lectures in chemistry given 
by Christoph Pfaff at the University of Kiel and also, in 1814, fol
lowed lectures by H. C. Ørsted and the astronomer Christian Oluf- 
sen at the University of Copenhagen.2 Thomas Thomsen eventually 
became an accountant at the National Bank and ended up as a 
Counsellor (Kammerråd), but for quite some time the family’s eco
nomic situation was strained and scarcely adequate for the growing 
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number of children. On 16 February 1826 Jensine gave birth to Ju
lius, the first of four sons and the longest-living of them. He had a 
two year older sister, Franzisca Helleonora Marie, and two younger 
sisters, Meta Catharine (b. 1828) and Caroline Auguste (b. 1830). 
Two of Julius’ brothers, Carl August Thomsen (1834-1894) and 
Thomas Gottfried Thomsen (1841-1901), became seriously involved 
in the chemical sciences, while Sigismund Gotthelf Thomsen (1831- 
1903) became an attorney.3

3. Copenhagen census of 1840, see http://www.onlinearkivalier.dk/cid4738638. 
According to Bjerrum (1909), Julius was the second of eight children. The census 
mentions a Carl Aage Thomsen born in 1834, the same year as Carl August. See also 
Appendix C.
4. For the research of the two Thomsen brothers, see Veibel (1943), and, for their 
careers, Dansk Biografisk Leksikon.

Julius Thomsen’s two brothers August and Thomas both gradu
ated from the Polytechnic College in “applied science,” as Julius 
had done before them, and they followed careers in pure and ap
plied chemistry. While Julius never became an “academic citizen,” 
both of his brothers were students from a reputed Copenhagen 
high school (“Borgerdydskolen” on Christianshavn founded in 
1795) and had passed the traditional entrance exam to the univer
sity known as examen philosophicum. In 1871 August was appointed a 
docent (lecturer) in technical chemistry at the Polytechnic College, 
a position which was changed into a full professorship shortly be
fore his death in 1894. At several occasions he collaborated with his 
older brother, in particular as the founding editors of the Tidsskriftfor 
Physik og Chemie (Journal of Physics and Chemistry) to be mentioned 
later in this chapter.

Also Thomas Thomsen junior worked with and under his broth
er Julius, in part as an assistant at the cryolite mines in Greenland 
and in part at the chemical laboratory belonging to the University 
of Copenhagen. He clearly had a talent for science, such as indi
cated by a series of publications on the optical rotation of organic 
substances that he wrote 1880-1881. While Thomas Thomsen was 
an internationally oriented research chemist, August Thomsen only 
published a few Danish works of a popular and technical nature.4 A 
chemical treatise of 1885 dealing with the chemical equilibrium in 
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aqueous solutions was valuable but also the last one from Thomas 
Thomsen’s pen. In stark contrast to his famous brother, Thomas 
was deeply religious and at the time he published his memoir on 
aqueous equilibria he decided to quit chemistry for the sake of the
ology. From 1888 to his death in 1901 he served as a priest in the 
Danish Lutheran Church. When the Royal Danish Academy of Sci
ences and Letters was informed about Thomas’ decision, three 
members of its scientific class expressed their regret that a promis
ing and original mind had been lost for science. On their recom
mendation the Academy chose to honour Thomas Thomsen with a 
gold medal “in recognition and gratitude for his beautiful contribu
tions to science.”5 About thirty years earlier, Julius, Thomas’s senior 
by fifteen years, had been awarded a silver medal from the Academy.

5. Letter of 5 May 1885, signed by C. T. Barfoed, C. Christiansen, and S. M. 
Jørgensen. Royal Danish Academy, Main Archive 1882-1897.
6. For the von Westen Institute and its modest science teaching in the 1840s, see Riis 
Larsen (1991), pp. 175-178.

But back to Julius Thomsen, who grew up in a lower middle
class family with interest in science and culture but no tradition for 
higher education. He was sent to a German-Danish church school 
in central Copenhagen (Skt. Petri Kirkeskole) and subsequently to 
the von Westen Institute, a higher gymnasium school founded in 
1799 from which it was possible to take a student’s exam. The school 
offered a course in elementary physics for the higher classes, but no 
chemistry.6 Like most other schools at the time its focus was classi
cal education, meaning Greek and Latin. At any rate, although 
young Julius was recognised to be a bright kid he never passed the 
exam that would qualify him for studies at the University. He left 
the school in late September 1841, probably with no more than a 
rudimentary knowledge of Latin - a deficiency which mattered in 
those days. What interested Julius were neither Latin nor literature, 
but science generally and chemistry in particular.

In the years 1841-1843 Julius was allowed to work as a laboratory 
assistant to Edvard August Scharling, associate professor of chemis
try and lecturer at the Polytechnic College (and H. C. Ørsted’s son 
in law). Scharling valued his young assistant who, remarkably, made

14
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236 Scharling, Verwehe filter die Quantität

Stunden nach dem Essen und einem kurzen Spaziergang 89, 
3 Stunden nach Tisch 80, und 4 Stunden nach dem Mittagsessen 
wieder 72 Schläge.

Vergleicht man nach meinen Versuchen das Verhältnis 
zwischen der in der Nacht und der am Tage ausgealhmeten 
Kohlenstoff-Menge, so ergiebt sich folgende Tabelle:

Nr. 1. Scharling 1 : 1,237
Nr. 2. Thomsen 1 ; 1,235 
Nr. 3. Der Soldat.......................... 1 : 1,42
Nr. 4. Das erwachsene Mädchen 1 : 1,24
Nr. 5. Der Knabe 1 : 1,268
Nr. 6. Das kleine Nadelten . . 1 ; 1,225.

Nimmt man aus diesen 6 Verhältnifszalden das Mittel, so 
wird das Verhältnifs der in der Nacht ausgeathmeten Kohlen
stoff-Menge zu der, welche am Tuge ausgealhmet wird, wie 
1 : 1,237; oder es wird am Tage, im wachenden Zustande un
gefähr % Kohlenstoff mehr ausgealhmet, als Nachts während 
des Schlafes.

Figure 1.1. Thomsen’s debut in chemistry. Source: Scharling (1843).

his entry in the international chemical literature at the tender age of 
16 (Figure 1.1). In 1842 Scharling performed systematic measure
ments of the amount of carbon dioxide exhaled by humans. Using 
himself and five other test persons he measured the emitted carbon 
dioxide at various conditions and for various ages. One of the guin
ea pigs was Thomsen, “a 16-year-old man who weighed 115.5 pounds 
and in 24 hours exhaled 224.37 g.”7 Not only did Thomsen figure by 
name in Scharling’s paper, the Danish chemist also acknowledged 
some helpful suggestions made by his youthful assistant.

7. Scharling (1843). In the Danish version of the paper published in the Royal 
Academy’s Shifter Scharling referred to Thomsen as “a young man who most 
diligently studies chemistry under my supervision.” 1 pound = 0.5 kg.
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The experience in Scharling’s laboratory undoubtedly wetted 
Thomsen’s appetite for making a career as a chemist. He might 
have become the apprentice of a pharmacist, such as several notable 
Danish chemists had started their careers, including Ørsted, W. C. 
Zeise and Scharling. But at the time there was another alternative 
for a youngster without a student’s exam.8 The Polytechnic College 
founded in 1829 did not require this exam. One could enter the Col
lege either with the examen philosophicum (as August and Thomas did) 
or by passing an entrance exam. Admission was not easy, as it re
quired knowledge of “first principles of algebra ... and the equa
tions of first and second degree, including geometry, stereometry, 
and plane geometry; history and geography; experience in writing 
Danish; and as much knowledge of French and German which is 
necessary to understand scientific works in these languages.”9

8. According to Veibel (1939), p. 202 and also Vinding (1941), p. 31, Thomsen 
worked briefly as an apprentice to a pharmacist. However, there is no documentation 
for this. Apparently his father thought of the possibility and tried perhaps, if so 
unsuccessfully, to persuade Julius. See Christensen (1910), p. 156.
g. See Lundbye (1929), p. 39. The textbooks used at the Polytechnic College were 
mostly in Danish, but some teaching material was in German or French.

Not only did admission to the Polytechnic College require a 
passed entrance exam, it also required fees for tuition and the 
Thomsen family was short of money. Fortunately the College had 
access to a few free places paid by the Society for the Dissemination 
of Science. On 29 October 1843 Julius’ father addressed the Society 
with a request that his son received one of the free places. The letter 
provides a rare insight in the life of Julius Thomsen as a teenager:

My oldest son has throughout shown great desire and talent for 
chemical and mechanical subjects. Already when he was 12 years old 
he mastered logarithms. He was always the best in his class in math
ematics, and after attending school he eagerly read books from the 
school library about the physics of the Earth, about electricity and 
about the steam engine, whose constitution he explained to me. 
Moreover, a little before confirmation he built an electrifying ma
chine which worked quite well. I would rather have preferred that he 
followed training as an office clerk, for in this way it appeared to me 
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that he could support himself and thus ease my heavy burden of edu
cating seven children. After his confirmation I asked him if he might 
wish to study the dead languages [Latin, Greek]; but he replied with 
a firm no, stating that he was determined to become a polytechnic. 
So, on Michaelmas Day [29 September] I took him out of the second- 
highest class of von Westen’s Institute. However, it was too late to be 
admitted to the polytechnic school, which would take another two 
years. For this reason I am most thankful to Mr. Privy Ørsted that he 
managed to provide my son with work at Professor Scharling’s labo
ratory for two years.10

10. Translated from Harding (1924), p. 106. Since Ørsted was the head of both 
institutions, the Polytechnic College and the Society for Dissemination of Science, it 
was essentially his decision to accept Julius as a student. Notice that Thomsen senior 
does not mention anything about Julius as the apprentice of a pharmacist.
11. Thomsen’s average grade was 7.08 on a scale invented by H. C. Ørsted where the 
top grade was 8 and the lowest - 23. For a complete list of graduates from the 
Polytechnic College 1829-1890, see Voigt (1890).

Thomsen senior’s request of a free place for his son was granted on 
the assumption that he passed the entrance exam - which he did. 
Julius would later pay the debt he owed to Ørsted and the Society 
for the Dissemination of Science.

Julius prepared for the entrance exam while working for Schar
ling, and in November 1843 he entered the Polytechnic College as a 
student in the class of “applied science,” essentially chemistry or 
chemical engineering. Little is known about his studies at the Col
lege, except that he must have worked hard and followed the re
quired courses in chemistry, physics, mathematics and workshop 
training. After two and a half year of study, in the spring of 1846 he 
graduated with the highest grade (Laudabilis) at the age of twenty.11 
It should be noted that the number of College students at the time 
was very small; only four of the eights students that commenced 
their study on the applied science line in 1843 actually completed it 
with a polytechnic exam. Far from being anomalous, the small 
numbers were typical for the period. Thus, of the three students 
that passed the entrance exam in 1844, the year after Julius, not a 
single one graduated as a polytechnic candidate! During the 1840s 
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the number of graduates of both lines, mechanics and applied sci
ence, fluctuated between one and eight per year.12 13

12. See the graph in Harnow (1998), p. 37.
13. Thorpe (1910), pp. 161-162, who acknowledged G. A. Hagemann for information 
about Thomsen’s personal history.

Absorbed in his studies, the ambitious Thomsen - as I shall call 
him from hereon - had neither time nor desire (nor, perhaps, mon
ey) to socialise with his few fellow students and take part in their 
activities. He diligently and with great determination focused on 
his study plan, giving other aspects of a Copenhagen students’ life 
very little attention. Concerning Thomsen’s early years, one of his 
biographers offered the following characterisation: “Thomsen, al
ways a reserved and taciturn man, talked little about himself even to 
his intimate friends - and least of all about the days of his youth. It 
was known to a few that these days had not been smooth. Those 
who were best informed were conscious that to these early struggles 
much of the dour and resolute nature which formed a distinguish
ing trait in his character was due. Thomsen, indeed, began life as a 
fighter, and a fighter he remained to the end of his four-score 

«13years.
Although young Thomsen concentrated on his studies, these 

were not his only interest at the time. Attracted to poetry and art he 
wrote in the period from 1845 to 1847 a large number of poems, 
some of them very long, elegantly formulated and elaborately struc
tured. These poems he kept for himself and they are only known 
through his extant notebooks kept at the Royal Library in Copen
hagen. While most of Thomsen’s poems were for occasional events 
or dealt with human emotions and nature’s beauty, in a few of his 
aphorisms he mixed chemistry and poetry. One of them reads, in a 
free translation: “Chemistry tells us that heat, and flame, / is an in
dication of the love of matter. / Common folks say that this is the 
same, / for the former follows from the latter.”

Immediately after graduation Thomsen was appointed an assis
tant to the Polytechnic College’s chemical laboratory, first under 
Scharling and from 1847 under Johan Georg Forchhammer, the 
university professor of mineralogy. Between 1849 and 1851 he also 
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did his compulsory military service, in an artillery regiment, but 
without being actively involved in the Three-Year’s War raging at 
the time. Thomsen continued in this position as an assistant until 
1853, since 1850 supplying his modest income by serving as teacher 
in a course on agricultural chemistry offered by the Polytechnic 
College. The course had started in 1849, but attracted very few stu
dents and still in 1855 there was no formal exam in the subject. With 
the official approval of the Royal Veterinary and Agricultural Col
lege in 1856 and its inauguration two years later this branch of ap
plied chemistry was transferred to the new College, where it was 
taught by Christen T. Barfoed and Bendt S. Jørgensen. The result 
was that Thomsen lost his job. Yet it was in this early period that he 
laid the foundation for his later career and financial wealth. Not 
only did he invent and develop the method of soda manufacture 
based on the mineral cryolite, he also pioneered the study of theo
retical thermochemistry by submitting in 1852 an important treatise 
on the subject to the Royal Danish Academy.

The treatise and what followed from it will be considered in Sec
tion 4.2. It was evaluated by a committee under the Academy con
sisting of Forchhammer, Scharling, and J. C. Hoffmann. Impressed, 
the three scientists concluded that it was a valuable contribution to 
science:

Thomsen ... has consistently followed his ideas which he has sup
ported and further developed by means of calculations. The commit
tee is of the opinion that it [the treatise] opens up for important sci
entific progress. It therefore recommends to publish the memoirs in 
the proceedings and also to award the author the Academy’s silver 
medal; and, to encourage him continuing the investigations, to offer 
him 50 Rbd. [rixdollars] for the purpose of acquiring accurately man
ufactured instniments.14

14. Kgl. Da.Vid. Selsk. Fmhandl., Oversigt (1852): 238. Thomsen received further sums of 
money from the Academy in 1855 and 1872, in the first case to acquire an 
“electromagnetic measuring apparatus” and in the second to acquire a calorimeter. 
See Lomholt (1942-1973), vol. 2, p. 356. At the time 1 Rigsbankdaler (Rbd.) equaled 
96 Skilling and a worker’s daily salary was approximately 50 Skilling.
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Figure 1.2. Julius Thomsen in the mid-1850s. Wikimedia Commons.

The money from the Academy, which was supplemented by a travel
ling scholarship from the Reiersen Foundation, allowed Thomsen 
to go abroad on an extended study tour to Germany and France in 
1853-1854.15 He first went to Hamburg and from there to Berlin, 

15. The Reiersen Foundation was established in 1796 in order to assist young 
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from where he continued to Paris over Leipzig. After having studied 
the chemical life in the French capital - and enjoyed the famous 
opera - he proceeded to Frankfurt, Strassbourg, Dresden, and Mu
nich. On his way back home in 1854 he also visited Prague. On the 
tour Thomsen visited many of the period’s best laboratories in Par
is, Berlin, Munich and elsewhere, and he became acquainted with 
some of Europe’s distinguished scientists. In Berlin he met the 
physicist J. C. Poggendorff who in 1824 had founded the journal 
Annalen der Physik und Chemie in which Thomsen would publish many 
of his later articles on thermochemistry and other subjects. He also 
met Heinrich Rose, a brilliant inorganic chemist and former stu
dent of Berzelius, whom he described in his travel diary as “ultra
German.”16

craftsmen and industrial entrepreneurs. Some of Ørsted’s travels and lectures were 
supported by the same foundation.
16. Bjerrum (1909), p. 4977. On Thomsen and Poggendorff, see Section 6.4, and for 
Rose Section 2.4.
17. On the Military High School and its role in Danish chemistry, see Nielsen (2000), 
pp. 56-58. As Nielsen says about the positions in chemistry and physics at the High 
School, “it was the sort of position scientists accepted as long as nothing else was 
offered - as a preparation for an academic position or as a supplementary income.”

Shortly after Thomsen’s return to Denmark his position at the 
Polytechnic College ceased, and he was forced to seek another job. 
From 15 May 1856 to 1859 he served as adjuster of weights and 
measures to the Municipality of Copenhagen, a purely practical 
and administrative position which required technical knowledge 
but did not include access to research facilities. The previous ad
juster had been another polytechnic candidate, Peter Faber, who 
later became the first director of the Danish State Telegraph. Inci
dentally, also Julius’ brother August served three years as an ad
juster, in his case 1860-1863 in Schleswig.

In 1859 Thomsen applied for a position as chemistry teacher at 
the Royal Military High School, but with no success. The position 
was instead occupied by Jesper Bahnson, a graduate from the High 
School and Thomsen’s junior by one year.17 While Bahnson had 
neither chemical training nor publications to his credit, he had the 
advantage over Thomsen that he was an army officer who had 
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served with distinction under the Three-Year’s War 1848-1850 
against the insurgents from Schleswig-Holstein. He later followed a 
military and political career which culminated in the period 1884- 
1894, when he served as the country’s Minister of War. While Thom
sen failed in obtaining the position in chemistry at the Military 
High School, in 1859 he was appointed teacher at the same institu
tion, but in physics. He stayed in this position until 1866, but al
ready two years earlier he began part-time work at the University of 
Copenhagen, first as a docent and lecturer. This was not quite his 
first experience with the university, for in 1859-1860 he had tempo
rarily substituted for Scharling during one of the professor’s peri
ods of illness. Then, on 22 December 1866 the 40-year-old chemist 
was appointed full university professor and director of the univer
sity’s chemical laboratory (more in Section 1.5). Now Thomsen 
could finally devote his time to research in the area that primarily 
interested him, experimental thermochemistry.

Although Thomsen was a private person and something of a 
workaholic, of course he also had a life outside the laboratory. On 
25 October 1857 he married the six years younger Elmine Hansen, 
the daughter of a farmer tenant from the island of Langeland. We 
do not know the circumstances of the marriage except that the cou
ple were married in Stoense Church on the northern part of Lange
land. Elmine was a quiet and religious woman, with spiritual values 
quite different from those of her domineering husband, the patri
arch of the family. She was worried over her husband’s lack of reli
gious feelings and fought through her life, unsuccessfully it seems, 
to convert him into a good and faithful Christian.18 Elmine passed 
away in 1890, after having given birth to five children of whom four 
survived the paterfamilias (Figure 1.3). To the grief of Julius and 
Elmine, the couple’s only son died of a brain infection in May 
1883.19

18. This is indicated in some of the poems in Drechsel (1926) to which is referred in 
Section 8.3.
19. Julius Thomsen to his brother Sigismund, 14 May 1883. Royal Library, 
Copenhagen, box NKS 4306-4°. The son was named Julius after his father.
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Johanne Drechsel. Ellen Richter, Anna Smith-Petersen og Marie Oppermann

Figure 1.3. The four daughters of Julius and Elmine Hansen at about 1930. 
http://homel. stofanet. dk/l.h/slaegt/Anna-mfLjpg

After Thomsen had become a professor, the family moved to a 
spacious apartment in central Copenhagen, Ny Vestergade 11 just 
opposite the present National Museum. To keep the home the fam
ily had two domestic servants. The apartment was located in the 
same building which since 1859 housed the University’s chemical 
laboratory and where Thomsen would work for nearly thirty years.20 
According to the obituary written by the chemist Niels Bjerrum, “In 
their family life, [Thomsen] maintained patriarchal principles, and 
the children’s relations to him were more rooted in awe and solidar-

20. For a detailed description of the laboratory in Ny Vestergade, see Kjølsen (1965), 
pp. 158-164.
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Figure 1.4. Copenhagen University’s chemistry laboratory in Ny Vester
gade. Source: Kjølsen (1965).

ity than in friendship and confidence.”21 Whether this is true or not, 
it fits with the general impression of Thomsen’s personality. How
ever, as we shall see in Section 8.3, the impression is in need of some 
revision. At some time after having become a widower Thomsen 
moved to a villa on Lindevej 13 in Frederiksberg, not far from the 
Agricultural College.

2i. Bjerrum (1909). See also http://www.danishfamilysearch.dk/cidll367720. The 
daughters were Anna Sophie Frederikke Thomsen (1859-1950), Marie Franziska 
Thomsen (1862-1939), Ellen Thomsen (1865-1958), and Johanne Thomsen (1867- 
1963). The son who died in 1883 was named Julius. Johanne Thomsen became a 
recognised sculptress and author, first exhibiting her art in 1889. After her marriage 
with Fredrik L. V. Drechsel in 1892 (and change of name to Johanne Drechsel) she 
wrote a couple of books, including En Fader ogEn Moder (1926) in which she recollected 
her parents (see Section 8.3). 11894 the Danish painter August Jerndorff painted her 
portrait on the order of her father. Her older sister Anna Sophie Frederikke, whose 
surname since 1884 was Smith-Petersen, was portrayed by Jerndorff three years 
earlier. Marie Franzisca married in 1895 the prominent art historian Carl R. Theodor 
Oppermann. For Ellen, see Section 7.5.
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1.2. Science in a small country

Denmark’s unfortunate intervention in the Napoleonic wars had 
serious consequences for the country’s science, culture and econo
my.22 In 1807 the British navy infamously bombarded Copenhagen, 
causing severe damages and the destruction of many buildings, 
books and instruments belonging to the university. Nonetheless, 
the king and his government kept to the alliance with France and 
even sought to expand the country’s university system. One result 
was the establishment in 1811 of the Royal Frederiks University in 
the city of Christiania, or what since 1925 was renamed Oslo, the 
capital of Norway.23 The new university in Christiania remained 
Danish for only a couple of years, namely until 1814 when Denmark 
lost Norway to the Swedish crown. To add to the calamities, the 
previous year the government was forced to declare the country 
bankrupt. Not until 1818, when an independent National Bank was 
founded on the ruins of the previous financial system, did the eco
nomic situation ease.

22. This section relies on Kragh (2015b), Kragh (1998) and Nielsen (2000). 
References and further information can be found in these sources. See also Veibel 
(1939) and Kragh et al. (2008). For a general introduction to Danish history, see 
Jespersen (2004).
23. In the following I shall refer to Christiania rather than Oslo. In 1877 the official 
spelling of the city was changed from Christiania to Kristiania, but the new spelling 
was not generally adopted.

Even without the Norwegian university, until the loss of 
Schleswig-Holstein in 1864 Denmark had two universities as the 
University of Kiel, which was located in Holstein, had been under 
Danish administration since 1773. However, the significance of this 
institution to science in Denmark was limited, except that it pro
vided temporary positions for promising Danish scientists unable 
to find positions in Copenhagen. One example is Forchhammer, 
who worked in Kiel 1815-1818, and another example is the medical 
doctor Peter L. Panum, later a distinguished professor of physiolo
gy in Copenhagen. Also several German chemists worked for peri
ods in Kiel. One of them was Rose, who attained his doctoral de
gree at the University of Kiel in 1821.
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In spite of the country’s economic and political troubles, the sta
tus of the natural sciences did improve, if only slowly and generally 
without the consent of the conservative university in Copenhagen. 
A number of new chairs were established, most of them provisional 
and funded by the State rather than the University itself. Chairs 
founded in the 1820s included botany, chemistry, and geology. As a 
consequence of the strengthened position of the sciences it became 
increasingly intolerable to be relegated to what was in effect a for
eign faculty, the Faculty of Philosophy, in which the interests of the 
scientists were given low priority. The natural sciences were also 
represented in the Medical Faculty but only as subsidiary subjects. 
A prolonged battle over university politics, and the attempts to cre
ate a new institutional framework for the scientific fields, came to a 
culmination in the late 1840s. In 1850 a decision was made to split 
the Faculty of Philosophy into two, thereby creating an independ
ent Faculty of Science, or a mathematical-scientific faculty. At its 
establishment it consisted of seven full professorial chairs, includ
ing physics (H. C. Ørsted), chemistry (E. A. Scharling), and miner
alogy or geology (J. G. Forchhammer). The other chairs were in 
mathematics, astronomy, botany and zoology.

The formation of a Faculty of Science was primarily due to Ørsted, 
who was also responsible, to a large extent, for establishing Danish 
chemistry as an autonomous science independent of medicine. 
Ørsted saw no essential difference between physics and chemistry, 
but argued that both of these fields ought to have their own chairs 
and curricula. In 1820 he managed to obtain a new chemical univer
sity laboratory and two years later one of his pupils, William Christo
pher Zeise, was appointed professor with chemistry as his only sub
ject. Zeise introduced laboratory work for advanced students from 
the very beginning. He even made it possible for students to do re
search work, which at the time was most unusual. “Those students,” 
he wrote in 1822, “who have reached such a level of chemical compe
tence that they are capable, in an able and orderly manner, to make 
new investigations by themselves, can use the laboratory and its ap
paratus if they pay for the additional expenses.”24 From that time on

24. Quoted in Kragh (1998), p. 239.
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ward, chemistry had obtained an autonomous scientific status and 
was taught by teachers with chemistry as their sole or main vocation.

In the period up to about 1850 it was usual to send young Dan
ish chemists (and other scientists) abroad for one or two years of 
Wanderjahre. The purpose of these extended trips was primarily to 
gain new knowledge, but in some cases also to bring home secrets 
of chemical manufacture by more or less legitimate means. This ele
ment of industrial espionage ceased to play a role in later study trav
els. Ørsted, Zeise and Forchhammer all went abroad on such trav
els, which provided Danish chemistry with the international 
contacts necessary to counteract the provincialism which was al
ways a danger in a small country on the periphery of the centres of 
European science. When Thomsen went on his study tour in the 
early 1850s espionage was not on the agenda but otherwise it was a 
continuation of the older tradition.

In addition to his many other activities, the indefatigable Ørsted 
also initiated one of the most important popular-science institu
tions of the century, the still existing society called Selskabet for 
Naturlærens Udbredelse (Danish Society for the Dissemination of 
Natural Science). He apparently got the idea for such a society dur
ing a trip to Britain in 1823, finding himself greatly impressed with 
the Royal Institution and some other institutions for the promotion 
and dissemination of science and technology that he saw in the 
large cities. Its Danish counterpart, founded in 1824, soon gained a 
solid membership base that included prominent citizens, university 
people, public servants, and industrialists. It was involved in a wide 
range of outreach activities of which its public lectures were the 
most important and the most visible. Although based in Copenha
gen, from the very outset the society had specifically committed to 
spreading out its activities to include the larger towns around the 
country. A trained corps of “regional lecturers” was established for 
this purpose. Over a period of about twenty years, the Danish Soci
ety for the Dissemination of Natural Science held a total of 36 lec
tures programmes in nineteen different towns around the country, 
reaching an estimated audience of three to four thousand.

Thomsen was one of the young lecturers who contributed to the 
Society in the form of public lectures and also demonstration lec- 
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tures to school classes. In 1855-1856 he lectured on the chemistry of 
non-metals, in 1863-1864 on optics, and in 1868-1869 - at a time he 
had become full professor - on chemical aspects of light. Moreover, 
between 1851 and 1875 he gave a long series of lectures to the pay
ing members of the Society. The subjects ranged widely, including 
such topics as “climate zones of the Earth,” “spectral analysis,” “liq
uefaction of gases” and “the concept of combustion.”25 In 1886 
Thomsen was elected chairman of the Society, but the busy scientist 
stayed in this position for only one year.

25. See the list of Thomsen’s lectures in Harding (1924). Also Thomsen’s two 
polytechnic brothers August and Thomas were active in the Society.

Important as the Society for the Dissemination of Science was in 
a national and popular context, another institution from the same 
period was even more important to Denmark’s small scientific com
munity. Inspired by the Gesellschaft Deutscher Naturforscher und 
Ärtzte founded in 1822, and also by the British Association for the 
Advancement of Science, which dates from 1831, scientists from the 
Nordic countries thought of creating a Scandinavian organisation 
along a similar line. The idea received stimulus from the “Scandi- 
navism,” a romantic, pan-Nordic movement that emerged as a 
strong political and cultural ideology in the 1830s. After much dis
cussion and planning, the first convention of Scandinavian scien
tists, or the Society of Scandinavian Natural Scientists, was finally 
organised in Gothenburg in 1839, including a large section of the 
Danish scientific elite.

The Gothenburg convention and subsequent conventions in Co
penhagen (1840) and Stockholm (1842) succeeded in building up a 
viable organisation that for decades continued to gather at regular 
intervals in the Nordic capitals. For several decades the inter-Scan- 
dinavian meetings were important for the exchange of scientific 
knowledge, but from about 1870 they began degenerating into for
mal gatherings with limited scientific substance. In the early period 
the leading figures of the society were H. C. Ørsted from Denmark, 
J. J. Berzelius from Sweden, and C. Hansteen from Norway. At the 
Copenhagen convention in 1847, the number of participants had 
swelled to 472 in all, of whom 338 were Danes, 91 Swedes, and 34
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Figure 1.5. Celebration for Scandinavian scientists in front of Roskilde 
Cathedral on 12 July 1847. Painting by E. L. Henningsen. The speaker is H. 
C. Ørsted and other figures include J. J. Berzelius, J. G. Forchhammer, E. 
A. Scharling, C. Hansteen, and J. Steenstrup.

Norwegians. It was a great event. Heavily supported by the king 
and the City Council in Copenhagen the participants could listen to 
talks given at the Polytechnic College, in the Botanical Gardens, 
and in the lecture halls of the University. After the talks they could 
enjoy the new Tivoli Gardens and, even more interestingly, join a 

29



JULIUS THOMSEN. A LIFE IN CHEMISTRY AND BEYOND SCI.DAN.M. 2

rail excursion to Roskilde on the recently opened railway line from 
Copenhagen, the country’s first (Figure 1.5).

Twenty-one-year-old Julius Thomsen, a recent graduate from 
the Polytechnic College, was one of the participants in the Copen
hagen conference, but of course he was quite anonymous com
pared to people such as Ørsted, Forchhammer and Scharling, not 
to mention Berzelius.26 He was from an early date aware of the op
portunity offered by the Scandinavian meetings and frequently 
participated in them, first giving a communication at the 1855 
Stockholm meeting and subsequently at the 1856 Christiania meet
ing. Other meetings he is known to have attended included Stock
holm in 1863, 1880 and 1898, Christiania in 1868 and 1886, and 
Copenhagen in 1892. At the latter meeting he gave the opening 
speech in which he somewhat controversially pointed out that the 
era of the polymath belonged to the past and that science inevita
bly became more and more specialised. Although he was just mak
ing an observation, indirectly he suggested that the whole idea on 
which the Society of Scandinavian Natural Scientists was founded 
might be obsolete.27

26. Thomsen’s presence is confirmed in Erslew (1868), p. 385. On the early 
Scandinavian science conferences, see Eriksson (1991) and Christensen (2013), pp. 
517-533.
27. Thomsen (1892a). See Eriksson (1991), p. 345, which includes details on the 
Scandinavian meetings. Thomsen made the same critical point at the 1880 Stockholm 
meeting and some other occasions. See Thomsen (1880f).

In addition to the University and the Polytechnic College, teach
ing and training in chemistry was also offered at the Military High 
School, the Royal Veterinary and Agricultural College, the Pharma
ceutical College, the larger hospitals, and a few industrially orient
ed laboratories. Among these institutions, the agricultural univer
sity and the Pharmaceutical College inaugurated in 1892 were far 
the most important. However, none of them were oriented towards 
research, and chemistry was taught only as an auxiliary subject. 
During C. T. Barfoed’s period as director of the chemical laborato
ry of the Agricultural College (1858-1887), he had to give all the 
lectures himself. To the list should also be added a non-educational 
institution, namely the chemical department of the Carlsberg Labo-
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ratory founded in 1875 (see also Section 8.1). The Carlsberg Labo
ratory, devoted to basic research with an eye on subjects related to 
the fermentation industry in a broad sense, was an important factor 
in the Danishfin-de-siecle chemical landscape, but Thomsen had little 
to do with it and its researchers. The first director of the Laborato
ry’s chemical department was Johan Kjeldahl, a polytechnic-edu
cated chemist who specialised in amino acids and enzymatic pro
cesses. These were topics far away from Thomsen’s research 
interests.

Yet another institution played an important if somewhat indirect 
role in Danish chemistry, namely the prestigious Royal Academy of 
Sciences and Letters founded in 1742. Although it was initially con
ceived as a humanist academy, within a few years it came to include 
also mathematicians and scientists. Only in 1796 was a chemist 
elected a member, the pharmaceutically trained Nicolai Tychsen 
who was the author of Chemisk Haandbog (Chemical Handbook). 
The few chemists who were members of the Academy in the nine
teenth century - Thomsen among them - often published in its pe
riodicals, which were however largely restricted to the Danish lan
guage. Only in 1902 did the Academy agree to publish in other 
languages than Danish and thus to make its publications accessible 
to readers outside Scandinavia.28 In later sections we shall return to 
the Royal Academy of Sciences, the role it played for Thomson and 
the role that Thomsen played for it.

28. The rules for the doctoral dissertation at the University of Copenhagen were 
even more archaic. Traditionally they were in Latin, but from about 1840 it became 
common to write in Danish. Scharling’s chemical dissertation of 1839 was in Latin. 
Only in 1921 was it allowed to write a doctoral dissertation in German, French or 
English! For details, see Smith (1950).
29. In Sweden a national chemical society was founded in 1883 and a Norwegian 
society was only established in 1893. For a detailed account of the formation and 
development of the Danish Chemical Society, see Nielsen (2008). See also Section 
8.1.

By the 1870s Danish chemists had definitely left the shadow of 
medicine and emerged as a distinct group of scientists. Indicating 
the growing professionalisation, a Danish Chemical Society was 
founded in 1879, the first such society in Scandinavia.29 The chemis
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try professor Sophus M. Jørgensen was elected the society’s first 
president, a position he kept for more than twenty years. Remarka
bly, his distinguished colleague Thomsen was not among the group 
of fifty-nine “men with an interest in chemistry” who initially joined 
the society, nor was he later to become a member. On the other 
hand, his younger brother Thomas was actively involved in the for
mation of the society, which at the time of Thomsen’s death in 1909 
had grown to nearly 140 members.

At the time the Danish chemical community was still of a very 
modest size, comprising only five regular academic positions: two 
full professors (Thomsen and Jørgensen) and three associate pro
fessors. However, in addition to the few academic chemists there 
were also a much larger number of chemists working outside the 
University and the Polytechnic, including chemical engineers em
ployed in industry and chemists working at hospitals, cooperative 
dairies, private laboratories and pharmacies. The teaching of chem
istry at the University was overwhelmingly oriented towards non
chemists, and in particular to medical and pharmaceutical students. 
In the years 1865-1866 lectures to these two groups attracted an au
dience of approximately 100 students. And of the 79 students who 
on average trained in the chemical laboratory, 39 were medical stu
dents and 26 pharmaceutical students; seven were polytechnic stu
dents, four were people who had completed an education, and three 
were “other students.”30

30. From a list given by J. Thomsen and reported in AarbogforKjøbenhavns Universitet 
1864-1873, p. 48.

It is a striking fact that very few chemists graduated from the 
University of Copenhagen in the nineteenth century. In the latter 
half of the century only twenty students graduated with a master’s 
degree. A graduate armed with such a degree could qualify to write 
a doctoral dissertation, but that happened only very rarely. The first 
doctoral dissertation in chemistry was completed in 1869 by S. M. 
Jørgensen and until 1899 it was followed by only six more doctor
ates. A list of chemical authors in the period 1846-1890 shows that 
there were very few university-trained chemists compared with the 
polytechnic chemists and even fewer if compared with the pharma
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cists. Generally the university chemists were more productive in 
writing papers - with the exception of the prolific polytechnic au
thor Julius Thomsen. Here are the numbers:31

31. Adapted from Kragh (1998), p. 247, which gives a more extensive table covering 
the period from 1801 to 1935. The large number of polytechnic publications is 
largely due to J. Thomsen, who wrote more than 210 papers and memoirs in the 
period. See Appendix A.
32. For the early history of the Polytechnic College, see Lundbye (1929) and Wagner 
(1999).

Table 1. Danish chemical publications 1846-1890.

Professional background Authors Publications

Pharmacy 43 280
Polytechnic 26 540
Medicine, physiology 22 99
Agriculture 12 22
Military 3 4
University, chemistry 3 153
University, other fields 3 11
Unknown 6 10
Total 122 1127

1.3. The Polytechnic College

The first advanced technical school or college in the kingdom of 
Denmark was established 1829 with Ørsted as its director.32 How
ever, already two years earlier a comprehensive plan for a school of 
this kind was presented by the twenty years younger mathemati
cian, astronomer and technologist Georg Frederik Ursin, who at the 
time served as professor at the Academy of Fine Arts. This original 
plan was conceived as a school for artisans and craftsmen modelled 
after the German Gewerbeschulen, technical schools where science was 
taught at only a modest level. According to Ursin, the school was to 
be fundamentally practical, and the instruction aimed at skilled 
craftsmen and similar groups who would benefit from both scien
tific and technical knowledge, and thus in turn benefit Denmark’s 
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trade and industry. The idea of a technical college was eventually 
brought to fruition, but in a form quite different from the one Ursin 
had in mind. When the proposal was sent to the University for com
ment, Ørsted took the opportunity to transform it into a substan
tially different sort of institution inspired by the École Polytech
nique in France rather than the Gewerbeschulen in Prussia and 
elsewhere in Germany. His proposal was much more scientifically 
oriented than Ursin’s, offering only a minimum of training in the 
practical skills of engineering and craftsmanship.

Ørsted envisioned the institution to be closely linked with the 
University, and as a way of creating scientific-technical graduate 
competences outside the University, but still associated with it. He 
had unsuccessfully argued for a science faculty at the University, 
and the College was in a sense to serve as a substitute for such a 
faculty. As he phrased it in a provisional plan of 1828, he wanted “a 
higher educational institution in close connection with the Univer
sity.” This, he claimed, “would obviously be far more beneficial to 
the state.” Moreover, the general goal of the new institution was “to 
instil, in young people possessing the necessary previous knowl
edge, such insight in mathematics and experimental natural sci
ence, and such skill at making use of these insights, that they may 
thereby become formidably useful in certain branches of State ser
vice, and in overseeing industrial enterprises.”33 Ørsted’s proposal 
met with royal approval, and on 5 November 1829 the Polyteknisk 
Læreanstalt (Polytechnic College) was officially inaugurated in the 
presence of the king, Frederik VI. The first lectures were given less 
than two weeks later. Julius Thomsen was two years old.

33. Ørsted’s provisional plan of 1828 is reproduced in Lundbye (1929), pp. 39-42.

The intensive courses were to run for two years, with the stu
dents divided into two classes of candidates, one specialising in 
“mechanics” and the other in “applied science.” The latter mainly 
referred to technical chemistry or, slightly anachronistically, chemi
cal engineering; whereas the former focused on mathematics, me
chanical physics, machine construction, and similar subjects. It 
soon turned out that a study period of two years was unrealistic, 
and in 1831 it was extended with half a year. A completed study
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Figure 1.6. Timetable and workload for students at the Polytechnic Col
lege during its first year 1829-1830. Source: Lundbye (1929), p. 69.

would result in a degree as either mechanical engineer or applied- 
science engineer, with the latter being largely equivalent to a chem
ical engineer. However, until 1857 the graduates were not, strictly 
speaking, engineers but just polytechnic candidates. During the 
first couple of decades civil engineering was not part of the Poly
technic College.

The close links to the University were ensured not only by teach
ers serving on both staffs, but also by the new institution taking 
over two of the University’s buildings in central Copenhagen. 
Ørsted emphasised that the teachers at the College should never 
treat their offices as secondary to or “mere supplements to the [Uni
versity] professorships.”34 The initial staff consisted of seven teach
ers, four of whom were associated with the University as either pro
fessors or lecturers. Ørsted himself taught physics and also served 
as director of the new technical college, retaining that position until 
his death in 1851. The courses in chemistry and applied science 

34. Letter of 1828, quoted in Lundbye (1929), p. 36.
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were given by Zeise and Forchhammer, and the young mathemati
cian Henrik Schmidten, who died already in 1831, took care of the 
lectures in mathematics. As to Ursin, he was assigned the modest 
position as teacher in machine construction. See Figure 1.6.

Despite Ørsted’s inspiration from the École Polytechnique, the 
new college of applied science and technology in Copenhagen was 
by no means a school of engineering during its early years. Later, 
from 1857 onwards, the college did develop to educate civil engi
neers, but under Ørsted’s leadership it was foreign to engineering 
subjects. It was basically an academic institution with the purpose 
of educating graduates in technology and the useful sciences. The 
Polytechnic College had a positive impact on Danish science, 
amongst other reasons because it admitted talented students with
out a high school exam. Julius Thomsen was one of them, and there 
were many more. On the other hand, scientifically valuable as the 
College was, for a while it did not stimulate the country’s industrial 
development to the extent that its creators had intended.

The purpose of the Polytechnic College and its relations to the 
country’s small but growing business and industrial sector were 
matters of continual discussions. Not all agreed with Ørsted’s aca
demic ambitions and the low priority he gave to practical and di
rectly useful technology. Another question of a more political na
ture emerged in the early 1850s when Forchhammer had replaced 
Ørsted as director. It was widely felt that the college was in need of 
drastic reform and there were even voices which recommended clos
ing it down entirely.35 One of the main questions concerned the re
lationship between the Polytechnic College and the Military High 
School, two institutions with a considerable overlap in structure 
and subjects. Could a small and poor nation afford two new institu
tions of higher technical education?

In 1851 the ministry of the interior established a committee to 
consider the future of the Polytechnic College. Among the mem
bers of the committee were Forchhammer, the mathematics profes
sor Christian Ramus, and the military officer Johann C. Hoffmann 
who taught physics and chemistry at the Military High School. The 

35. Lundbye (1929), pp. 100-118; Harnow (1998), pp. 48-58.
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committee was divided, with one fraction of it suggesting an expan
sion and to replace the “mechanics” class with a new class of civil 
engineering. The other fraction, dominated by military officers, 
proposed to close down the College. Nothing concrete came out of 
the committee’s work or other proposals made at the time. While 
some of the proposals recommended a reorganisation of the Poly
technic College as part of the University, others proposed to sepa
rate it completely from the University. Only in the late 1850s was a 
major reform introduced. As part of the reform a new chemical 
laboratory under Scharling was inaugurated in early 1859. Thom
sen was not directly involved in the lengthy debate, but indirectly 
he was and his views probably played some role (see Section 3.1).

In its proposal of 1851 one of the fractions of the committee did 
not speak of an “applied science” line but instead referred to “edu
cation of chemists.” In other words, the line was conceived as chem
ical engineering, an indication of the very prominent position 
chemistry held in the courses of this line or class. Of the fifty lessons 
originally offered per week, twenty were devoted to lectures and 
laboratory work in chemistry.36 The educational schedule was ambi
tious and strict, leaving the students little time for other activities. 
The first semester they were given nine lectures a week in general 
chemistry and so-called chemical physics (heat, electricity and mag
netism), and in addition six lectures a week in mineralogy and min
eralogical chemistry.37 The second semester meant more lectures on 
general chemistry and nine hours per week on organic and inor
ganic chemistry; the students also had to listen to two weekly hours 

36. Veibel (1939), pp. 177-179. With the changed curriculum of 1831 also the courses 
in chemistry changed. Now chemical laboratory exercises only started in the second 
semester and continued until the fifth and last semester.
37. What at the time was called “chemical physics” was entirely different from the 
modern meaning of the term. In the nineteenth century it was common to divide the 
study of chemistry in two classes, where one of them, chemical physics, was mainly 
concerned with heat, light, electricity, and magnetism as chemical agents. Modern 
chemical physics (as distinct from physical chemistry) emerged in the 1920s and was 
largely synonymous with molecular spectroscopy and quantum chemistry. The 
Journal of Chemical Physics was founded in 1932. For aspects of the development, see 
Nye (1993).
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of descriptive mineralogy (or “oryctognosy” as it was called, derived 
from a Greek name for mineral or fossil). Finally, in the third semes
ter the students were introduced to aspects of technical chemistry 
through ten weekly lectures, whereas there were no chemical lec
tures in the fourth semester. In addition to the lectures, there were 
laboratory classes covering six hours per week. All this was more 
than enough to keep the students busy, indeed so busy that many of 
them dropped out of the courses and never completed their educa
tion.

1.4. Looking for a career

In one of his very last letters, Ørsted wrote to his close friend, the 
Norwegian physicist and astronomer Christopher Hansteen, con
cerning the future occupant of the chemistry chair at the University 
of Christiania. The chair had been held by Julius Thaulow, a young 
Danish-born and German-trained chemist, who had died in 1850. 
Hansteen asked a few prominent scientists, including Ørsted in 
Denmark, Carl Gustaf Mosander in Schweden, and Justus von 
Liebig in Germany, about suitable candidates; he also consulted the 
geologist Balthazar Keilhau, professor in Christiania. In his re
sponse to Hansteen, Ørsted used the occasion to lobby on behalf of 
young Danish chemists. On the other hand, he warned against hir
ing a chemist from Germany as the self-confident Germans “hardly 
will be able to identify themselves with the Norwegian people.” A 
Dane would be much more suitable, he thought, and - not unim
portantly - he would come more cheaply.

Ørsted consequently recommended three Danes, emphasising 
that he did it confidentially and without having consulted them. 
Among his candidates were Johannes Johnstrup and Christen Bar- 
foed, who both had studied at the Polytechnic College. The same 
was the case with the third candidate, Julius Thomsen, whom 
Ørsted described as follows:

Thomsen, a polytechnic candidate but with no exam as a university 
student. From he was 16 to about 18 years old he trained as an assis
tant to Scharling’s chemical work at a time when Scharling only had 
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a small laboratory. He later studied at the Polytechnic College, gradu
ating with honour. He subsequently became an assistant of Forch
hammer, who is very pleased with him. Not only is he competent in 
practical chemistry, indeed with a singular talent for it, he also has an 
extensive knowledge of chemistry. He has given good lectures on ag
ricultural chemistiy and fine presentations on various subjects to the 
Society of Industry. He has written a small popular chemistry, which 
is much to his credit considering that he is a young man who contin
ues making progress. Compared with the other two, he is perhaps the 
one from which most can be expected. However, although he writes 
very well, outside his field he is a man of less culture than the other 
two. He is young and unmarried, so I guess it should be easy to get 
him.38

38. Ørsted to Hansteen, 13 February 1851, as reproduced in Harding (1920), vol. 1, 
pp. 248-249.
39. On Strecker and Norwegian chemistry in the period, see Pedersen (2007). See 
also Wöhler to Liebig, 21 May 1851, in Lewicki (1982), Part 1, p. 366.

None of Ørsted’s candidates had at the time a record of research 
publications, something which the ageing natural philosopher in 
Copenhagen seems to have considered of no relevance. Hansteen 
and the search committee in Christiania sensibly chose to disregard 
Ørsted’s recommendations. Instead they chose the 29-year-old 
Adolph Strecker, a pupil of Liebig, who received strong support 
from Mosander, Keilhau, Hansteen, and Friedrich Wöhler. Strecker 
was appointed associate professor in the summer of 1851. His stay 
in Norway was important but brief, as he left Christiania in 1860 to 
become professor at the University of Tübingen in his native coun
try.39 After all, from a chemist’s point of view Germany was much 
more interesting than peripheral Norway. Young Thomsen was un
doubtedly aware of the position in Christiania, but there is no indi
cation that he thought of applying for it or that he knew about 
Ørsted’s recommendation of him.

With regard to issues to be discussed later in this book (espe
cially Chapter 7), it is worth noting that Strecker had an interest in 
atomic weights and, while still in Christiania, attended the famous 
1860 Karlsruhe meeting that will be considered in Section 5.3. In 
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1859, shortly before the meeting, he published a book on the atom
ic weights of the elements based on an atomistic conception of mat
ter. Among other things, Strecker dealt with the relationship be
tween the various atomic weights and the possibility that they 
expressed some deeper-lying regularity such as Prout’s law of atom
ic weights being multiples of hydrogen’s. These were questions that 
Thomsen later took up, but it is unknown if he was aware of Streck
er’s book. On the other hand, D. I. Mendeleev, another of the at
tendees in Karlsruhe, was aware of it. In his 1889 Faraday lecture, 
the Russian chemist called attention to and quoted from Strecker’s 
book: “I now see clearly that Strecker, de Chancourtois and New- 
lands stood foremost in the way toward the discovery of the peri
odic law, and that they merely wanted the boldness necessary to 
place the whole question at such a height that its reflection on the 
facts could be clearly seen.”40

40. Mendeleev (1889), pp. 637-638; reprinted in Jensen (2002), pp. 162-188. Strecker 
(1859).
41. SeeLomholt (1942-1973), vol. 2, p. 37. On the Royal Danish Academy of Sciences, 
see also Pedersen (1992).

In the late 1850s the ambitious Thomsen had not yet been able 
to ensure for himself a firm position in the small world of Danish 
science. He realised that one of the ways to increase his recognition 
and eventually to obtain an academic chair would be through the 
Royal Academy of Sciences and Letters, very much an institution 
for the elite. By 1855 members of the Academy counted only 42 Dan
ish scientists and scholars of which less than half belonged to the 
natural sciences; in addition there were 65 foreign members. It was 
possible for non-members to have manuscripts accepted for publica
tion in the proceedings {Skrifter} of the Academy’s mathematical-sci
entific class, which happened quite regularly. Of course, submissions 
of this kind were evaluated by some of the members. During the 
period 1847-1880 twenty-nine memoirs were published by twenty 
authors who were not members of the Academy (but in many cases 
would become members).41 Thomsen’s thermochemical memoir of 
1852 was one example and another is provided by his polytechnic 
collaborator August Colding, who published his first work on en
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ergy conservation in Skrifter in 1850 and six years later was elected a 
member (see Section 3.2).

In 1858 Thomsen published another memoir in Skrifter, this time 
on the thermal effects of electrochemical processes. The memoir 
was based on a communication to the meeting of Scandinavian sci
entists held in Christiania two years earlier. Referring to his earlier 
work on the theory of thermochemistry Thomsen wrote that his in
tention had been to develop this work by means of an extensive se
ries of experiments. However, “the circumstances have prevented 
me from following this route and I have been forced to seek new 
methods to determine the quantities [of chemical forces].”42 In oth
er words, in lack of a properly equipped chemical laboratory he was 
unable to determine chemical affinities by means of calorimetric ex
periments; he consequently focused on a temporary substitute, 
namely the relationship between electricity and the chemical forces 
operating in a battery. We shall return to the 1858 memoir and other 
of Thomsen’s contributions to electrochemistry in Section 6.4.

42. Thomsen (1858).
43. Letter of 19 October 1860. Royal Academy of Sciences, Main Archive 1859-1863.

Thomsen’s serious preparations for entering the pantheon of 
Danish learnedness were crowned with success on 7 December 1860, 
when he was elected a member of the prestigious society. He was 
nominated by his first chemistry teacher, Scharling, who pointed out 
that he was already known to the members of the Academy as the 
author of two weighty memoirs in Skrifter. Scharling further referred 
to other of Thomsen’s publications, including his work with L. A. 
Colding on the cause of the Copenhagen cholera epidemic (see Sec
tion 3.5). “Thomsen has thus enriched science by making careful 
and interesting experiments, and he has proved in many ways his 
extraordinary competence as a writer,” Scharling wrote. “I am con
vinced that as his acceptance as a member of the Academy of Sci
ences will be an honour for him, so will the Academy, if he is elected, 
benefit from a valuable increase of its scientific strength.”43

At the time the secretary of the Royal Academy of Sciences was 
J. G. Forchhammer, who in 1851 had followed another of Thom
sen’s teachers, H. C. Ørsted, and would continue on the post until 
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his death in 1865. The Academy was without a president as no-one 
had been found to replace Anders Sandøe Ørsted, the brother of H. 
C. Ørsted, who had passed away in May 1860. Only 33 years old, 
Thomsen was one of the youngest members of the Academy and 
one of the very few without an academic degree in the form of a 
doctorate or a magister degree. He was not the only one though. 
The influential zoologist Japetus Steenstrup had also not written a 
doctoral dissertation and he was elected a member in 1842 at the 
age of 29. Another exception was the polytechnic engineer and 
physicist Carl Valentin Holten, who was elected a member the same 
day as Thomsen. Holten was Ørsted’s successor as university pro
fessor in physics and had since 1849 served as a lecturer. Like Thom
sen he had not passed the high school exam and it was only after he 
passed it that he was accepted as a university teacher.

The election was a personal triumph and an important step in 
Thomsen’s career plan as it secured him recognition among the pro
fessors in Copenhagen. And yet it was only a step on the road, for 
he would have to wait another six years until he was appointed full 
professor of chemistry. For the next half-century the Royal Danish 
Academy of Sciences would become an important part of Thom
sen’s life; and conversely he became an important part of the Acad
emy’s life, serving as its president from 1888 until his death in 1909. 
Probably more than any other Danish scientist of his time, he made 
frequent use of the Academy’s publications. Between 1852 and 1873 
he wrote no less than 15 memoirs in Skrifter (proceedings) and from 
1861 to 1905 he wrote 23 papers in the Oversigter (transactions) pub
lished by the Academy.44 More on this subject follows in Section 8.2.

44. According to Thomsen’s own bibliography in Thomsen (1905a).

In 1861Thomsen was elected a permanent member of the Royal 
Danish Agricultural Society (Det kgl. Danske Landhusholdnings
selskab), an institution founded in 1769 and one associated with 
high social prestige. Most of the country’s prominent scientists and 
landowners were members. Although the Society no longer played 
an important scientific role, and although Thomsen had no particu
lar interest in agriculture, membership of the institution added one 
more brick to his social capital.
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During the period 1860-1866 Thomsen’s primary occupation 
was as a physics teacher at the Military High School. Although the 
job kept him busy, he found time for other activities as well, both 
scientific research and work related to the cryolite industry. To lay 
idle was not Thomsen’s nature. Only a couple of articles from this 
period related to his teaching position, one of them being a paper 
on optical demonstration experiments published in the fateful year 
of 1864.45 His successor at the High School was the three years 
younger Ludvig Valentin Lorenz, whom Thomsen undoubtedly 
knew at the time. Lorenz had in common with Thomsen that he was 
a graduate from the Polytechnic College in applied science (from 
1852) and that he never wrote a doctoral dissertation. And yet he 
came to be recognised as the country’s leading theoretical physicist 
and one of the few with an international reputation.46 Lorenz was 
elected a member of the Royal Danish Academy in 1866, proposed 
by the mathematician Adolph Steen and supported by Thomsen 
and other Danish scientists.

45. Thomsen (1864).
46. On Lorenz’s life and scientific work, see Kragh (1991). As a teacher at the Military 
High School he published textbooks in optics and heat theory for the army cadets. 
In his book on heat he dealt competently with Thomsen’s thermochemical 
measurements and his theory of affinity. See Lorenz (1877), pp. 144-151.

What little research work Thomsen could do as a physics teacher 
was mostly concerned with electrical apparatuses and the chemical 
action of electricity and light. Two of his works from this period 
deserve brief mention (see further Chapter 6). In 1863 he published 
an important paper on the mechanical work exerted by rays of light, 
and two years later he constructed a special kind of battery known 
as a polarisation battery. As far as thermochemistry is concerned, in 
1861 he presented a much revised version of his thermochemical 
system in which he formulated the basic chemical heat theorem 
sometimes known as “Thomsen’s principle.” His interests were not 
restricted to either pure research or industrially oriented work, for 
they also included dissemination of science to the educated public.

As mentioned above, in 1862 Julius Thomsen and his brother 
August founded one of the period’s most important Danish science 
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journals. Its full title was Tidsskriftfor Physik og Chemie samt disse Videnska
bers Anvendelse, meaning Journal of Physics and Chemistry and the 
Application of these Sciences.47 Although August seems to have 
been the driving force behind this private project, Julius also en
gaged whole-heartedly in it. The monthly journal was primarily ori
ented towards engineers and employees at the Polytechnic College 
and secondarily to school teachers and the Danish industrial sector. 
A large part of the papers were partial translations of articles in for
eign periodicals, but there were also a fair amount of original pa
pers written by the editors and other Danish scientists and engi
neers. To get an impression of the journal, consider its first issue of 
1862 in which the two editor-brothers motivated its title and focus 
as follows:

47. On this and other Danish journals related to the chemical sciences, see Nielsen 
(2000), pp. 83-91 and Nielsen (2001).
48. The article was composed by August Thomsen but closely based on two of the 
German scientists’ papers in Annalen der Physik und Chemie. The Thomsen brothers had 
good reason to introduce their journal with this subject, which was of equal 
importance to physics and chemistry. Moreover, it grew out of an exemplary 
collaboration between a physicist (Kirchhoff) and a chemist (Bunsen) at the 
University of Heidelberg.

The steady progress of the sciences has brought physics and chemis
try in increasingly closer contact, indicating that in the near future 
these two branches of science will merge into a single one. Numerous 
investigations have demonstrated that the physical and chemical 
properties of matter are intimately connected... For example, the 
atomic theory is founded on knowledge of the shape, density and 
heat capacity of matter, and the type theoiy and the theoiy of affinity 
have found support in other branches of the physical sciences.

Without further ado the journal started with an account of one of 
the period’s most remarkable discoveries involving both physics 
and chemistry, an article on the sensational spectral analysis pio
neered by Robert Kirchhoff and Robert Bunsen in Germany.48 The 
first volume of Tidsskrift, covering 382 pages, was dominated by 
translated extracts from foreign journals. It only included a few ar- 
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tides written by Danish authors, namely L. A. Colding (on heat 
diffusion from water pipes), L. Lorenz (on the theory of light), and 
J. Thomsen (on thermochemistry). August and Julius Thomsen 
continued as editors until 1879, after which time August Thomsen 
functioned as chief editor. With his death in 1894 the journal came 
to an end, although it was followed 1896-1898 by the short-lived and 
more physics-oriented Nyt Tidsskrift for Fysik og Kemi (New Journal of 
Physics and Chemistry).

Table 2. Content analysis of Tidsskrift. Adapted from Nielsen (2007).

Subject area 1862 
(%)

1870
(%)

1880
(%)

1890 
(%)

Original papers 20 21 10 33
Extracts from other journals 57 35 56 25
Short notices 8 4 6 3
Literature survey 0 0 1 11
Number of issues per year 12 12 12 12

1.5. Professor Thomsen

While still employed at the Military High School, in 1862 Thomsen 
was appointed titular professor, which was however purely an hon
orary title with no academic implications whatever.49 The title meant 
a raised status in the social hierarchy but not that he came closer to 
an academic position. Then, in the autumn of 1863, he requested to 
become a member of the University’s Faculty of Science and to be 
allowed to give lectures in chemistry and physics. The latter part of 
his request was accepted but not the first part. As stated in the Uni
versity’s yearbook, “Since Prof. Thomsen has no student’s exam 
and assumedly is less acquainted with the conditions at the Univer
sity he should probably be temporarily employed without entering

49. During the nineteenth century it was common to appoint honorable citizens 
titular professors. They could be scientists but in most cases they were artists, 
architects or authors who were in this way placed in the lower ranks of the official 
rank order. For example, Hans Christian Andersen was a titular professor.
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Figure 1.7. Although best known as a geologist and mineralogist J. Georg 
Forchhhammer (1794-1865) was also an accomplished chemist. He signifi
cantly influenced young Thomsen’s career. Image credit: DTU History of 
Technology.

the Faculty.”50 In April 1864 the Senate approved the proposal and 
Thomsen was hired, to be appointed extraordinary docent in chem
istry on 22 August 1865 and now with a seat in the Faculty (but only 
after he had repeated his application and provided further argu
ments for it). Thomsen’s obligations as a docent was the result of 
skilful negotiations with the Ministry in which he firmly denied to 
give separate lectures to the polytechnic students in subjects he cov- 

50. Aarbogfor Kjøbenhavns Universitet 1864-1871, p. 42. Accessible online at http:// 
publikationer.ku.dk/aarlige_udgivelser/aarbog/
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ered for the university students; he also would not lecture at the 
Polytechnic College in technical-organic chemistry. This was ac
cepted by the Ministry.

In December 1865 Forchhammer died and as a result it fell on 
Thomsen’s shoulders to give the ordinary lectures in chemistry. 
When Scharling passed away the following year, Thomsen was the 
natural successor and in a strong bargaining position. During the 
years 1859-1860 he had substituted for Scharling, who was frequent
ly ill, so he was well prepared. Thomsen used the situation to pro
pose a major revision of the chemistry teaching at the University 
and the Polytechnic College, which was accepted by the Faculty. 
Among other things he argued that chemical technology was too 
important a subject to be taught by the university professor of 
chemistry; it needed to be taken care of by a new docent with par
ticular expertise in the field. Moreover, Thomsen proposed a new 
lectureship to be established at the University. The lecturer or do
cent should belong to the University but be responsible for the 
chemical laboratory at the Polytechnic College and give lectures 
there. Thomsen thus opened up for two new positions in Danish 
chemistry.

On 22 December 1866 he was appointed full university professor 
in chemistry. In addition to his duties at the University Thomsen 
also had to take care of parts of the chemical education at the Poly
technic College, his alma mater. The whole process from 1863 to 
1866 was slow, tedious and bureaucratic as it concerned not only 
chemistry at the University but also at the Polytechnic College. By 
following the account in the university yearbooks one gets a de
tailed impression of the state of art of Danish chemistry at the two 
sister institutions in the 1860s.51

51. The negotiations can be followed in AarbogforKjøbenhavns Universitet 1864-1871. pp.
42-51.

Shortly before Thomsen’s professorship was confirmed, Sophus 
Georg Drewsen, a recent polytechnic-chemical graduate, wrote a 
letter to his friend Gustav A. Hagemann who was then staying in 
the United States. Drewsen had just become an assistant at the lab
oratory of the Polytechnic College, “so now I am together with Ju
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lius ... with whom I get along quite well; there is much to do, 
though, for there are 49 people in the laboratory.” He went on to tell 
about Julius Thomsen and his brothers: “Thomas Thomsen has 
been assigned assistant to Barfoed as August Thomsen has gone to 
Paris on some business of technical chemistry; he is to be docent in 
technical chemistry, a job that J. Thomsen refuses to take on. ... 
Thomsen rarely turns up in the university laboratory although he is 
supposed to be in charge of the teaching. At the Polytechnic Col
lege he works day and night in Forchhammer’s laboratory and rare
ly shows up among the students.”52

52. The letter is quoted in extenso in Vinding (1942), pp. 40-43. Drewsen, who 
graduated in 1866 together with Thomas Thomsen, later worked as an engineer at 
Øresund Chemical Factories (cryolite) and the Tuborg Factories (beer). For 
Hagemann, see chapters 3 and 8.

The period in the mid-1860s witnessed a change of guard in 
Danish chemistry, with new internationally oriented chemists re
placing the older and more provincial generation of Ørsted’s era. 
The change was to a large extent the result of Thomsen’s negotia
tions. In 1867 Sophus Mads Jørgensen - always referred to as S. M. 
Jørgensen - was appointed docent and head of the chemical labora
tory at the Polytechnic College and thus became a colleague of 
Thomsen. Contrary to Thomsen the eleven-year younger Jørgensen 
was university-trained and had passed the magister exam; in 1869 
he wrote a doctoral dissertation on the iodine compounds of alka
loids. He became full professor at the University in 1887 and con
tinued in this position until 1908. As to the proposed position in 
chemical technology, the first of its kind, after some delay it was 
occupied by August Thomsen, Julius’ brother.

When Julius Thomsen was appointed professor at the university 
it caused raised eyebrows in parts of the academic establishment. 
Could it be true that a full professor at the University of Copenha
gen did not master Latin and had not written a doctoral disserta
tion, that he did not even have a high school exam qualifying him 
for university studies? Although this was most unusual, Thomsen 
was not the only prominent scientist of his generation without the 
proper academic credentials. His chemical colleague C. T. Barfoed 
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also had not written a doctoral dissertation and the same was the 
case with the highly regarded zoologist J. Steenstrup who became a 
professor in 1845, only 32 years old. Thomsen was a self-made man 
who considered a scientist’s credentials to lie with his scientific work 
and not with his academic titles. He never seems to have contem
plated writing a formal dissertation and then become a “proper” 
member of the academic brotherhood.

In an age when old traditions slowly gave way to new norms and 
ways of thinking, Thomsen was not the only one who nourished a 
certain degree of disrespect for the traditional academic system and 
its rigid hierarchy. The botanist and fermentation physiologist Emil 
Christian Hansen, who in the 1880s would become famous as an 
innovator of yeast cultures at the Carlsberg Laboratories, had to 
carve his own path to the top of Danish science. Like Thomsen he 
came from a modest social background. He eventually wrote a doc
toral dissertation, but only after having received dispensation from 
the ministry because of his lack of the academic magister degree. 
The Faculty of Science at the University of Copenhagen had de
cided against the dispensation, although the decision was resisted 
by Thomsen and a few other professors. It appears from Hansen’s 
diary that he felt himself and Thomsen to be kindred spirits. In 1877 
he had conversations with both of the professors of chemistry, 
Thomsen and S. M. Jørgensen. He felt that Jørgensen was too tra
ditional and that he cared too much about formal qualifications and 
too little about scientific qualifications. Thomsen was different and 
more to his like:

Thomsen, on the other hand, has gone his own way as I have done, 
and he understands my language. Although we have only talked to
gether a few times, we seem to go along better; we are of the same 
origin and this is what matters. Also his lectures appeal more to me, 
they are remarkable by being the words of a living chemist and not of 
a book. There is something strangely indistinct, something pale and 
bloodless about most of the “genuine academics” with whom I am 
acquainted ... and which makes me want to slap them in their face.53 

53. Quoted in Glamann and Glamann (2004), p. 99.
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Thomsen never became what Hansen called a “genuine academic,” 
but he nonetheless rose to an almost unrivalled position in the 
country’s scientific and academic elite.



CHAPTER 2

Thomsen’s white gold

Cryolite is a glassy white or white-reddish mineral which is largely 
limited to a small area in southern Greenland (Figures 2.1 and 2.2). 
At rare occasions is appears in other colours, such as gray or brown
ish or even black. Its density is 2.95 g cm3 and its hardness 2.5 on 
Mohs’ scale. The refraction index is 1.33, very close to water’s, and 
it forms monoclinic crystals. The pretty but rather rare mineral has 
a unique position in Danish-Greenlandic scientific and commercial 
history, and is closely associated with Julius Thomsen’s career and 
reputation. In brief, in the early 1850s Thomsen devised a chemical 
method which allowed him to produce soda from cryolite as raw 
material. After many problems had been overcome, the method was 
transformed into industrial soda works which for a limited period 
of time played an important role in the early phase of Danish indus
trialisation. As to Thomsen, it made him a wealthy man and estab
lished lasting relations between him and the elite of Danish trade 
and industry.

i. Much of this chapter relies on Kragh (1995) and on Kragh and Petersen (1995).

Remarkably, Thomsen was deeply engaged in this difficult and 
time-consuming project on industrial chemistry at the same time 
that he developed the thermochemical system for which he is best 
known. Whereas the first was a successful contribution to technical 
chemistry, the second was a no less successful contribution to pure 
or theoretical chemistry.1 In the very same period, Thomsen wrote 
two elementary textbooks in chemistry and engaged in a major 
study of the Copenhagen cholera epidemic. These activities are cov
ered in Chapter 3.

2.1. The icy stone from Greenland

The mineral cryolite is unusual in several respects, not least because 
its geographical distribution is essentially limited to a single depos-
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Figure 2.1. Cryolite with siderite from Ivittuut, Greenland. http://www. 
johnbetts-fineminerals.com/jhbnyc/mineralmuseum/18478.jpg

Figure 2.2. Thomsenolite with pachnolite from Ivittuut, Greenland, http:// 
www.johnbetts-fineminerals.com/jhbnyc/mineralmuseum/34858.jpg 

it in the southern part of Greenland. When Thomsen got interested 
in the mineral it had been known by Danish and other scientists for 
more than fifty years. However, although cryolite attracted a good 
deal of attention among chemists and mineral collectors, no one 
thought that it might be exploited on an industrial scale. After all, 
why should they think so? But thanks to Thomsen’s inventiveness 
and entreneneurial spirit, for a period of time the mineral became 
“white gold” not only to Thomsen but also to Danish industry and 
indeed for the Danish nation as a whole.

Since 1776, trade on Greenland was a monopoly under the state- 
owned Royal Greenland Trading Company (Den Kongelige Grøn
landske Handel, abbreviated KGH). In addition to furs from seals 
and polar bears, ships regularly brought to Copenhagen specimens 
of stones and minerals that were supposed to be rarities, hence of 
interest to museums, or were seen as objects of possible commercial 
exploitation.2 At the end of the eighteenth century, one of the ship
ments from the ice-covered island included a white, glossy mineral. 
In 1795 it was examined by Heinrich C. F. Schumacher, professor at 
the surgical school Academia Chirurgorum Regia founded in 1787 
and a prominent anatomist, botanist and mineralogist. Schumacher

2. See Gad (1976) for the important role of KGH in Greenland’s history.
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Figure 2.3. P. C. Abildgaard’s communication of 1800 on the chemical 
composition of cryolite.

was in 1789 aco-founder of the Society of Natural History (Naturhis
torie-Selskabet), and he described the new mineral in a report to the 
society’s journal.3

3. Schumacher (1795). The journal of the Society of Natural History (Sfowfcr) ap
peared between 1790 and 1810 in a series of 11 half-volumes each containing about 
200 pages. Although dominated by botany and zoology, Skrwter also included a fair 
number of articles on geology, topography, and chemistry. The short-lived journal 
was also published in German language, in a version entitled Schriften der Aatur- 

forschenden Gesellschaft zur Kopenhagen.

Schumacher’s report caught the attention of another of the co
founders of the Society of Natural History, the no less prominent 
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Copenhagen scientist Peter Christian Abildgaard.4 Best known as a 
pioneer of Danish veterinary science, Abildgaard was also an able 
chemist and mineralogist. He was in contact with the Portuguese- 
Brazilian mineralogist Jozé Bonifacius de Andrada e Silva, whom 
he provided with specimens of the Greenlandic mineral for further 
examination. Andrada, who had described several new minerals in 
Scandinavia and elsewhere, mainly examined the physical and min
eralogical characteristics. He found that the mineral was semi-trans
parent, with a wet gloss, and that it easily melted under the blow
pipe, almost like ice. The refractive index turned out to be 1.33, very 
close to water’s. More precisely, whereas the refractive index of wa
ter is 1.330, the one of pure cryolite is 1.338.

4. On Abildgaard’s life and career, see Andersen (1985).
5. Abildgaard (1800); Andrada (1800).
6. The name first appeared in a brief report by Andrada in Scherer’s AllgemeineJournal 
derChemieH. (1798): 502.
7. See Vauqelin (1800) and Klaproth (1801).

In letters to Abildgaard, Andrada reported his results and sug
gested to his Danish colleague that he undertook a proper chemi
cal analysis. According to Abildgaard, the mineral could be dis
solved in strong sulphuric acid, leaving fluorspar acid (hydrogen 
fluoride, HF) and alumina.5 However, the volatility of the fluorspar 
acid prevented Abildgaard from determining the stoichiometric re
lationship between the mineral’s two components. While a formu
la was still missing, Andrada and Abildgaard agreed on a name: 
they suggested calling it cryolite, meaning ice-stone or frost-stone in 
Greek.6

A quantitative analysis was first made by two of Europe’s fore
most analytical chemists, Louis Nicholas Vauquelin in Paris and 
Martin Heinrich Klaproth in Berlin.7 Contrary to what had previ
ously been believed, they found the alkali to be “mineral” or “ma
rine” soda (natron), meaning that cryolite was composed by alumi
na, soda and fluorspar acid. At the time the element sodium had not 
yet been isolated (the element was first produced in pure form by 
Davy in 1807 by means of galvanic electrolysis). While Klaproth 
reported the weight percentages 24-36-40, Vauquelin obtained 21- 
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33-46. From a report of 1812 to the Royal Society of Edinburgh, we 
get an impression of this early phase of cryolite’s chemical history:

Abildgaard ... detected the presence of fluoric acid and alumina in its 
composition, the former of which had till then only been met with in 
combination with lime. The subsequent investigations of Klaproth 
and Vauquelin have given us the analysis of this stone in a more per
fect form. Besides fluoric acid and alumina, they found soda, forming 
about one-third of the whole; thus adding to the catalogue of miner
als the most interesting compound the kingdom affords. The name 
which was given to it by Abildgaard, was suggested by its wonderful 
fusibility, in which respect it surpasses eveiy other mineral. .. .This 
substance obtained veiy high estimation in the mineral market. I 
have in my possession a small specimen for which a friend of mine 
paid four pounds.8

8. Allan (1813), p. 101. Thomas Allan was a Scottish banker and amateur mineralo
gist who had come into possession of some of the cryolite collected by K. Giesecke.
g. Berzelius (1824). The report on cryolite first appeared in Svenska VetenskapsAkade- 
miens Handlingar (1823): 315.

It was only in 1823, when the great Swedish chemist Jöns Jacob Ber
zelius took up the matter, that the precise composition became 
known and cryolite was associated with a definite chemical formula. 
Berzelius concluded that the three components (alumina, soda, and 
fluorspar acid) appeared in the weight ratio 24.4-31.4-44.2.9 Translat
ed into values for aluminium, sodium and fluorine - an element only 
isolated in 1886 - the ratio corresponds to 12.91% Al, 32.83% Na, and 
54.26% F (the latter percentage determined as rest). Given that to
day’s values are 12.85% Al, 32.85% Na and 54.30% F, Berzelius’ deter
mination was remarkably precise. In modern nomenclature and ig
noring crystal water, the formula is thus 3NaF, A1F3 or Na3AlF6.

During the first two decades of the nineteenth century, cryolite 
was considered a rarity of interest mainly to chemists, geologists, 
and collectors of minerals. The exploration of the cryolite deposit 
in Greenland, and hence the wider dissemination of the mineral, 
was due to the German-born polymath Karl Ludwig Giesecke, one 
of the more colourful figures in the history of early nineteenth-cen
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tury science. While staying in Vienna as a young man, Giesecke was 
primarily occupied with music, poetry and the theatre. He partici
pated as a stage manager and actor in the first performance ever of 
The Magic Flute, Mozart’s last and possibly most famous opera, which 
took place at the Freiherr Theater in Vienna on 30 September 1791. 
It is believed that he was involved in writing the libretto and may 
have been responsible for part of it.10

10. On Giesecke’s career, see Whittaker (2007). See also Whittaker (1991) for the 
Giesecke-Mozart connection.
11. Giesecke (1822). His detailed travel diary was published much later as Giesecke 

Only after having moved to Berlin in 1801did Giesecke become 
seriously interested in science. Among those he met and learned 
from in the Prussian capital was Klaproth, the mineralogist Dietrich 
Karsten, and the famous geologist Abraham Werner known as the 
father of the “neptunist” conception of the Earth. He also got ac
quainted with the Danish pharmacist Johann Manthey, who taught 
chemistry in Copenhagen and was a mentor for the young H. C. 
Ørsted. As a result of his mineralogical travels to Scandinavia and 
the Faroe Islands, Giesecke was elected a foreign member of the 
Royal Swedish Academy of Science and in 1817 also of the Royal 
Danish Academy. In 1805 Giesecke settled in Copenhagen and the 
following year, on the recommendation of Manthey, he was hired 
by the KGH as a consultant. He arrived in Greenland in 1806, only 
to return to Denmark seven years later. His long but fruitful stay in 
Greenland was involuntary, owing to the Napoleonic wars that pre
vented an earlier return.

Giesecke subsequently settled in Dublin, where he morphed to 
the highly respected Sir Charles Lewis Giesecke, Professor of min
eralogy at the Royal Dublin Society. In 1822 he published a brief 
account of the rich cryolite deposit that he had first located at Ivit- 
tuut (formerly Ivigtut) near the Arsuk bay in 1809. As Giesecke 
noted, he had found the deposit “by a mere accident” and was in no 
way to be regarded the discoverer of cryolite. “We owe the first dis
covery of cryolite to the Greenlanders,” he insisted, “who, finding it 
to be a soft substance, employed water-worn rounded fragments as 
weights on their angling lines.”11 Indeed, the Greenlanders had for 
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long had a name for the mineral, which they called Orsuksiksæt, or 
“the stone looking like the seal’s blubber.”

Despite Giesecke’s important contributions to the geology of 
Greenland, cryolite remained a mineral that appealed more to mu
seums and collectors than industrially inclined scientists. The situa
tion only changed in 1847, when J. G. Forchhammer began experi
menting with a shipment of cryolite from the Ivittuut deposit.12 
Forchhammer’s idea was to use the mineral as a glaze for porcelain 
and other earthen ware, but it turned out that it was not suited for 
the purpose. Nonetheless, the large amount of cryolite left over 
from Forchhammer’s experiments, was more than just a waste prod
uct. Enter his assistant, young Julius Thomsen.

(1910), edited and supplied with a biographical foreword by the Danish geologist 
Knud Steenstrup.
12. Forchhammer did not report his experiments, but they are known from his 
correspondence. See Topp (1990), p. 3.

2.2. The cryolite soda process

Rather than using cryolite for the manufacture of porcelain glaze, 
Thomsen thought that the mineral might be decomposed so as to 
produce the commercially valuable soda crystals. Small amounts of 
soda were at the time produced domestically from kelp, but in 
quantities and purity which were unable to satisfy the demands of 
the local manufacturers of soap and glass. In the Leblanc process, 
so named after the French chemist Nicolas Leblanc who invented it 
in 1789, soda was obtained from common salt, sulphuric acid, car
bon, and lime. The important Le Blanc process can (anachronisti- 
cally, of course) be summarised as three consecutive processes:

2 NaCl + H2SO4 -> Na2SO4 + 2 HC1

Na2SO4 + 4 C —> Na2S + 4 CO, 2CO + O2^2CO2

Na2S + CaCO3 —> CaS + Na2CO3
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British soda factories based on the Leblanc process dominated the 
market in the mid-nineteenth century, when the country’s alkali 
plants produced about 140,000 tons per year.13 No factory of this 
kind was ever established in Denmark. With a growing need for 
soda, and practically no domestic production, the small country 
had to import most of the commodity from foreign factories. This 
was the economic situation that made Thomsen consider cryolite a 
possible raw material for soda if it could only be provided from 
Greenland in sufficient quantities and at a competitive prize. He did 
not consider exploiting cryolite’s content of aluminium, such as a 
few other scientists did.

13. See, for example, Haber (1958).
14. I rely on the extracts of the report reproduced in Topp (1990). Thomsen’s only 
published account of his cryolite soda process appeared in 1862 and was mostly a 
description of the industrial version rather than dealing with the original discovery. 
See Thomson (1862a) and the German article Thomson (1863a).
15. Quoted from Topp (1990), p. 7. Thomsen’s name for barium fluoride was 
“Fluorbarium.”

Experiments made in 1849 in the laboratory of the Polytechnic 
College, most likely a continuation of Forchhammer’s work, con
vinced Thomsen that soda could indeed be produced from cryolite. 
Although he did not publish his method or reveal how he had ar
rived at his invention, it is possible to reconstruct it from an unpub
lished report attached to his 1852 patent application.14 Rather than 
decompose cryolite with sulphuric acid, which would produce the 
harmful fluorspar acid (HF), he tried an alkaline decomposition, 
first by using cryolite suspended in baryta water, or what in our 
nomenclature is Ba(OH)2. The result was surprising:

A priori one could hardly expect anything to occur, and yet, by boil
ing a suspension of cryolite powder in baiyta water a reaction be
tween the components took place; I found in the liquid a solution of 
clayey soil in soda, whereas the precipitate was made of barium fluo
ride. This opened up the road for me... .15

Well aware of the chemical similarity between the elements barium 
and calcium, Thomsen next used quicklime (CaO) as well as slaked 
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lime (Ca(OH)2 ) with the same result, namely a precipitation of flu
orspar (CaF2). This initial step seems to have been guided by 
Thomsen’s scientific insight and interest in the problem of affinity, 
an interest that he was about to develop into his important research 
programme of thermochemistry. In his 1852 report he stressed that 
the various methods he proposed were all “modifications in the ap
plication of the same principle - the strong affinity of fluorine to 
calcium - which I have succeeded in establishing.” This was un
doubtedly a reference to his new thermochemical theory.

Thomsen’s reference to fluorine was to an element as yet un
known. As Thomsen wrote in his textbook of 1850 to be considered 
in Section 3.1, “Fluorine is the only element about which we know 
that it exists and yet have been unable to isolate in its free form.”16 
Fluorspar acid and various salts of it were well known at the time, 
when it was suspected that they were compounds including a new 
chemical element analogous to chlorine. However, this highly elec
tronegative element (fluorine) was still unknown and it would take 
many years until chemists succeeded in isolating it from its com
pounds. The most difficult problem of isolating the element and 
determining its atomic weight was eventually solved by the French 
chemist Henri Moissan, but it took until 1886 before the job was 
done.17 Twenty years later Moissan would receive the Nobel Prize in 
chemistry for his preparation of fluorine.

16. Thomsen (1850a), p. 35.
17. See Weeks and Leicester (1968) for the complex story of fluorine and its discovery.
18. In Thomsen (1861), p. 119, he referred to his early experiments with cryolite and 

It is tempting to speculate that Thomsen used thermochemical 
reasoning to infer or predict the alkaline decomposition of cryolite. 
However, his invention was hardly scientifically grounded in this 
direct manner. The strong affinity between calcium and fluorine was 
commonly known at the time, and Thomsen did not perform ther
mochemical measurements with cryolite or other substances active 
in the process leading to soda. Thomsen’s first publication on his 
new principle of thermochemistry appeared in 1852, the same year 
as the patent report, but it contained no data relevant to the cryolite 
soda process.18 Conversely, his publications on cryolite soda con
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tained no direct references to thermochemical reasoning. Thomsen 
proceeded in a systematic and thoroughly scientific manner, but his 
approach was largely empirical rather than theoretical. In any case, 
Thomsen’s experiments proved that if pulverised cryolite was 
boiled with lime a chemical reaction occurred, leaving a suspension 
of alumina (also known as “clay soil”) and a precipitate of fluorspar. 
Conceiving the clayey soil to consist of a mixture of alumina and 
soda ash, which here can be translated as Na2O, he figured that the 
ash might be turned into soda by adding carbon dioxide:

Na2O + CO2 —> Na2CO3

Further experiments confirmed the hypothesis.
In a few cases Thomson referred in his report to “atoms” of mat

ter. For example, he wrote that from “one atom of cryolite” it would 
be theoretically possible to produce “two atoms of soda and one 
atom of alum.” He obviously used the term “atom” in a different 
sense than today, yet it is of some interest that he referred to atoms 
at all.19 As we shall see, contrary to his former teacher Ørsted (and 
also to Forchhammer), Thomsen never doubted that matter con
sisted of smallest units, or what contemporary chemists typically 
called atoms. On the contrary, he was an outspoken atomist who in 
later works would praise the atomic hypothesis as the only true 
foundation of chemistry - without excluding the possibility that the 
chemical atoms were composites of even smaller bodies. Still, there 
are indications that in the early 1850s Thomsen did not yet sub
scribe to the atomic hypothesis in the same sense that he would do 
later on (see Section 3.1).

diluted sulphuric acid, noting that apart from fluorspar acid they also resulted in an 
unexpected evolution of hydrogen sulphide. The latter phenomenon puzzled him 
and apparently inspired him to think of a connection between affinity and heat 
evolution.
19. The term “molecule” as distinct from “atom” had not yet entered the chemical 
vocabulary. It only became commonly used after the Karlsruhe congress in 1858 (see 
Section 5.3). In his pioneering work on chemical atomism, A New System of Chemiceil 
Philosophy from 1808, John Dalton referred to, for example, the “atoms” of water, 
lime, sugar, and alcohol.
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From Thomsen’s report it is possible to reconstruct, in modern 
chemical language, the experimental basis of his original cryolite 
soda process. The reaction between cryolite and quicklime is

Na3AlF6+ 3 CaO —> Na3AlO3 + 3 CaF2

What Thomsen described as “soda clay soil” can be written as

Na3AlO3-3H2O + A1(OH)3 or 2 Na3AlO3 = A12O3 + 3 Na2O

The natron or soda ash thus being part of the earth is transformed 
into anhydrous soda by the action of carbon dioxide:

2 NaOH + CO2 —> Na2CO3 + H2O or Na2O + CO2 —> Na2CO3

As Thomsen noticed, because of the absence of sulphuric acid in 
the process the soda produced in this way would not be contami
nated with sulphides. As he knew, this was a severe problem in the 
Leblanc process, where large quantities of calcium sulphide were 
produced together with the soda. The first reaction between cryolite 
and quicklime was the key to Thomsen’s process, but it occurred by 
means of intermediate solid phases that were not known to him. An 
examination based on modern thermodynamic data indicates sev
eral plausible candidates, which all transfer the sodium content of 
the cryolite into the water-soluble NaF.20 Two of the candidate reac
tions are

20. See Jewess (2010). The symbol AG refers to the difference in Gibbs’s free energy.

2 Na3AlF6 + 6 CaO -> 6 NaF + A12O3 + 3 CaF2 + 3 CaO*
(AG = - 260 kj/mole)

and

2 Na3AlF6 + 6 CaO —> 6 NaF + CaAl2O4 + 3 CaF2 + 2 CaO*
(AG = - 283 kj/mole)
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The symbol CaO* denotes unused quicklime and pressure and tem
perature are assumed to be 1 bar and 298 K, respectively.

It may be assumed that Thomson had produced small amounts 
of soda from cryolite by the end of 1849 and that he understood the 
chemistry of the involved processes. But his experiments were on a 
laboratory scale only, and he may not initially have considered an 
extension to an industrial scale. After all, the entire amount of avail
able cryolite left over from Forchhammer was a few hundred kilo
grams. However, in 1852 the geologist and explorer Hinrich Jo
hannes Rink was sent to Greenland by the Danish Government in 
order to, amongst other things, evaluate the mineral resources. Rink 
had originally studied physics and chemistry at the Polytechnic Col
lege and for a time served as chemistry teacher at the University of 
Copenhagen.21 On the recommendation of Ørsted, he participated 
in the Galathea expedition around the globe between 1845 and 
1847. Latest by the summer of 1852 Rink was aware of Thomsen’s 
project and its potential commercial importance. When he returned 
to Copenhagen in the fall of 1852, he reported that the amount of 
cryolite was large and that the mineral was easily accessible.22 With 
Rink’s information Thomsen realised that his discovery might be 
transformed into an industry if he could be supplied with large 
quantities of the raw material. It was a great “if.”

21. See Brown (1894).
22. Topp (1990) and Garboe (1959-1961), vol. 2, pp. 213-221. Rink also mentioned 
that the Ivittuut deposit contained minerals based on iron, lead, copper and tin, but 
in much too small amounts to allow commercial production of the metals.

The first hurdle to pass would be to be granted a patent or royal 
privilege for the process, for which Thomsen applied on 2 Novem
ber 1852. At that time, a Danish patent was only granted if the au
thorities judged the invention to be useful and able to be developed 
commercially in a national context. Novelty was less important. 
Furthermore, a patent - meaning the exclusive right to manufacture 
a product or exploit a method - was usually granted for five or ten 
years, but with the proviso that the invention had to be put into 
productive application within a year after the granting of the pat
ent. If not so, the patent protection could be cancelled. It is no won-
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der, then, that Thomsen was eager to convince the authorities that 
his invention was indeed commercially useful and would mean an 
economic benefit for the country. He stressed in his report that the 
cryolite soda process “is no empty speculation, but the method is 
really practically feasible.” Thomsen estimated that an annual ex
traction of 200 tons of cryolite would result in a profit of 7,800 Rbd 
(rix-dollar), a result obtained from the assumed sale of 350 tons of 
soda (21,000 Rbd) minus the total costs, which he estimated to 
13,200 Rbd. At the time the annual income for a fully employed 
worker in Copenhagen was 180 Rbd and the rate of exchange about 
9Rbd = £l.

Thomson’s figures in his report of 1852 show that he had a clear 
grasp of the chemical mechanisms in the described process. Using 
the above reactions, the figures can be reconstructed as follows. 
Theoretically, one equivalent of cryolite will result in 1.5 equivalent 
of anhydrous soda and then also 1.5 equivalent of the commercial 
product crystalline soda (Na2CO3 • 10H2O). In terms of weights, 
200 tons will yield an amount of 392 tons of crystal soda.23 Realising 
that the industrial process would not follow the theoretical scheme, 
Thomsen reduced the figure to 350 tons. That is, he presumed a 
yield of 90% of what was theoretically possible, which was still a 
somewhat optimistic estimate. With regard to the amount of lime, a 
stoichiometric calculation shows the theoretical cryolite-to-lime 
weight ratio to be 1.37, as compared to Thomsen’s 1.31. However, 
his experiments had shown that a complete decomposition of the 
cryolite required an amount of lime about 1.3 times as large as the 
theoretical value. That is, the two figures approximately cancel, and 
the needed mass of lime will equal the mass of cryolite.

23. Eleven years later Thomsen, using more accurate atomic weights, corrected the 
figure to 408 tons. See Thomsen (1863a), p. 366.

Although Thomsen emphasised the manufacture of soda, he 
also called attention to the commercial aspects of the alum, which 
could easily be produced by the sodium alumina not otherwise 
used. Alum - usually potassium alum in the form KA1(SO4)2 • 
12H2O - was widely used in paper manufacture, tanning of leather, 
manufacture of mordants, and several other industries. Although 
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the alum resulting from cryolite was sodium alum - roughly 
NaAl(SO4)2 • 12H2O - Thomsen believed it would find equally 
good industrial application. The fact that alum manufacture would 
require large quantities of sulphuric acid was, Thomson argued, 
only an advantage. He maintained it would stimulate a great in
crease in domestic production of the important acid and thereby 
would pave the way for a chemical industry in Denmark centred on 
the two chemicals, soda and sulphuric acid, that already had revolu
tionised the industry elsewhere in Europe - and all would be based 
on local raw materials.

2.3. Towards a Danish chemical industry

Thomsen was granted his patent on the manufacture of cryolite 
soda on 23 January 1853. Although it was valid for a period of ten 
years, it included the standard clause that the invention had to be 
put into practical use within a year, meaning by early 1854. Since 
the entire scheme rested on large supplies of cryolite, and there still 
was no organised extraction of the mineral in Greenland, Thomsen 
was in a dilemma. A subsequent application for the free right of 
mining of cryolite was turned down by the Ministry of the Interior 
which on 29 March 1853 decided that the rights of mining belonged 
exclusively to the state-owned KGH. A concession for mining in 
Greenland had earlier been applied for by Jacob Henrik Lundt, a 
wealthy merchant from Aalborg, who was primarily interested in 
the deposits of graphite, lead and tin minerals but also had an eye 
for the possible use of cryolite. In fact, as early as 1850 Lundt sold 
about 250 kg of cryolite in England, which was the first commercial 
transaction involving the mineral. The small amount was not used 
to manufacture soda, but boiled with slaked lime it was used as a 
substitute for soda by British soap makers in the Staffordshire coun
ty.24 Lundt’s applications for mining rights 1851-1852 were declined 

24. In the years 1847-1869 the Danish-Jewish novelist and publisher Meir Aron 
Goldschmidt ran a political magazine titled NordogSyd (North and South). Quoting 
the trade magazine Miningjournal (4 October 1856): p. 670, in a detailed article of 
1857 NordogSyd referred very positively to the emerging industrial use of cryolite. The 
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for largely the same reasons that Thomsen’s application was de
clined. The Government wanted to keep mining in Greenland a 
state monopoly.

Not only had Thomsen no financial backing for his project, in 
much of the period 1853-1854 he was abroad on a chemical study 
tour and for this reason unable to communicate easily with authori
ties and potential investors in Copenhagen. He was on the verge of 
giving up the whole scheme when he joined forces with Johan 
Christian Georg Howitz, a 32-year old engineer with good connec
tions to industrialists and financiers. Howitz was an old friend of 
Thomsen with whom he had studied chemistry and physics at the 
Polytechnic College. He graduated in 1846, the same year as Thom
sen, and for a short period in 1848-1849 he served as assistant to 
Forchhammer. Howitz was subsequently employed as technical as
sistant at the Copenhagen Water Works and in 1854, when the city 
decided to establish its own gas works, he was put in charge of its 
construction. A pioneer in the establishment of coal gas supply in 
Denmark, he became the first managing director of the Copenha
gen Gas Works (Vestre Gasværk) founded in 1857.25 His interest in 
coal gas technology led him the following year to apply local bog 
iron as an efficient purifier to remove hydrogen cyanide and hydro
gen sulphide from coal gas. Bog iron is cheap and rich in Fe2O3. The 
processes in Howitz’s method to get rid of the toxic gases H2S and 
HCN can be reconstructed as

article was unsigned but possibly written by Goldschmidt, for which reason I have 
placed it in the bibliography as Goldschmidt (1857). See also Sveistrup (1956) and 
Topp (1990), pp. 13-22.
25. The first Danish coal gas system was established in Odense in 1853. A detailed 
historical account of gas works in Denmark is given in Hyldtoft (1994), which 
includes an extended summary in English. As we shall see in Chapter 8, Thomsen 
took a keen interest in the Copenhagen gas system both from a scientific and an 
economic point of view.

Fe2O3 + 3 H2S —> Fe2S3 + 3 H2O

and
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2 Fe2O3 + 3 FeO + 18 HCN -> Fe4[Fe(CN)6]3 + 9 H2O.

The method soon spread to other Danish gas works and also to 
other countries. It resulted in a considerable export of Danish bog 
iron for this purpose.26

26. See Kragh and Petersen (1995), pp. 285-287.

After their graduation in 1846 Thomsen and Howitz had re
mained in contact, and in the summer of 1853 the latter offered his 
assistance in the still more problematic cryolite case. The result was 
a company formed by the two polytechnic chemists. In Thomsen’s 
absence it was Howitz who in January 1854 applied, this time suc
cessfully, for a renewal of the royal privilege concerning cryolite 
soda manufacture. Although Howitz tried hard to raise capital 
among Danis industrialists and investors, at first his efforts were in 
vain. Apart from lack of capital, the company formed by Thomsen 
and Howitz also had to fight with the bottleneck of insufficient sup
plies of cryolite from the KGH. While they received 56 barrels in 
1854, the following year the shipment from Greenland had dwin
dled to only 3 barrels, and a supply of about 30 barrels from KGH 
in 1856 did not help much (1 barrel is approximately 10 kg). It was 
much too little for the cryolite soda industry of which they dreamed. 
Parts of the small amounts were used by Thomson in experimental 
work on a larger scale than in his earlier experiments. Most of the 
rest was sold to local soap makers.

Still in 1856 Thomsen had not published his invention in either 
the scientific or popular literature. As cryolite and its possible use 
in the manufacture of either soda or aluminium became more 
known, it led to various claims that the relevant processes were due 
to other people. In this case, as in several later cases, Thomsen felt 
obliged to defend his priority. For example, in an article in the Co
penhagen journal Dagbladet from the summer of 1856 it was sug
gested that Lundt was the originator of the industrial use of cryo
lite. Thomsen at once objected: “It is the writer of this letter and no 
one else who first demonstrated the importance of cryolite for in
dustry and trade. When I made my investigations concerning cryo
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lite and established the methods of production that would create a 
new line of industry in Denmark, ... there was still no technical 
application of cryolite.”27

27. Dagbladet, 6 June 1856. Thomsen’s full letter is reproduced in Topp (1990), pp. 
64-65. Thomsen also highlighted his priority in Thomson (1862a) and, aimed at an 
international audience, in Thomsen (1863a).
28. A full biography is given in Lange (2006), which deals with Tietgens’ early 
involvement in the cryolite industry on pp. 66-69.

The fortunes of the frailing cryolite adventure changed to the 
better in the fall of 1855, when Thomsen made contact with the 
young, up-and-coming businessman Carl Frederik Tietgen, who 
was on his way to becoming the country’s leading industrialist, 
banker and entrepreneur.28 Denmark’s first telegraph line, connect
ing Copenhagen and Hamburg, had opened in early 1854 and Tiet- 
gen was quick to realise the commercial importance of the new tech
nology. He had just begun his involvement with the telegraph 
business, which soon would lead to the establishment of the Great 
Northern Telegraph Company, but he was on the lookout for any 
profitable investment and considered cryolite a promising one. Tiet- 
gen had come to know about the mineral while staying in Manches
ter, where one of his associates had mentioned the possible use of 
cryolite in connection with the production of aluminium (and not 
soda). His interest was not so much concerned with Thomsen’s pat
ent as with the mining of cryolite for the purpose of selling it to 
manufacturers of aluminium in France.

In late 1855 Tietgen arranged with Thomsen and Howitz that if 
they could obtain the right to extract cryolite, he would finance and 
organise an expedition to Greenland with the object of shipping 
large quantities to Copenhagen. The application of Thomsen and 
Howitz of 28 January 1856 was granted and shortly thereafter the 
two chemist-entrepreneurs made an agreement with Tietgen, ac
cording to which he took over the company and the right to use 
Thomsen’s patent. In September the schooner Sønderjylland, ac
quired by Tietgen and a consortium of five business partners, re
turned to Copenhagen loaded with 134 tons of cryolite. However, 
contrary to Tietgen’s expectations, it proved impossible to find
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Figure 2.4. Thomsen’s kiln for the manufacture of soda from cryolite. 
Source: Thomsen (1863a).

enough customers for the commodity in the small European alu
minium industry.

As a result of the disappointing investment adventure, in May 
1857 Tietgen sold the rights to use Thomsen’s patent to the Danish 
trading company Theobald Weber & Co., which also took over ap
proximately 120 tons of cryolite left over from the shipment of the 
previous year. According to the contract, Thomsen and Howitz 
were each secured one third of the profit of the cryolite business. 
Weber & Co. wanted to use cryolite soda in their new manufacture 
of mirror glass, the first production of such glass in Scandinavia. 
For this purpose, where chemically pure soda was required, a fac
tory at Christiansdal near Haderslev in Southern Jutland was estab
lished. In the autumn a small cryolite soda industry began to oper
ate, proving on an industrial scale that Thomsen’s method actually 
worked. On the other hand, the Christiansdal factory was not really 
successful, as it was plagued by technical and economic problems. 
After about a year’s operation it was decided to move the produc
tion to Copenhagen, where a new and much bigger factory was es
tablished.

The new factory, named “Kryolithfabriken Øresund” (so named 
after the nearby belt between Denmark and Sweden), was inaugu
rated on Thomsen’s birthday, 16 February 1859, an indication that 
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the factory would not have existed had it not been for Thomsen’s 
research. It was owned by Weber & Co. and had Thomsen as techni
cal director and joint owner. Whereas the Christiansdal works had 
purchased only about 200 tons of cryolite and manufactured some 
150 tons of soda, the Øresund factory was designed to an annual 
production of 2500 tons. The actual production of soda during the 
early years is not known, but with a consumption of 1500 tons of 
cryolite in 1859 it must have been about 2200 tons. In the five-year 
period 1860-1864, a total amount of 13,100 tons of raw cryolite was 
shipped from the Ivittuut deposit, peaking in 1862 with 4700 tons.

The main features in the production process at the Øresund fac
tory in the early period 1857-1865 were as follows.29 The raw materi
als were limestone and cryolite, which were pulverised and mixed in 
the ratio 3:2. The powder was transferred to a specially designed 
kiln where it was heated for about three hours to complete the de
composition into fluorspar and soda clay soil (Figure 2.4). After 
cooling, the mixture was treated with water, resulting in a precipi
tate of fluorspar and a concentrated solution of soda clay soil, 
roughly of the form Na3AlO3.

29. For further details, see Thomsen (1862a), Jarl (1909a), and Halland (1911).

This first phase of the process differed in some respects from 
Thomsen’s original proposal where the decomposition was per
formed by boiling aqueous suspensions of cryolite and quicklime. 
This was also the process initially used at the Christiansdal works in 
1857, but Thomsen soon realised that a solid-state reaction, or what 
was known as the “dry way,” was preferable if the heating could be 
carefully controlled so as to heat the mixture without melting it. 
Comparative tests showed that boiling with quicklime gave a some
what higher soda yield than heating with solid limestone, a result of 
the formation of Glauber salt (Na2SO4 , 10 H2O) due to impurities 
of sulphur in the cryolite. However, it also turned out that the heat
ing method resulted in a more concentrated solution of soda after 
lixiviation. It therefore required less heat for the final evaporation 
and was, in effect, considerably more economic. After many difficul
ties, in 1861 Thomsen designed a new type of kiln, specifically to 
meet the demands of solid cryolite-lime heating. Apart from giving 
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a satisfactory soda yield (150-160%), Thomsen’s kiln also had a bet
ter fuel economy, requiring 800 kg of pit coal for a daily processing 
of 2.5 tons of cryolite into soda.30

30. Thomsen (1862a) and (1863a).
31. Richards (1887), pp. 146-149. Richards referred to “Julius Thomson,” without 
given any information about the inventor of the process. The misspelling was and 
still is common among English-speaking scientists.

According to a later description, due to the American chemist 
and metallurgist Joseph Richards at Lehigh University and refer
ring to the larger production at the Øresund works:

Thomson constructed a furnace in which the flame from the fire first 
went under the bed of the furnace, then over the charge spread out 
on the bed, and finally in a flue over the roof of the hearth. The 
hearth ... is charged twelve times each day, each time with 500 kilos 
of mixture, thus roasting 6000 kilos daily, with a consumption of 800 
kilos of coal. ... In this furnace the mass is ignited thoroughly with
out a bit of it melting, so that the residue can be fully washed with 
water. The reaction commences at a gentle heat, but is not completed 
until a red heat is reached. Here is the critical point of the whole 
process, since a very little raising of the temperature above a red heat 
causes it to melt.31

In the second phase of the process, the solution of clay soil was 
treated with carbon dioxide, coming entirely from the heating of 
the limestone whereby soda was formed. After evaporation and pre
cipitation of impurities, soda crystals were obtained as the end 
product. Tests of the new kiln fed with pure cryolite showed a yield 
of 197% or very close to the theoretical maximum of 204%. Howev
er, in the ordinary production (where the cryolite contained impuri
ties), the factory only managed to get a yield of about 160%.

Apart from soda, another valuable product was obtained from 
the precipitate of clayey soil that, according to Thomsen’s analyses, 
consisted of bauxite (45%), water (35%), and soda ash (20%), where 
the latter product refers to sodium oxide. In the early 1860s Thom
sen developed a titrimetic method to determine the composition of 
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clay soil products with the aim of standardising the sulphuric clayey 
soil produced by the cryolite factory.32 The clever method was based 
on titration with a dilute solution of sodium hydrogen carbonate 
(NaHCO3) and comparison with analysis based on weight and vol
ume proved it to be very accurate. Other specially developed titri- 
metic methods were used to determine the strength of the soda lye, 
which could not be reliably determined by the standard titration 
with sulphuric acid and litmus as colour indicator. At the Christian- 
sdal works, the soil was either sold directly to consumers or sent to 
Germany where it was turned into the marketable “sulphuric clayey 
soil” by treatment with 60% sulphuric acid. This clay consisted 
mostly of hydrated aluminium sulphate. The large quantities of sul
phuric acid needed for this part of the process were primarily 
bought from the domestic works established by the British-Danish 
industrialist Joseph Owen, but supplemented with imported acid. 
During the years 1870-1886 the Øresund factory had its own pro
duction of sulphuric acid. The clay soil from cryolite attracted much 
interest and was a major product of the industry, both in Copenha
gen and elsewhere.33

32. Thomsen (1863b). The paper was first given at the ninth meeting of Scandinavian 
scientists held in Stockholm in July 1863 and also appeared in the proceedings of the 
meeting only published 1865 (Beretninger, pp. 331-340).
33. A detailed description is given in Wagner (1862). On Owen and his manufacture 
of sulphuric acid, see Kragh and Petersen (1995), pp. 137-142.
34. The literature on the history of aluminium is extensive. For the early phase, see 

2.4. On aluminium and cryolite

Thomsen’s interest in cryolite focused on its use for the manufac
ture of soda, while he paid little attention to the mineral’s content 
of aluminium. All the same, the histories of the mineral cryolite and 
the metal aluminium are tightly interwoven, and in a national con
text Thomsen played a part in both. In the long run it was not the 
soda manufacture that made cryolite a valuable commodity but 
rather its use in the aluminium industry, which only took off at the 
time of Thomsen’s death. A brief account of aluminium’s early his
tory and its connections to cryolite will be appropriate.34
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Although aluminium was only isolated in metallic form in the 
1820s, its existence had been recognised since about 1780. For ex
ample, Lavoisier’s list of chemical elements appearing in his semi
nal TraitéElémentaire de Chimie from 1789 included “alumine” as an 
earth, but as Lavoisier pointed out, the metal had not yet been sepa
rated from the clayey earth supposedly containing it. Some twenty 
years later Humphry Davy suggested the name “alumium” (and 
later “aluminum”), admitting that he had been unable to isolate the 
metal by means of electrolysis. The modern name “aluminium” 
dates from 1812, although in American spelling it is “aluminum.” 
To put it in a nutshell, the problem was that in clay earths such as 
bauxite, which contains 52% of the oxide A12O3, the metal is very 
tightly bound to the oxygen. Only in 1825 did Ørsted report a pos
itive result based on a chemical method which he described in a 
communication to the Royal Danish Academy of Sciences in Co
penhagen. Ørsted’s method proceeded in two phases, the first one 
consisting in the production of anhydrous aluminium chloride. It 
can be written

A12O3 + 3 C + 3 Cl2 -> 3 CO + 2 A1C13

To separate out the metal from the chloride, Ørsted used in the sec
ond phase potassium in the form of an amalgam (the mercury alloy 
KHg, where Hg is chemically inactive):

AICI3 + 3 K 3 KC1 + Al

The result of Ørsted’s experiments was what he described as “a 
lump of metal which in its colour and lustre somewhat resembles 
pewter.” He did not investigate this first sample of impure alumini
um - or what he proposed to call “argillium” - any further. Ørsted 
wrote to a few of his colleagues about his discovery, which received 
a brief notice in Schweigger’sJournalJurPhysikundChemie and also in 
PoggendorfF s Annalen der Physik und Chemie. Apart from this, “the dis
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covery was not trumpeted to any great degree,” as Ørsted’s biogra
pher puts it with an understatement.35

35. Christensen (2013), p. 428.
36. Today Ørsted’s priority has won general recognition. On the controversy 
concerning the discovery of aluminium and the relevant historical sources, see 
Kjølsen (1965), pp. 102-121.
37. Deville (1859). See also Foster (1859) for a contemporaneous account of 
aluminium and its potential uses.

It was only when the young German chemist Friedrich Wöhler 
visited Ørsted in 1827 that something happened. Ørsted generously 
passed over his method to Wöhler, who the following year succeed
ed in producing aluminium with pure potassium (instead of the 
KHg amalgam) and to determine the main properties of the new 
metal. During the nineteenth century Wöhler was generally recog
nised as the discoverer of aluminium, whereas Ørsted’s pioneering 
work of 1825 was either ignored or not appreciated as a proper dis
covery.36

Wohler’s aluminium remained a rarity and luxury product, ex
tremely expensive and of no practical use. The situation only 
changed in 1854, when Henri Sainte-Claire Deville, professor of 
chemistry at the École Normale in Paris, found a new method to 
produce the metal in pure form, namely to reduce aluminium chlo
ride with sodium instead of potassium. In Deville’s process, alumi
na (A12O3) was mixed with charcoal and, after heating, it was treat
ed with dry chlorine to form A1C13; a stream of chlorine vapour was 
passed over molten sodium to reduce the chloride to pure alumini
um.37 The pure metal produced by Deville was much less expensive 
than previously, if still as expensive as silver. It created a sensation, 
catching the imagination of people who hailed it as the metal of the 
future. As the Danish periodical NordogSyd (North and South) not
ed in 1857, the light aluminium seemed an obvious metal to use for 
airships. A few years later, in his famous science fiction novel From 
the Earth to the Moon, Jules Verne described the metal as possessing 
“the whiteness of silver, the indestructibility of gold, the tenacity of 
iron, the fusibility of copper, the lightness of glass.” With alumini
um objects displayed at the Paris Exhibition in 1855, and with Dev
ille’s metal being enthusiastically received by the public, aluminium 
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was suddenly en vogue. No wonder, then, that the aluminium content 
of cryolite also caught the attention of a few chemists and industri
alists who hoped to make the Greenlandic mineral a raw material of 
this metal of the future.

Thomsen was aware of the possible use of cryolite for aluminium 
manufacture, and in 1857 he experimented with electrolytic decom
position of cryolite, not in molten form but suspended in water. We 
know about Thomsen’s experiments from a letter Tietgen wrote to 
a business associate: “Thomsen believed that in the next week he 
would succeed [in making aluminium] by using a hitherto unex
plored method, namely the wet way in which it [the cryolite] is dis
solved and aluminium is precipitated by means of a galvanic 
current.”38 However, Thomsen was forced to conclude that the elec
trolytic method was unsatisfactory and consequently he never pub
lished his results. During his journey to Germany and France in 
1853-1854 Thomsen was in contact with the distinguished chemist 
at the University of Berlin, Heinrich Rose, whom he informed of his 
recent work and also of the possible manufacture of aluminium 
from cryolite as raw material. Perhaps as a consequence, Rose de
vised a method in which he placed, in an iron crucible, finely di
vided cryolite between thin layers of sodium. To this he added a 
layer of potassium chloride as a flux. By strong heating in a furnace, 
globules of aluminium were formed, due to the process

38. Letter of 16 May 1857 quoted in its Danish original in Topp (1990), p. 91. Tietgen 
described his involvement with Thomsen and the manufacture of cryolite and 
aluminium in Tietgen (1904), pp. 41-45.
39. Rose (1855), p. 161. Without mentioning Ørsted, Rose ascribed the discovery of 

Na3AlF6 + 3 Na -> 6 NaF + Al

Rose was very optimistic with regard to the use of cryolite. “I am of 
the opinion,” he wrote, “that cryolite is the best adapted of all com
pounds of aluminium for the preparation of this metal. It deserves 
the preference over aluminium-sodium chloride or aluminium chlo
ride, and it might still be employed with great advantage even if its 
price were to increase considerably.”39 Four years later, at a meeting 

74



SCI.DAN.M. 2 THOMSEN’S WHITE GOLD

of the British Society of Arts, the secretary of the Society repeated 
Rose’s optimistic judgment: “I am led to believe that the cryolite 
process is the one that will ultimately be preferred to that of the 
chloride of aluminium.”40

aluminium to Wöhler. Although he did not refer to Thomsen, there are reasons to 
believe that Rose’s process was indebted to his conversations with Thomsen. See 
Kragh (1995).
40. Foster (1859).
41. Thomsen (1862b), p. 443.
42. Wöhler (1856); Dick (1855). Wöhler, who obtained his cryolite from Forchhammer 
in Copenhagen, used cryolite mixed with sodium and potassium chloride. See the 
description in Richards (1887), p. 289.
43. On Gerhard and his works, see Foster (1859) and Williams (1993).

In his article of 1855, Rose mentioned that “powdered cryolite is 
completely decomposed by quicklime and water,” which was an in
direct reference to Thomsen’s process and a main reason why this 
process became widely known despite Thomsen’s decision not to 
publish on it. As it happened, Rose was often mentioned as the one 
who had discovered the decomposition of cryolite by lime. Thom
sen of course new better, and in 1862 he protested: “I am the inven
tor of the entire cryolite industry; the process of obtaining soda 
from cryolite is fully and in detail my invention.”41 He did not refer 
to either Rose or other chemists.

There was at the time a great deal of interest in cryolite-based 
aluminium production, which was investigated not only by Rose 
but also by Wöhler in Germany and Allan Dick in England.42 The 
latter, a metallurgist at the Government School of Mining in Lon
don, packed layers of cryolite and sodium in a platinum crucible, 
which he heated to redness over an air-blowpipe. At a meeting of 
the Royal Institution in March 1855 he demonstrated small pieces 
of aluminium prepared in this way. Attempts to apply the new meth
ods on an industrial scale took place immediately after the works of 
Deville and Rose became known. In 1859 E W. Gerhard opened the 
first manufactory in Britain, using powdered cryolite mixed with 
common salt to which was added pieces of sodium.43 However, his 
plant in Battersea was short-lived and it was only in France that 
larger amounts of aluminium were produced in this early era.
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Between 1855 and 1857 factories were established in Amfreville 
near Rouen and in Nanterre, both of them originally managed by 
Paul Morin, a mining engineer and friend of Deville. In the Nan
terre works an improved version of Deville’s method was used and 
cryolite only added as a flux; the Rouen plant, on the other hand, 
was based on the Rose-Dick cryolite method. In 1859, the Rouen 
works produced about 960 kg of aluminium and the Nanterre 
works about 600 kg, but there were constant difficulties with find
ing a market for the still very expensive metal. The fact that both of 
the existing aluminium works used cryolite, if in two widely differ
ent ways, made it natural for Tietgen and his business partners in
volved in the cryolite trade to focus on this market. Although only 
small amounts of cryolite were used at the Nanterre works, at one 
stage Deville considered using the mineral as a raw material. To
gether with Morin, he experimented with cryolite, both by means 
of the Rose-Dick method and by means of electrolytic decomposi
tion.44

44. Deville (1856). Methods of electrolytic decomposition based on cryolite mixed 
with sodium chloride were developed by chemists as late as the 1880s, but the yield 
of aluminium was very low.
45. Both letters are quoted in Garboe (1966). Deville had wanted 200 kg cryolite, but 
Forchhammer was only able to send him about a tenth of the amount. It is unknown 
if Thomsen met with Deville or other French scientists during his stay in Paris.

Baruch Levy, a young Danish-Jewish chemist and pharmacist, 
stayed in Paris when Deville made his first experiments with alu
minium. In April 1854 he sent a small sample of Deville’s metal to 
Forchhammer, his former teacher, mentioning that it had been 
“manufactured by means of the galvanic current and thus in a way 
which is entirely different from the one applied by Wöhler.” Levy 
acted as an intermediary between Forchhammer and Deville in the 
latter’s attempt to obtain enough cryolite for a test production of 
aluminium. In another letter to Forchhammer, from the autumn of 
1855, Levy wrote: “I had the pleasure of meeting Thomsen during 
his stay in Paris and he promised me that, after he had returned, he 
would hopefully be able to comply with my wish; he expected very 
soon a new shipment from Greenland.”45 Levy’s meeting with 
Thomsen probably took place in 1854.
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Aluminium production based on cryolite as raw material never 
developed into a mature industry. Not only was the demand for the 
new metal very limited, production also depended on the availabil
ity of large amounts of the Greenlandic mineral at a competitive 
price. In 1856 a French corvette visited Ivittuut with the purpose, 
among other things, of evaluating the size of the cryolite deposit 
and the possibilities of turning cryolite into the basis of commercial 
aluminium production. The report of the involved French scientists 
concluded that cryolite would remain a costly mineral unsuited for 
industry at a larger scale. Deville agreed and added to this a patri
otic argument: “It is fortunate that cryolite is not indispensable, for 
no one would wish to establish an industry based on the employ
ment of a material which is of uncertain supply. ... The Société de 
Nanterre has judged that there is no advantage in establishing a 
manufacture of aluminium and soda based on cryolite.”46

46. Deville (1859), p. 110.
47. A. Thomsen (1879), p. 490.

Tietgen had sold 10 tons of cryolite to the Rouen works in late 
1855, but attempts to sell larger quantities failed. In 1857, the works 
at Nanterre ordered 5 tons, but this was all the cryolite that was sold 
for the manufacture of aluminium. Although suggestions of using 
cryolite for this purpose continued up to the 1890s, by the end of 
the 1850s it had become clear to most chemists and industrialists 
that an aluminium industry based on cryolite would not become a 
reality. The works at Amfreville, the only place where cryolite was 
used as a raw material, closed in 1864, unable to compete with the 
Deville process. Although aluminium production based on Dev
ille’s method continued, the earlier euphoria was replaced by a 
more realistic view of the metal’s limited use. “There was a time,” 
wrote August Thomsen, Julius’ brother, in a book of 1879, “when 
people thought that this new metal faced a bright future ... but the 
high price of 30 kroner for 1 pound has prevented its use as a com
mon commodity.”47

It was only with the emergence of the Héroult-Hall process in 
1886 that the fortune of the aluminium industry began to improve, 
first slowly but eventually drastically and irreversibly. In this impor- 
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tant industrial process, invented by the two 23-year-old chemists 
Paul Héroult in France and Charles Hall in the United States, cryo
lite only entered as a flux. Thomsen followed the new development 
with interest. In 1892, only four years after Hall had established the 
first aluminium plant in Pittsburgh, he offered a prophecy much 
more optimistic than his brother’s. “It is likely,” he said, “that we are 
entering an era when iron, steel and bronze in many cases will be 
replaced by another metal and its alloys; the metal is aluminium, 
which just forty years ago was such a rarity that it was not to be 
found in even the collections of chemical laboratories.”48 By that 
time the world production of aluminium was about 1,000 tons per 
year (today it is approximately 40 millions tons).

48. Thomsen (1892a), p. 34.

2.5. Expansion and decline

The soda cryolite works Øresund was granted the right to unlimited 
extraction of cryolite at its foundation in 1859. Some years later, 
after a period of economic difficulties, the trading company J. P. 
Suhr & Son entered the board of directors and bought the rights 
from Thomsen and Howitz. In 1865 the Cryolite Mining and Trad
ing Company Ltd (Kryolit, Mine- og Handelsselskabet, KMHS) 
was formed as a company independent of, but with close contacts 
to, the Øresund works. J. P. Suhr & Son was the main shareholder, 
Tietgen owned approximately 20 per cent of the shares (a total of 
500.000 rdl.), and Thomsen and Howitz were minor shareholders 
with about 2 per cent and 1.2 percent. Thomsen was appointed 
technical director of the new company and received a substantial 
bonus of 7.000 rdl. Whereas KMHS was responsible for all extrac
tion and sale of cryolite, working up of raw cryolite and preparation 
of soda and other products took place at Øresund. The long-time 
collaboration between Thomsen and the Suhr trading company, 
until 1875 in the form of Ole Bernt Suhr, proceeded to the satisfac
tion of the both parties. When the company ceased in 1899 it left a 
large bequest of 100,000 kroner to the Royal Danish Academy in 
recognition of Thomsen’s seminal contributions to the cryolite in-
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Figure 2.5. Loading of cryolite from the Ivittuut mine. https://c3.static - 
flickr.com/4/3783/9912955186_7148427cd5_c.jpg

dustry and Danish trade in general. The bequest, which was named 
“J- P. Suhr and Sons’s Grant in Memory of Professor, Dr. Med. & 
Dr. Phil. Julius Thomsen,” was to be used for the general purposes 
of the Academy at the discretion of its president - which happened 
to be Thomsen.49

49. See Lomholt (1942-1973), vol. 1, pp. 612-615. Although Thomsen was sometimes 
titled “Dr. Med. & Dr. Phil.” (doctor of medicine and doctor of philosophy), in fact 
he never wrote a doctoral dissertation. The titles were honorary (doctor honoris 
causa) and dating from 1877 and 1879, respectively.

By the early 1860s, a large-scale production of cryolite soda and 
alum earth based on Thomsen’s methods and designs was in opera
tion in Copenhagen. The Øresund factory was successful in the 
sense that it produced large amounts of soda by a new and techni
cally well-functioning process, and also in the sense that it provided 
the Danish State with a very substantial income in terms of the taxes 
put on the mined cryolite. It has been estimated that by 1910 the 
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total income was 25-30 million kroner, far more than the State had 
used for scientific research in the same half-century period.50 Ac
cording to contemporary sources, the Øresund factory was techni
cally advanced and a site bustling with industrial activity. Employ
ing about 100 workers, it was one of the largest industries in the 
country (Figure 2.5). During the early 1860s, the purchased amount 
of cryolite was about 2000 tons per year, which by the standard so- 
da-to-cryolite yield of 1.6 translates into an annual production of 
soda of roughly 3200 tons.

50. See Jessen-Hansen (1910), p. 350, who used the figure to illustrate with “a 
concrete example” the usefulness of pure science.
51. Pennsalt was founded in 1850 and still exists, if now as the Pennwalt Corporation. 
For a brief company history, emphasising the importance of the cryolite business, see 
Grossman and Jennings (2002).
52. See Topp (1990), pp. 304-310.

The production of soda in Copenhagen was only part of the cry
olite business in the 1860s, when the Thomsen process was trans
ferred also to a few other countries. In 1861, Harburger Alaun-Werk 
started production of soda and alum earth from cryolite, and dur
ing the next three years other factories based on Thomsen’s process 
were established in Ludwigshafen, Warsaw, Breslau, Prague, and 
Uithoorn (near Amsterdam). The production of the latter factory 
peaked in 1866, when the Dutch company employed 38 workers 
and produced about 800 tons of soda. Of much greater importance 
was the contract that Pennsalt (Pennsylvania Salt Manufacturing 
Company) signed with Thomsen, Howitz and the Øresund com
pany in early 1865.

Realising the value of cryolite for its consumer products, in 1865 
the General Superintendent of Pennsalt, Henry Pemberton, trav
elled to Copenhagen to negotiate the contract with the involved 
Danish parties, not least the Ministry of the Interior.51 Thomsen was 
deeply involved in the negotiations, and one gets from his involve
ment a good impression of his skills as a diplomat and a business
man.52 Over a period of ten years, the American company agreed to 
purchase an annual amount of 6,000 tons of cryolite at a fixed price 
of £3 per ton. The factory at Natrona, Pennsylvania, produced soda 
and soda-based products according to Thomsen’s method and also 
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used cryolite as a component in the production of aluminium, in
secticides, ceramics, and abrasives. From about 1870, the Americans 
sold part of their cryolite to glassware manufacturers who used it to 
make milk-white glassware marketed as “hot-cast porcelain” or, in 
Europe, “American porcelain.” During the five-year period 1865- 
1869, KMHS exported 44,700 tons of cryolite, of which 63% went to 
Pennsalt and the other 37% to the five European factories.

The total output of cryolite soda in the late 1860s is unknown, 
but must have been very substantial. The output can be estimated 
by assuming that 90% of the cryolite was used for soda and to have 
had an average purity of 90%, which leads to an average annual 
output of cryolite soda of about 14,000 tons. About 53% was pro
duced in Pennsylvania, 15% in Copenhagen, and 32% in the other 
European works. In comparison, the annual German production of 
soda in the same period was about 6,000 tons, and that of France 
about 45,000 tons, almost all of it produced by means of the Leb
lanc process.53

53. Haber (1958), pp. 41-47.
54. V. Storch would later become a prominent dairy chemist and professor at the 
Agricultural College. V. Jørgensen was Tietgen’s brother-in-law. In addition to the 
three mentioned chemists, also Peter T. H. Schiellerup, who became a pharmacist, 
and Thomas Thomsen, Julius’ younger brother, served as assistants at Øresund. All 
of Thomsen’s assistants were polytechnic candidates rather than university-trained 
chemists.

While Thomsen acted as technical director and supervisor for 
Øresund, he was assisted by a series of young chemists who under
took the daily routine work. In the period 1864-1867 the assistants 
included some of the country’s most promising chemists and engi
neers, including Vilhelm Storch, Gustav Hagemann, and Vilhelm 
Jørgensen.54 In 1869 the Øresund factory was sold on an auction to 
the two last-mentioned polytechnic chemists, 25-year-old Vilhelm 
Jørgensen and the two years older Gustav A. Hagemann. Under 
their leadership the company continued as the Øresund Chemical 
Factories (Øresunds Chemiske Fabriker).

Shortly after graduation from the Polytechnic College in 1865, 
Hagemann was sent to Pennsylvania to assist Pennsalt with its new 
production of cryolite soda, and during his stay in the United States 
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he also established chemical factories producing bromine from 
magnesium salts.55 It was the profit he earned from selling the bro
mine factories that allowed him and Jørgensen to buy the Øresund 
cryolite factory. While in Natrona, Hagemann examined some of 
the cryolite shipped from Ivittuut and found several new fluorine 
minerals related to cryolite. By chemical analysis he established ten
tatively their composition and crystal forms. What is known as chi
olite, thomsenolite and hagemannite are rare cryolite-like minerals 
first described by Hagemann.56 In modern nomenclature, the com
positions of the two first are Na3(AlF4)3, 2NaF and NaCaF3 • H2O, 
respectively, whereas hagemannite is an impure form of thomseno
lite.

55. See Vinding (1942), pp. 44-81. On Hagemann’s later career see also Nielsen and 
Wistoft (1996). Bromine was at the time used for photography (daguerreotype) and, 
in the form of potassium bromide, also had medical uses as a sedative.
56. Hagemann (1866a) and Hagemann (1866b). Naturally, the name “hagemannite” 
was not suggested by Hagemann himself. It is due to the American geologist Charles 
Sheppard, who wrote a paper on various minerals in the American Journal of Science and 
Aris of 1866.
57. A. Thomsen (1879), p. 333.

The industry based on Thomsen’s experiments and chemical in
sight was widely and not unreasonably seen as one more proof of 
the amazing industrial power of applied science. August Thomsen, 
Julius’ brother, published in 1879 a comprehensive and semi-popu
lar book on the industrial applications of science entitled 
Naturkræfterne i Menneskets Tjeneste (The Forces of Nature in the Service 
of Man). Without naming the inventor, he included a section on 
cryolite soda, a product “based on a Danish invention.” The new 
manufacture, he wrote, was “a beautiful example of the impact of 
science on industry.” As he explained:

Supported by the spirit of entrepreneurship, laboratory experiments 
on a limited scale have given rise to a relatively important industry. In 
this way a mineral that previously was only available in mineralogical 
collections has turned into a valuable product; it provides work and 
dignity to many people and secures the public finances with a signifi
cant income.57
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August’s older brother undoubtedly agreed.
In spite of the expansion of the cryolite business, the production 

of cryolite-based soda soon declined. The factory in Copenhagen 
was constantly in economic troubles and the European factories 
had difficulties in selling their products. One reason for the difficul
ties that faced the industry in the 1870s was that supplies of cryolite 
became of lower quality, hence more costly to work up, as the high
grade cryolite was used up. More important was the general de
crease in prices for soda, which followed the competition between 
the established Leblanc process and the new, highly successful 
Solvay process. In this process, developed by the Belgian chemist 
and inventor Ernest Solvay in the 1860s, soda is produced from 
common salt and ammonia, which may be schematised as

NaCl + NH3 + CO2 + H2O -4 NaHCO3 + NH4C1

2 NaHCO3 -4 Na2CO3 + CO2 + H2O

As a result of economic and other factors, cryolite was no longer 
competitive on the soda market. The European works ceased pro
duction between 1870 and 1884, and the Øresund factory was forced 
to change to other products in order to survive.58 Production of 
cryolite soda peaked with 3,010 tons in 1871 and then declined rap
idly. In 1894, soda production from cryolite ceased in Copenhagen; 
six years later, it also ceased at Pennsalt.

58. Still in the early 1880s, students at Copenhagen’s Polytechnic College were 
taught the production method of cryolite soda alongside the more important 
methods of the Leblanc and the Solvay processes. See A. Thomsen (1883), pp. 194- 
214, a textbook in technical chemistry written by Julius Thomsen’s brother, August.

Although the Danish cryolite business continued and in fact 
prospered in the early decades of the twentieth century, when 
Thomsen died in 1909 his great invention belonged to the past. Cry
olite was now increasingly used as flux in the electrolytic produc
tion of aluminium, but in the end the natural and still more low- 
grade Greenlandic mineral was replaced by other fluxes sometimes 
called “synthetic cryolites.” These are today typically manufactured

83



JULIUS THOMSEN. A LIFE IN CHEMISTRY AND BEYOND SCI.DAN.M. 2

Figure 2.6. The Greenland vessel “Julius Thomsen” at its maiden voyage in 
1927. http://7seasvessels.com/wp-content/uploads/2011/09/julius-Thom- 
sen-klubben.jpg

by hydrofluoric acid, sodium carbonate, and aluminium. In 1962, 
after more than a century’s operation, the extraction of Greenland’s 
white gold ceased for good. Thomsen’s crucial contribution to 
Greenland’s economy was not forgotten. In 1927 the KHMS built a 
new steamship, which was named “Julius Thomsen” (Figure 2.6). 
The ship played an important role in the last years of World War II, 
when it was Greenland’s only passenger ship.59

59. Cryolite plays an important role in Peter Høeg’s novel Smilla’s Sense of Snow (1992), 
which mentions the ship a couple of times. Unfortunately the English edition gives 
its name as “Johannes Thomsen” rather than “Julius Thomsen.”

Thomsen was not only interested in cryolite as a source for com
mercial products, but also in the many related minerals found in the 
Greenland deposit. As late as 1904 he investigated a red-brown fluo
rite mineral, showing the presence of helium in it (see Section 7.6). 
His mineralogical interest seems to have been stimulated by the 
professor of mineralogy at the University of Copenhagen, Niels V.
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Ussing. The same year, 1904, Ussing described a new lithium-rich 
mineral in the form of single-crystal inclusions found in cryolite 
blocks. Following a proposal by Thomsen, he named the mineral 
cryolithionite, a name derived from cryolite and ffium.60 The chem
ical formula of cryolithionite can be written Na3Li3(AlF6)2, showing 
its relation to cryolite, Na3AlF6.

60. See Pauly (1986).



CHAPTER 3

Years of the cholera

During the 1850s Thomsen was not only occupied with developing 
his new method of cryolite soda manufacture; it was also in this 
period that he founded the theory of thermochemistry with which 
his name in the history of chemistry is primarily associated. Moreo
ver, he found time to write popular books and articles on science, 
with some of them aimed at the popular and educational sector. At 
the time a recent graduate from the Polytechnic College he took an 
interest in the teaching of the College and how to disseminate sci
ence to the broader public. This part of Thomsen’s life and work, 
which was largely limited to his younger days, is not well known but 
adds a dimension to the traditional picture of his personality and 
scientific work. Importantly, it was in a semi-popular context that 
he first encountered the idea of force or energy conservation and 
what in the 1860s became known as the two laws of thermodynam
ics. While the first law became the foundation of his thermochemi
cal system, the second law remained foreign to it until the advent of 
chemical thermodynamics in the 1880s.

Thomsen had at the time close relations to the slightly older 
Danish physicist and engineer August Colding, whose views con
cerning the forces of nature may have inspired him. Quite inde
pendent of their shared interest in the natural philosophy of forces, 
in 1853 Colding and Thomsen collaborated in an innovative study 
of the causes of the cholera which that year haunted Copenhagen 
and other parts of Denmark. In this case Thomsen applied his 
chemical skills in the service of sanitary medicine, the first and only 
time he did so. The Thomsen-Colding work has been largely for
gotten but deserves a place in the history of epidemic diseases as 
well as in the history of science more generally. While Thomsen 
would soon specialise in the particular research field of thermo
chemistry, in the 1850s he was a generalist with broad scientific and 
literary interests. We shall return to some of these interests in later 
chapters.
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3.1. Science education

In his letter to Hansteen of 13 February 1851 cited in Section 1.4, 
Ørsted mentioned that young Thomsen had written “a small popu
lar chemistry which does him much honour.” The book he referred 
to was KortfattetLærebogi den Uorganiske Chemie (Brief Textbook in Inor
ganic Chemistry), which was prefaced December 1849 and thus the 
very first of his numerous publications.1 In fact, Thomsen did not 
consider his book a popular introduction to chemistry but an ac
count of the essence of chemistry aimed at serious students. Al
though written as a textbook it is unclear if it was actually used at 
the University, the Polytechnic College, the gymnasium schools, or 
some other of the country’s institutions for higher education. The 
exposition differed from that of most other elementary textbooks 
by placing much emphasis on theoretical rules and concepts, and 
less on the purely descriptive parts of chemistry. As the 22-year-old 
author proudly stated in the preface, he had chosen to focus on “the 
general qualitative and quantitative properties of the elements,” or 
“the true meaning of theoretical chemistry ... as a science.” This was 
an unusual focus for an elementary chemistry textbook.

i. Thomsen (1850a). In 1849 Thomsen wrote a critical review in Berlingske Tidende of 
Erik G. Silfverberg’s Lærebogi Chemien (Textbook in Chemistry). Silfverberg, who had 
studied at the Polytechnic College, but without graduating as a candidate, worked as 
a school teacher in mathematics, physics, chemistry and geography.

Thomsen accordingly started with a discussion of the force of 
affinity which supposedly kept the chemical elements together in 
composite bodies, the chemical compounds. This was a subject that 
would eventually form the nucleus of his thermochemical research 
programme, but at the time he did not suggest a definite measure of 
affinity. He preferred “quite abstractly” to characterise an element 
in a binary compound such as NaCl, A12O3 or NH3 by its relative 
degree of either a “positive” or “negative” property. Oxygen was the 
most negative of the elements and the others of the common ele
ments followed a series ending with the strongly positive potassi
um:
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O - Cl - S - H - N - P - C - Si - Au - Bi - Fe - Al - Mg - Ba - K

Contrary to Berzelius and his followers, Thomsen did not associate 
the property with the electrical forces of the elements. Affinity was 
simply considered a measure of how willingly two elements united 
or the ease at which a binary compound could be decomposed. It 
was not determined only by the elements themselves, for the affinity 
would also depend on external factors such as heat and electricity. 
A compound, he said, would usually decompose if acted upon by a 
substance with a stronger affinity to one of the compound’s con
stituents. As an example he mentioned that if lead sulphide is melt
ed together with iron, metallic lead will be produced according to

PbS + Fe —> FeS + Pb

Consequently, sulphur’s affinity to iron is greater than its affinity to 
lead. At the end of his book Thomsen, adopting an empiricist atti
tude, warned against speculations concerning the force that mani
fested itself in the form of affinity: “We do not know the true nature 
of the forces,” he wrote, “but only recognise their presence through 
their effects and from these we infer what they are.” And yet Thom
sen was convinced that affinity was not a new force peculiar to the 
chemical kingdom:

We have good reasons to assume that the chemical forces are not new 
and unknown, but that they are previously observed actions which in 
this case appear in a different form. If we recall that other parts of the 
sciences have demonstrated a close association between the forces we 
call heat, light, electricity and magnetism, and when we reckon that 
nearly eveiy chemical union or decomposition is followed by heat, 
light and electricity - when we consider that these forces are able to 
promote some chemical unions and also to decompose some com
pounds ... then we have a well-founded reason to assume that the 
chemical properties of the substances are effects of these general forc
es of nature.2

2. Thomsen (1850a), pp. 90-91.
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This may be seen as reflecting Ørsted’s pet idea of a unity between 
the forces of nature, but nowhere in the book did Thomsen mention 
Ørsted by name or, for that matter, the names of other scientists. 
Again, in his section on metals he described Ørsted’s method of 
isolating aluminium on the basis of potassium and aluminium chlo
ride, but without revealing to his readers when the method was dis
covered or by whom. BriefTextbook was factual and completely ahis- 
torical.

In regard of Thomsen’s later work it is of interest to notice that 
he presented the empirical laws of chemistry purely as stoichiomet
ric rules, that is, as weight relations between elements and their 
compounds. It was in this stoichiometric sense, and only this, he 
introduced an atomistic terminology: “The weight relations accord
ing to which substances unite can be expressed in numbers, which 
are called atom-numbers; by an atom of a substance we understand 
the weight given by its atom-number.”3 For example, on the scale O 
= 100, commonly used at the time, he assigned to iron the atom
number 350 corresponding to 56 on the H = 1 scale; similarly, for 
chlorine he stated the value 221.6 or 35.5. It is not quite clear why 
Thomsen spoke of atom-numbers rather than using the term atomic 
weights, which for long had been generally adopted. He further 
spoke of atoms of compounds and not only of elements. When he 
wrote that one atom of Fe2O3 consisted of two atoms of Fe and three 
atoms of O, he simply referred to the corresponding amounts of 
weights: “The atom of a compound is the weight expressed by its 
formula; FeO means a weight of 450, Fe2O3 on the other hand of 
1000, and these numbers are consequently the atom-numbers of the 
compounds.” Moreover, by expressing the density d and atom
number a in terms of oxygen as unity (d0=ag = 1), he found that

3. Thomsen (1850a), p. 6. Thomsen’s used the word “atomic number” (atomtai), but 
in order not to confuse it with the much later concept used today, designating the 
number of positive charges in the atomic nucleus, I find “atom-number” to be more 
appropriate.

a
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where x is a small integer. The ratio a/d he referred to as the atomic 
volume or “the space occupied by an atom,” a phrase which indi
cates that he may after all have conceived atoms to be real entities 
and not merely a calculational device.

What matters is that Thomsen did not refer to atoms as elemen
tary and undivisible material particles in the sense of John Dalton. 
Although he knew of Daltonian atomism, apparently he preferred 
to follow Ørsted, Zeise and Forchhammer (and many chemists 
abroad) in their non-materialistic interpretations of the stoichio
metric laws. Ever since reading as a young man Kant’s Metaphysische 
Anfangsgründe der Naturwissenshaft, Ørsted had adopted the Kantian 
metaphysics of nature in which there was no room for atoms ä la 
Dalton. Yet, slowly admitting the force of Dalton’s theory, at about 
1830 Ørsted sought to formulate a compromise between atomism 
and his favoured dynamism, suggesting that the atomic weights - or 
“chemical numbers” as he preferred to call them - expressed the 
intensity of localised chemical forces. He argued that Daltonian at
omism was “metaphysical” and that the only acceptable form of at
omism was one based directly on the phenomena of nature.4

4. On Ørsted’s hostility to the atomic hypothesis, see Kragh et al. (2008), pp. 191- 
196. A full account of the complex story of atomism in eighteenth-century chemistry 
is given in Rocke (1984).
5. Forchammer (1842), p. 63. Forchammer’s plan was to write two more volumes of 
the textbook, one on chemical mineralogy and the other on technical chemistry, but 
the two volumes never appeared.

Some of the concepts and phrases used by Thomsen in his text
book were reminiscent of Ørsted’s, which possibly indicates an in
fluence from his teacher and mentor. By the mid-nineteenth century 
scepticism with regard to Dalton’s atoms was still widespread 
among chemists, and Thomsen’s position in no way heterodox. 
There is little doubt that he received direct inspiration from Forch
hammer, who in his widely used 1842 textbook in chemistry con
ceived atoms as weight ratios and referred to “chemical numbers” 
or “atom-numbers” as synonyms for atomic weights; his favoured 
word for atoms was “elemental parts” (grunddele).5 Although he 
mentioned Dalton several times, it was only in connection with the 
gas laws and without referring to his atomic theory. Like Thomsen 
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did in 1850, Forchhammer referred to Avogadro’s law, again with
out interpreting it in terms of atoms or molecules. Forchhammer 
also discussed the concept of affinity, but only briefly. “Two or more 
substances have a tendency to attract one another and enter into a 
chemical compound,” he wrote. “We call this tendency affinity, many 
circumstances influence and modify the affinity, and heat is particu
larly important.” Apart from stating that “the entire action [in a 
chemical process] is determined by the electrical forces,” he did not 
comment on the nature of affinity.

With regard to atomism it is of interest to note that Forchammer 
discussed William Prout’s hypothesis that the chemical elements 
might be composite bodies with hydrogen as their common denom
inator. In fact, he was quite sympathetic to the idea that “hydrogen 
should be a Communis divisor for all the other elements.”6 Forchham
mer was aware that the “chemical numbers” of some elements devi
ated from Prout’s hypothesis but thought that the deviations might 
be due to inaccurate atomic weight determinations.

6. Forchhammer (1842), pp. 451-452, who did not mention Prout by name. Although 
Forchhammer became known primarily as a geologist, he also worked extensively in 
chemistry and was an important figure in the Danish chemical community. See 
Nielsen (1994).
7. Sebelien (1884a), who referred to “atom-number” or “equivalent number” as a 
definite amount of weight units. Thomsen’s later work on Prout’s hypothesis is 
described in Section 7.3. In Jørgensen (1860) the 23-year-old chemistry student 
Sophus Mads Jørgensen discussed Prout’s hypothesis but without subscribing to it.

This was a subject that Thomsen would later take up and devel
op in great details, but it did not appear in his book of 1850. The 
problem of the reality of the atoms continued to occupy chemists 
up to the end of the century. As late as 1884 the Danish chemist 
John Sebelien advocated that the term “atom” should be restricted 
to its stoichiometric sense, as Thomsen had done in his textbook.7 
Among the chemical rules highlighted by Thomsen was the well- 
known Dulong-Petit rule going back to Pierre-Louis Dulong and 
Alexis-Thérése Petit in 1819. This rule or empirical law states that 
the specific heat capacity c of most solid substances varies approxi
mately inversely with their atomic weights:
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c X A = 6 cal degree 1

8. Thomsen (1853a), p. 1, preface dated December 1852.

Without mentioning the two French scientists or the history and 
previous use of the rule, Thomsen defined the “atomic heat” as “the 
product of the specific heat capacity and the atom-number, mean
ing the amount of heat an atom contains.” As he pointed out, the 
rule was not only valid for the elements, with atomic heats varying 
in the range between 37.6 and 42.8, but also for compounds of sim
ilar constitution. As an example he referred to the sulphates of Ba, 
Sr and Ca for which he stated the atomic heats to be 164.0, 163.6 
and 167.0, respectively. Thomsen made no attempt to explain the 
various rules he discussed, but merely presented them as empirical 
generalisations.

While BriefTextbook was the most interesting of Thomsen’s early 
contributions to chemical education, it was not the only one. In 
1853 he published a book on preparative chemistry and the same 
year an elementary exposition of chemistry aimed at a general read
ership and schoolteachers in particular. In the first book, a manual 
of practical laboratory chemistry, he described the most important 
chemical operations and the laboratory equipment needed for 
them, and it also contained recipes for preparing a wide range of 
simple inorganic chemicals (Figure 3.1). He chose not to include 
organic chemistry. Although the book contained no theory at all, 
Thomsen was convinced that experimental chemistry without a 
theoretical foundation would make sense only for those who regret
tably were satisfied with chemistry as a mere craft. This was not the 
audience for whom the book was written. “Only students with 
knowledge of theoretical chemistry can advantageously participate 
in chemical exercises,” he wrote.8 For this purpose he recommended 
his textbook of 1850 as a necessary supplement.

Chemistry was not a separate subject in Danish public schools in 
the 1850s, when science of any kind was given very low priority. 
When Thomsen was approached by schoolteachers suggesting him 
to write an elementary textbook, he decided that a general introduc
tion to chemistry and its many applications would be more appro-
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Figure 3.1. A page from Thomsen’s 1853 textbook on preparative chemis
try illustrating alcoholic distillation (Thomsen 1853a).
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priate. The result was Et Forsøgpaa en Almeenfattelig Fremstilling af Che- 
miens Vigtigste Resultater (An Attempt at a Popular Exposition of the 
Main Results of Chemistry), a comprehensive, pedagogical and 
highly informative introduction to the many facets of the chemical 
landscape.9 Although the main part of the book described technical 
chemistry and its uses in industry and agriculture, its higher aim 
was to enlighten the reader about chemistry as a science (Figure 
3.2). Like in his textbook of 1850, Thomsen disregarded the histori
cal development and mentioned no names of either chemists or in
dustrialists. His sections on plant, animal and nutritional chemistry 
were particularly detailed, not unlike Liebig’s treatment in his pop
ular and widely read Chemical Letters which had been translated into 
Danish a few years earlier.10 Concerning the chemistry of plants, 
also known as phytochemistry, he wrote: “Man is unable to form 
from the chemical elements a single vegetable substance, be it sug
ar, yeast, oil, resin or some other organic substance.” This was not 
quite right, as a total synthesis of acetic acid had been achieved by 
Hermann Kolbe in 1844. In the 1890s another German chemist, 
Emil Fischer, succeeded in synthesising sugar in the forms of glu
cose and fructose.

g. Thomsen (1853b). A second edition was published 1854.
io. Liebig (1846). On Danish agricultural chemistry in the period, see Nielsen 
(2002).

Popular Exposition demonstrated, as did his Excursions three years 
later (Section 3.3), that Thomsen was a gifted popular writer and in 
his younger days had a genuine interest in the genre. While the 
book was primarily a wide-ranging account of chemistry as a pro
ductive force and a key to understanding nature, Thomsen also 
found space to include the interrelationship between the forces of 
nature as revealed by the new principle of energy conservation:

All known forces of nature are interconnected in the sense that one 
force can change into another. A piece of burning coal produces heat 
and light; when used in a steam engine it results in motion, a me
chanical force. And in the form of friction between two bodies mo
tion can be used to generate heat and electricity; or, if the heat formed 
by combustion radiates on soldered metals electricity will be pro-
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Figure 3.2. Thomsen’s popular book on chemistry (Thomsen 1853b).
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duced which can again generate magnetism and chemical actions. 
Thus all the forces of nature stand in such an intimate relationship 
that one cannot help assuming that they all emerge from a common 
source.11

11. Thomsen (1853b), p. 56.
12. Thomsen (1850b).
13. On chemistry education in the Danish gymnasium schools, see Riis Larsen (1991) 
and Riis Larsen (1998).

Thomsen was at the time a lecturer on agricultural chemistry at the 
Polytechnic College, which explains his interest and competence in 
the field. It also accounts for a booklet he published on his own ac
count on plants and their circulations in nature, a much extended 
version of a lecture he gave to the Gardeners’ Association in 1850.12 
In one of the chapters he outlined how first plants and later animals 
had emerged on the ancient Earth as a result of natural processes. 
Much of the content in this publication was of a chemical nature 
and it reappeared with little change in his later Popular Exposition. 
Similarly, in 1854 he published a work on the use of science in agri
culture which was based on a talk he gave at a meeting of the Dan
ish Farmers’ Association.

Thomsen’s books and booklets from the early 1850s were his 
only contributions to the teaching of elementary chemistry. They 
were not widely used, if at all, in the “learned schools” or high 
schools (gymnasia) which prepared students for a university educa
tion.13 Realising the need for strengthening the scientific subjects 
compared to humanistic studies and classical languages, in 1871 an 
educational reform was introduced in the Danish school system. 
According to this reform, chemistry would be an obligatory part of 
the gymnasium curriculum, if only in modest doses and in combi
nation with physics. As a result of this and other reforms, several 
textbooks in elementary chemistry were published, either by school
teachers or academic chemists. The most widely used were Hanni
bal Jespersen’s Kortfattet Lærebog i Uorganisk Kemi (Brief Textbook in 
Inorganic Chemistry) from 1874 and S. M. Jørgensen’s Kemiens Beg
yndelsesgrunde (Introductory Chemistry) from 1876. By then Thom
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sen was absorbed in his extensive research on thermochemistry and 
he may not have found it worthwhile to write yet another textbook 
for the gymnasium schools.

An employee at the Polytechnic College, Thomsen took a keen 
interest in the organisational and educational aspects of his school. 
At the time of Ørsted’s death there was much discussion concerning 
the aim of the school and the needs to reform it.14 First and fore
most, should the candidates receive a higher scientific education or 
rather a more practical one corresponding to the needs of public 
services and Danish business interests? Ina report of 1855 Thomsen 
entered the debate, emphasising that the existing conditions for 
education and research were highly inadequate. “Most likely, there 
is not a single lecture hall for chemistry abroad which is as poor as 
the one belonging to the Polytechnic College,” he lamented. “Of 
the twenty or so of these auditoria I have seen in Germany and 
France, none comes close.”15 Moreover, young Thomsen pointed 
out that the hygienic conditions were most unsatisfactory, even 
tending to be harmful to the students’ health. “When the auditori
um is used for chemical lectures the audience is affected in a bad 
way; for all the vapours, which inevitably are produced by the many 
lecture demonstrations, are mixed with the air in the room and 
cause problems for the audience.”

14. See Harnow (1998) and Wagner (1999).
15. Thomsen (1855b), pp. 10-12 and Harnow (1998), p. 68. Thomsen’s report was 
widely known and reviewed in influential newspapers such as Berlingske Tidende, 
Dagbladet, and Fadrelandet. SeeErslew (1868).

Ona more constructive note Thomsen proposed that the stu
dents’ exercises in physics should consist of real experiments and 
not only paper-and-pencil exercises. He listed a variety of physical 
instruments and experiments with which the students ought to be 
familiar by means of their own experience and not only that of their 
lecturer. It was a sensible and progressive proposal but ahead of its 
time. Only in the 1880s did Thomsen’s ideas become a reality at the 
Polytechnic College when they were implanted by the physics pro
fessor Christian Christiansen.

Perhaps surprisingly, Thomsen advocated a reorientation of the 
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College from Ørsted’s university-like institution to an engineering 
school responding to the needs of Danish society. He deplored that 
the Polytechnic College had “more the character of a scientific acad
emy than a technical school,” and that the students “learn too much 
and too little - too much theory and too little application.” As far as 
lectures in pure science were concerned, Thomsen held that they 
belonged to the University, whereas the aim of the Polytechnic Col
lege should be “to give the students a particular technical education 
in agreement with their future employments.”16 It is unknown which 
effects Thomsen’s proposal had, if any, but several years later a ma
jor reform turned the College into a school of civil engineers. As we 
shall see in Chapter 7, Thomsen would come to play a most impor
tant part in the further history of Ørsted’s old institution.

16. Thomsen (1855b), p. 20.
17. Harnow (1998), p. 59 and p. 100. See also Section 8.1.
18. Thorpe (1910), p. 162. Schelar (1966), p. 107, repeats Thorpe’s statement.

Thomsen’s memoir of 1855 was known to the students and grad
uates from the Polytechnic College, which had established a Poly
technic Association (Polyteknisk Forening), a union of students, 
younger candidates, and a few senior engineers. In 1856 Thomsen 
became a member of a committee under the Association which 
sought to reform the institution. He was for a period an active mem
ber of the Polytechnic Association and served as its president 1852- 
1853.17

3.2. August Colding and energy conservation

In his 1910 Thomsen Memorial Lecture the esteemed British chem
ist Edward Thorpe wrote that Thomsen, in his search for a thermo
chemical theory based on mechanical principles, was “doubtless 
under the influence of Ludwig Augustus Colding, an engineer in 
the service of the Municipality of Copenhagen, and a pioneer, like 
Mayer, in the development of that theory [of force or energy 
conservation.].”18 While it is reasonable to assume that part of the 
inspiration for Thomsen’s system came from the nine years older 
Colding, there is no direct evidence for it and I would consequently
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Figure 3.3.
Ludvig August
Colding. Wikimedia 
Commons.

prefer to speak of “most likely” rather than “doubtless.” In any case, 
Thomsen and Colding had close relations over a long period of 
time, and the history of the latter belongs to some extent to the his
tory of the former.

Ludvig August Colding (who rarely used his first name) was 
born in 1815 in Holbæk, Zealand, the son of a farmer and former 
ship’s captain.19 The father happened to be acquainted with H. C. 
Ørsted and it was on Ørsted’s recommendation that young August 
in 1836 became an apprentice to Anders Christian Olsen, a well- 
known instrument-maker and craftsman in Copenhagen. Ørsted, 
who recognised August Colding’s talents as a mechanic and poten
tial scientist, advised the young man to study for the entrance ex
amination that was necessary to become a student at the Polytech- 

19. English-language scholarly literature on Colding includes Dahl (1972) and 
Caneva (1997). Marstrand (1929) provides valuable details about Colding’s life and 
career. Several of Colding’s publications are translated into English in Dahl’s book.
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nie College. In 1837 Colding enrolled at the Polytechnic, where he 
received a solid training in mathematics, physics and engineering, 
and four years later he graduated as a candidate in the mechanics 
class. During the winter 1841-1842 he gave popular lectures on ap
plied science in Nakskov under the auspices of another of Ørsted’s 
inventions, the Society for the Dissemination of Science. Colding 
also assisted his teacher and mentor in some of the experiments that 
Ørsted made on the compressibility of water. After a period as pri
vate tutor, he became involved in the plans of providing Copenha
gen with a modern system of water, gas and sanitary needs. In 1851 
he was appointed acting engineer in charge of the ambitious pro
ject, to end up six years later as Copenhagen’s first City Engineer 
(Stadsingeniør).

Colding owes his place in the international history of science to 
the work he did in the 1840s on what became the principle of energy 
conservation, or the first law of thermodynamics, and which makes 
him one of several co-founders of this most fundamental principle 
or law of nature.20 Even before his graduation in 1841 he speculated 
that the various forces of nature were somehow interrelated and the 
totality of forces preserved. By Colding’s own account, his original 
ideas on the subject were of a metaphysical and religious nature, as 
he believed that the forces of nature expressed God’s essence and 
consequently could neither be created nor annihilated.21 The reli
gious element in the new concept of energy was particularly strong 
in Colding, but not exclusive to him. Other contributors to the con
cept, including Mayer, Joule, and the amateur scientist William 

20. The literature on the discovery of the law of energy conservation is extensive. See, 
for example, Elkana (1974). Although Colding is sometimes mentioned as a co
discoverer, credit forthe discovery is normally ascribed to J. R. Mayer and J. P. Joule, 
and to H. Helmholtz for a full understanding of the law. As convincingly argued by 
Caneva (1997), Colding’s concept of “force” did not quite correspond to the modern 
concept of energy as established by Helmholtz and other physicists at about 1850. 
See also Christensen (2013), pp. 552-559.
21. It is quite wrong when Donald Cardwell, a leading historian of technology, wrote 
that “the Danish engineer L. A. Colding had been led to the dynamical theory of 
heat through his considerations of the working of steam-engines.” Cardwell (1989), 
p. 229. It was God who served as Colding’s inspiration, and not the steam engine.
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Grove, stressed that energy conservation was a useful weapon 
against atheism and a sure sign of a divinely created universe. It is 
one of history’s many ironies that later in the century the law of en
ergy conservation was embraced by materialists and atheists.

In 1856 Colding was elected a member of the Royal Danish 
Academy, and on this occasion he gave a lecture summarising his 
ideas on force conservation. “My first thoughts,” he said, were in
debted to “the view that the forces of nature must be related to the 
spiritual in nature, to the eternal reason as well as to the human 
soul; thus it was the religious philosophy of life that led me to the 
concept of the imperishability of forces.”22 Colding further ex
pressed his indebtedness to “the immortal H. C. Ørsted [who] first 
taught me to recognise and treasure, that even the forces of nature 
must be real, imperishable entities.” He ended his lecture by formu
lating his credo in a manner that most likely reflected the influence 
of Ørsted: “We must never forget the law of nature which states that 
only that which is in accord with the soul in nature can persevere, 
while everything which offers resistance is perishable and must 
sooner or later be destroyed.”

22. Colding (1856). I cite from the English translation in Dahl (1972), pp. 105-128.
23. Colding (1856) admitted his debt to lectures given by Eschricht: “It was really at 
these lectures that I decided to present my favourite idea on the relationship between 
the forces of nature and the spiritual life.” Dahl (1972), p. 120.

According to Colding, the law of force conservation included 
not only natural forces such as heat, chemical processes, electricity, 
and mechanical work, but intellectual activity as well. His early 
speculations concerning a link between the physical forces of na
ture and mankind’s intellectual life were in part inspired by Ørsted, 
and probably also by the writings of Daniel F. Eschricht, a promi
nent Danish professor of physiology. In a book of 1850 Eschricht 
had suggested the permanence of things intellectual and spiritual, 
at the expense of the transience of things bodily.23

However, religious and philosophical speculations do not quali
fy as science and nor did they at the time. In the early 1840s Ørsted 
advised Colding to conduct experiments on the heat produced by 
frictional motion, and it was on the basis of such experiments that 
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Colding, in 1843, established that heat and mechanical work were 
proportional. At the time he was unaware of the slightly earlier 
works of Julius Robert Mayer in Germany and James Prescott Joule 
in England. Improved and more elaborate experiments led him to 
conclude that “1 pound of water heated 1 degree Celsius can be 
expressed by 1185 pounds raised 1 foot,” which in modern units 
corresponds to 3.7 joule as the mechanical equivalent of one calorie, 
which is 13 per cent short of the modern value. This is what Colding 
reported to the 1847 meeting of the Scandinavian Association of 
Natural Scientists held in Copenhagen. His detailed report was 
only published in 1850 and it took until 1871 before it appeared in 
an English translation in the Philosophical Magazine. For some twenty 
years and with one noteworthy exception Colding’s work remained 
unknown outside the Scandinavian countries.24

24. The exception was none other than Helmholtz, who in an influential address of 
1854 stated that “a Dane named Colding” had found the same law as Mayer. The 
address appeared in English translation in Philosophical Magazine 11 (1856): 489-518 
and is reprinted in Helmholtz (1995), pp. 18-45. See also Section 3.3.
25. Thomsen (1855a), p. 236. More about this essay follows in Section 3.3.

Nor did his work create much interest in Denmark, where only 
few scientists commented on it or supported Colding’s claim that 
he (rather than Mayer) was the true originator of the principle of 
energy conservation. One of the few was Julius Thomsen, who in a 
paper of 1855 dealt with the question. According to Thomsen, the 
law of energy conservation owed its existence to four scientists who, 
largely independently, had reached the insight each in their own 
way: “J. R. Mayer in Heilbronn, A. Colding in Copenhagen, and 
Joule in England started their investigations on this subject at about 
the same time; and a few years later, again apparently independent
ly of the others, it was treated by Helmholtz in Königsberg.”25 Al
though Thomsen thus gave credit to Colding for his work, he did 
not highlight his contribution. Many years later, in a speech given 
in 1890, Thomsen paid tribute to his former and by then deceased 
collaborator by placing him before Mayer: “The basic features of 
the theory of the constancy of the amount of work were developed 
in the years 1842-43 by one of the candidates of the Polytechnic Col- 
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lege, the late professor Colding, and about the same time by Dr. 
Mayer in Heilbronn.”26

26. Speech of 1 September 1890 on the occasion of the inauguration of the new 
Polytechnic College, as reproduced in Lundbye (1929), on p. 225. Colding died in 
1888.

While Thomsen was a chemist with a strong interest in chemical 
heat as a manifestation of the more general concept of energy, Cold
ing was a physics-trained mechanical engineer. All the same, he was 
fully aware of the relevance of chemical phenomena for the law of 
energy conversation. As early as 1847, in his oral contribution to the 
meeting of Scandinavian scientists, he referred to galvanic process
es and thermochemical measurements in support of his theory, 
much like Helmholtz did in greater detail in his seminal treatise of 
the same year. Colding’s presentation of 1847 was published in the 
proceedings of the Scandinavian Society three years later. In the 
early 1850s Thomsen developed his new system of thermochemis
try, and at the same time he and Colding collaborated in their anal
ysis of the probable causes for the Copenhagen cholera epidemic to 
be considered below. I suspect that Thomsen’s influence was in part 
responsible for an interesting but previously unnoticed section on 
“the chemical powers and those results which have emerged from 
chemical physics” that Colding included in his 1856 address to the 
Royal Academy of Sciences.

Concerning thermochemistry and the forces of affinity, Colding 
pointed out that “many excellent men have laboured, and still la
bour, to precisely determine the evolution and absorption of heat 
which occurs during various chemical combinations and separa
tions.” According to the view of Colding, the most excellent of these 
men was his younger friend Thomsen:

No one has worked with greater success in this direction than our 
countryman Polytechnic Candidate Julius Thomsen, as he has not 
only determined the strength of the chemical power for many ele
ments and their combinations with a high degree of precision ... but 
in addition has laid the groundwork for the mathematical treatment 
of chemistiy. He has, purely with the aid of his mathematical compu
tations, not only demonstrated that it is a simple consequence of the 
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existing forces that the chemical combinations or separations ... must 
take place as long as the manipulations are carried out according to 
the teachings of chemistiy, but on the basis of computations he has 
even predicted several other previously unknown actions. ... He has 
also investigated the matter in the laboratory and found his conclu
sions to be fully confirmed by nature.27

27. Colding (1856), in Dahl (1972), p. 116.
28. See, for example, van Laar (1901). A proper mathematization of chemistry only 

The dream of a mathematical chemistry obviously appealed to 
Colding, who thought that with the new theory of energy conserva
tion the dream was about to become a reality. As he expressed it in 
his 1856 address:

I had not expected that within the span of a few years we would see 
chemistry placed on a mathematical foundation - to the extent that 
we even now can anticipate that it will not be long before we, with the 
aid of mathematics, will probe the smallest constituents of matter 
with the same clarity and confidence which enabled us to peer out 
and survey the conditions existing in the boundless universe. Soon 
the time will come when the chemist, by way of mathematical formu
lae and computations, will be able to predict in advance the results of 
experiments in the laboratory; yes, I believe it is not an overstatement 
to say that we have no idea to what height science will reach in this 
direction, and all this is based on the law of nature which states that 
the forces of nature are imperishable.

The optimistic hope expressed so eloquently by Colding was to 
some extent shared by Thomsen, whose reform of thermochemistry 
rested on mathematical calculations based on the principle of ener
gy conservation (see further in Section 4.2). Similar beliefs contin
ued to occupy the minds of some later researchers within the tradi
tion of physical chemistry, but then it was the more general theory 
of thermodynamics and not only its first law that was thought to 
provide an axiomatic basis for the mathematical chemistry of the 
future.28
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Colding and Thomsen were both influenced by Ørsted, if in dif
ferent ways and to different extents. Ørsted’s impact on Colding 
was generally much stronger than on Thomsen, and although Cold
ing shared much of his mentor’s metaphysics he dismissed Ørsted’s 
dynamic perception of matter and heat. Like Thomsen, Colding 
supported the new kinetic theory of heat based on the motion of 
material atoms and molecules. In unpublished notes he even specu
lated that atoms might be internally structured entities, an idea that 
Thomsen would entertain later in his career in connection with the 
periodic system of the elements.29 In spite of some similarities be
tween the scientific outlooks of Colding and Thomsen - compared 
to Ørsted they were both “moderns” - there were also marked dis
similarities. First and foremost, the religious-spiritual dimension 
that was so strong in Colding’s thinking was completely absent in 
Thomsen’s.

became a reality with the emergence in the 1970s of so-called computational 
chemistry based on computer simulations and methods of quantum chemistry.
29. In an unpublished note of 1854, Colding suggested that an atom was composed 
like “an infinitesimally small planetary system.” See Dahl (1972), p. 177. For 
Thomsen’s later speculations on the complexity of atoms, see Chapter 7.

3.3. The forces of nature

During the busy decade of the 1850s Thomsen was not only occu
pied with establishing the new cryolite soda industry and develop
ing his system of thermochemistry; he also found time to write 
broad expositions of science aimed at the general reader. Contrary 
to many contemporary Danish scientists Thomsen was not a “popu
lariser,” but in his younger days he recognised the need to contrib
ute to the growing literature on popular science and in this way to 
make his name better known. For example, between 1856 and 1866 
he wrote a couple of small pieces for the Folkekalenderfor Danmark 
(The Danish People’s Calendar), a popular yearbook founded in 
1852 and which included among its contributors the famous fairy
tale author and poet Hans Christian Andersen. On one occasion he 
contributed to the popular bourgeois magazine Illustreret Fidende (II- 
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lustrated Journal) with an article on Laskaris and Johann G. Bött- 
ger, two alchemists from the early eighteenth century.30 Although 
Thomsen did not believe in the art of gold-making, he pointed out 
that a proof for the impossibility of transmutation of metals was 
actually missing. The only “proof’ was that repeated attempts of 
turning ordinary metals into gold and silver had all failed. He used 
the occasion to ridicule unnamed Danish scientists for their interest 
in spiritualist séances and belief in spiritual phenomena. According 
to Thomsen, spiritualism was nothing but fraud and superstition.

30. Thomsen (1860a). As Thomsen pointed out, Böttger’s competence in the art of 
alchemy was not in vain. In 1710 he used it to manufacture the first European 
porcelain in Meissen outside Dresden.
31. Ttdsskrtftfor Populære Fremstillinger af Naturvidenskaben was founded by the zoologist 
Christian Lütken, the geologist Carl Fogt, and the botanist Christian Vaupell. In 
1863 it included an extensive summary of Darwin’s theory of evolution, appearing 
anonymously but in fact written by Lütken. The journal ceased to be published in 
1883. See Hjermitslev (2004). Danish popular science periodicals in the eighteenth 
century related to chemistry are covered in detail in Nielsen (2000), pp. 83-90, and 
Nielsen (2007).

Two of Thomsen’s works from this period, published in Danish 
only, are of particular interest because they give an insight in how 
he perceived science in general, including the methods and aims of 
science. They also counter the traditional view of Thomsen as a sci
entist who focused narrowly on his research in experimental chem
istry. In 1855 a new journal titled Tidsskriftfor Populære Fremstillinger af 
Naturvidenskaben (Journal of Popular Expositions of Science) was 
launched in Copenhagen, adding to the already considerable body 
of Danish science journals and magazines addressing a general au
dience.31 Most of the articles in the new journal were serious and 
comprehensive contributions written by the country’s leading natu
ralists and with a strong emphasis on subjects of natural history. 
Papers on chemistry and physics filled little, and mathematics was 
absent. The subscribers were primarily priests, physicians, wealthy 
farmers, and the educated bourgeoisie.

Thomsen contributed to the first volume with a lengthy article in 
two sequels on the interaction of the forces of nature, a free transla
tion of a famous lecture that Helmholtz gave in Königberg (the 
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present Kaliningrad) on 7 February 1854. The translation was free 
indeed, for at places it left out parts of Helmholtz’s address and at 
other places it added to it or changed its structure. Thus Thomsen’s 
account of the simultaneous discovery of the energy principle, as 
quoted in Section 3.2, deviated significantly from Helmholtz’s. 
While the latter stressed Mayer’s priority,32 according to Thomsen’s 
version Colding and Joule shared the priority with the German phy
sician. More conspicuously, readers of Popular Expositions would be 
unaware of Helmholtz’s references to the Bible and his cautious 
analogy between the scientific scenario of the cosmos and “the Mo
saic tradition.” Thomsen simply left this part out. The Königsberg 
lecture was scientifically important because it it introduced a new 
theory of the generation of solar heat, which Helmholtz suggested 
was due to a slight contraction of the Sun (whereby potential gravi
tational energy is transformed into thermal energy). Thomsen re
ferred to it as follows: “A diminution of the Sun’s diameter by a 
ten-thousandth part would cause an evolution of heat sufficient to 
cover the loss of radiation over a period of more than 2000 years.”

32. “The first who saw truly the general law here referred to, and expressed it correctly, 
was a German physician, J. R. Mayer of Heilbronn, in the year 1842. A little later, in 
1843, a Dane named Colding presented a memoir to the Academy of Copenhagen ... 
.” Helmholtz (1995), p. 27.

The Thomsen-Helmholtz article in Popular Expositions was proba
bly the first time that the two fundamental laws of thermodynamics 
were presented to a Danish audience. However, Thomsen’s account 
of the second law was more vague and incomplete than the one of 
his source. For example, Thomsen left out Helmholtz’s references 
to the works of Sadi Carnot, William Thomson, and Rudolf Clau
sius. Yet he included the notorious heat death, an early and most 
destructive consequence of the second law of thermodynamics. 
There will come a time, Thomsen said in his free translation, when 
all the forces of nature have been transformed into one uniformly 
distributed soup of heat.

Then any source of change will be extinguished and a complete ces
sation of all natural processes will have occurred. Of course, plants 
and animals can no longer exist; the Sun will have lost its higher heat 
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and then also its light. And all the constituents of the surfaces of the 
globes will have entered into those compounds that correspond to 
their nature.33

33. Thomsen (1855a), p. 240.
34. Thomsen (1855a), p. 374.

Stated differently, the heat death is the result of the irreversible in
crease of entropy in the universe - except that in 1855 the term “en
tropy” had not yet been coined. At the end of his Königsberg lec
ture, Helmholtz stated that the laws of thermodynamics threatened 
humanity with “a day of judgment” and he referred to the “higher 
moral problems” of the human race. These allusions to Christian 
faith may not have been to Thomsen’s taste. His end was signifi
cantly different: “The Earth will most likely continue its evolution, 
and as one being has replaced the other since the earliest time to the 
present, so the time may come when the human race has fulfilled its 
destiny on Earth and must make way for organic beings of a higher 
order.”34 In Helmholtz’s address there was no reference to these be
ings of a higher order.

Whereas the article in Popular Expositions was meant as a presenta
tion of frontier science and aimed as much at Danish scientists as at 
general readers, in a book of 1856 Thomsen entered the field of 
popular science in the true sense of the term. Alexander von Hum
boldt’s famous and highly successful Kosmos had just been translat
ed into Danish by Christian Anders Schumacher, an army officer 
and writer, with the four volumes appearing 1847-1858. Humboldt’s 
book may have inspired Thomsen to write a similar if less ambitious 
exposition of the natural world and the wonders of science. The re
sult, Vandringer paa Naturvidenskabens Gebeet (Excursions into the Land
scape of Science) was a fine example of science for the people, high
ly informative and written in an accessible, even elegant language. 
Thomsen invited the reader to travel with him to near as well as far 
corners of the world, even to the end of the universe, explaining 
carefully and patiently the natural phenomena experienced along 
the journey. The sciences he covered in this way were primarily geol
ogy, meteorology, physics, oceanography, and astronomy. The lat
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ter subject alone took up about half of the book’s 287 pages. Some
what surprisingly, given the author’s own field of science, Excursions 
contained very little chemistry.

In the introductory chapter Thomsen asserted that in modern 
science there was no way around specialisation and that the dream 
of the past, to encompass all the fields of science, was unrealistic 
and counterproductive. And yet he maintained that for all their di
visions and subdivisions, the sciences worked towards a common 
goal. The Romantic belief in a unity of the sciences was gone, but 
not the belief itself:

The great task that natural science has to solve is to obtain a true un
derstanding of nature itself: In each individual branch of science 
work is being done to solve this task, and gradually as the separate 
parts of science move closer to this common goal, they also enter into 
a more intimate contact with one another. There will come a time 
when all individual branches of science will once again have merged 
into one strong current which, flowing quickly, seeks to reach the 
goal, infinitely distant even now.35

35. Thomsen (1856), p. 4. The book originally appeared in two parts in 1855-1856. It 
was positively reviewed in leading newspapers such as Fædrelandet and Berlingske 
Tidende.

The later development only confirmed Thomsen in his view of a 
dialectic process between unity and disunity in the sciences. In a 
speech in the Royal Danish Academy of 24 March 1899 he said that 
the first half of the nineteenth century had been characterised by 
generalists - people who were “natural philosophers in the wider 
sense of the term.” But in the second half of the century progress 
depended on increased specialisation. While individual scientists 
were necessarily specialists, collectively this healthy tendency to
wards specialisation opened up for a no less healthy interdiscipli
narity and cross-fertilisation of the apparently fragmented know
ledge:
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The points of connection between the various branches of science 
continued to increase and the borders between them became more 
diffuse; the many branches of science showed ever more clearly that 
they had a common origin. Even those sciences that were apparently 
quite far apart from the natural sciences established connections to 
the latter and adopted their exact and analytical methods. In this way 
the different parts of science approach increasingly a common and 
higher unity.36

36. Quoted in Lomholt (1942-1973), vol. 1, p. 476. The speech was given in front of 
the king, Christian IX, and his son prince Frederik.
37. Thomsen (1892b), p. 34.
38. Lehmann graduated as a chemical engineer from the Polytechnic College and for 
a few years, until he changed to psychology, worked as assistant in chemistry at the 
Agricultural College. He published two papers in Tidsskrift. In the mid-1880s he 
created an important school of experimental psychology in Copenhagen. Lehmann 
was elected a member of the Royal Danish Academy in 1902. In 1890 Thomsen

In Thomsen’s view the tendency towards a methodological unity 
showed itself in the humanities and the social sciences taking over 
the mathematical and experimental methods of physics and the 
other exact sciences. It was a common view at the time, an integral 
theme of the predominating spirit of positivism. Like most of his 
contemporaries, Thomsen was unable to imagine that the natural 
sciences could benefit from adopting some of the methods of the 
humanist branches of knowledge.

Seven years earlier, in an address to the fourteenth meeting of 
Scandinavian scientists, Thomsen dealt with some of the same is
sues. Apart from praising the age of specialised science, he proph- 
ecied that psychical and paranormal phenomena - or what he called 
“the mysticism of natural science” - were on the verge of being con
quered by the scientific mind. “Those phenomena known under 
names such as somnambulism, hypnotism, spiritualism, telepathy, 
etc. are covered by a veil; but it surely will be lifted a as they have 
now become subjects of scientific investigation.”37 Thomsen pre
sumably had in mind the Danish experimental psychologist Alfred 
Lehmann whose work he seems to have valued.38 Lehmann did pio
neer research on paranormal experiences.
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At yet another occasion Thomsen connected his view of the de
velopment of science with the more popular presentations that were 
an important part of the Scandinavian meetings since the age of 
Ørsted. Commenting on the Stockholm meeting in 1880 he said, 
not without a grain of sarcasm, that “the meeting has definitely sat
isfied those who place particular weight on the social character of 
such meetings.”39 He was less certain about its scientific value, sug
gesting that in the future the Scandinavian meetings should be lim
ited to “those branches which are narrowly scientific.” He presum
ably had in mind the exact natural sciences and not fields such as 
medicine, botany and ethnography which he considered less scien
tific. Moreover, Thomsen argued that the trend toward specialisa
tion and precise experiments - a trend he welcomed - stood in una
voidable conflict with the older tradition of popular science:

helped him to move his private psycho-physical laboratory to the old buildings of 
the Polytechnic College. Lehmann later expressed his gratitude to Thomsen’s 
positive attitude. See Lehmann (1920).
39. Quotations from Thomsen (1880f).

ill

The development of the basic sciences - physics and chemistry - dur
ing the last decades has fundamentally changed the purely empirical 
nature that characterized them previously and brought them closer to 
the mathematical and philosophical sciences. Theorems or laws de
rived from philosophical considerations about force and matter now 
form the foundation of these sciences; phenomena are often devel
oped from existing theories with mathematical stringency. And pre
cisely for this reason those sciences loose part of their earlier popular 
nature; many results of great scientific importance cannot be justified 
and exposed clearly in a brief lecture for an audience in lack of the 
necessaiy qualifications.

To return to Excursions, if there were a main message in Thomsen’s 
book, it was this: Science was an unqualified gift to humanity which 
not only annihilated the superstitious beliefs of the dark past but 
also showed the way to a bright future with continual epistemic, 
material, and social progress. The book was throughout a trium-
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phalist account of the marvels of science, which the author painted 
in colours corresponding to the new empirical positivism. Distanc
ing himself from the previous generation of romantically inspired 
natural philosophers, he wrote that now observations and experi
ments had “changed belief into knowledge, destroyed the confused 
natural philosophy [Naturphilosophie] and established science on 
the sure ground of experience.” While this may have been an im
plicit critical reference to Ørsted and his age, at one place - and only 
one - the heritage from his former teacher did shine through. Re
cent progress in science, Thomsen said, has indicated a unity of the 
natural forces, but we still do not know the unitary force which is 
ultimately responsible for all phenomena of nature. “The true na
ture [of this force] is the great enigma - it is the soul in nature.”40

40. Thomsen (1856), p. 2 and p. 101. The title of Ørsted’s last book published 1849- 
1850 wasAandeniNaturen, translated into English as The SoulinNature.
41. See Kragh et al. (2008), pp. 135-136.
42. Thomsen (1856), pp. 107-108. Of course, today it is known that the story about 

For Ørsted and Colding the soul in nature was divine, and sci
ence without religion impossible. Still in the 1850s elements of nat
ural theology and religion generally were commonly found in pop
ular books and addresses on science, but the winds were changing. 
In a lecture of 1864 Forchhammer felt it necessary to defend the 
view, now under attack by materialists and atheists, that science was 
in agreement with and even a testimony to “our highest religious 
truths.”41 Thomsen’s Excursions was not explicitly materialist in out
look and there was no trace of atheism in it, but then there was no 
trace of theism either. In fact, it was silent about religion, systemati
cally avoiding words such as “God” and “the creator.” It did refer to 
the church, though, and then critically and in connection with cases 
from the history of science. The readers were told that it was only 
the death of Copernicus in 1543 that saved him from the cruel fate 
of Giordano Bruno, the martyr of science who in 1600 was burned 
at the stake as a heretic. The Copernican world view, “now accepted 
by even the less educated man,” contradicted the dogmas of the 
church which consequently “fought by all means the new system 
and brought its adherents to the stake.”42 He wrote broadly about 
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“the church,” without distinguishing between Catholicism and 
protestant-evangelical beliefs.

Although Thomsen was well acquainted with the history of sci
ence, he rarely referred to it in his writings. On the few occasions 
when Thomsen did outline the historical development of chemistry, 
he presented it as a progressive march towards the truth beginning 
with the chemical revolution in the last quarter of the eighteenth 
century.43 One of those occasions was the centenary of Lavoisier’s 
death, when Thomsen gave a talk to the Royal Danish Academy in 
which he dealt not only with Lavoisier but also with his contempo
rary Luigi Galvani. He presented both as heroic pioneers of science 
but in very different ways. While Lavoisier was the systematic inves
tigator building on a wealth of earlier experiments, Galvani’s dis
covery of animal electricity was purely fortuitous yet no less impor
tant. Thomsen, evidently a great admirer of Lavoisier, compared the 
French chemist to Newton - not an uncommon parallel at the time. 
Contrary to his Danish colleague S. M. Jørgensen (not to mention 
his French adversary Marcellin Berthelot), Thomsen was not seri
ously interested in the history of science and never studied the 
sources of past science.44 He probably considered it a waste of time.

Copernicus is wrong and that Bruno was not burned because of his belief in the 
Earth being a planet circumventing the Sun. Incidentally, as late as 1837 the priest, 
philosopher and author N.ES. Grundtvig, more than just a “less educated man,” 
wrote a paper in Nordisk Kirke-Tidende in which he denied the validity of the Copernican 
world system.
43. E.g., Thomsen (1887a), pp. 1-12, and Thomsen (1894e). On the other hand, 
Thomsen recognised the value of earlier and less scientific theories of chemistry, such 
as alchemy and the phlogiston theory. See Section 7.1.
44. Thomsen (1894e). In 1907 Jørgensen examined in great detail and with historical 
insight the discovery of oxygen and later the development of the concept of acidity. 
The first work was translated into German and the latter published posthumously by 
the Royal Danish Academy. Jorgensen’s interest and competence in the history of 
science went back to his youth, as exemplified by Jorgensen (1860), an informative 
account of the atomic theory and its historical development since the Greeks.

To return to the book of 1856, in a section dealing with meteor
ites - those “pieces of stones or metals which fall from the unlimited 
space in the heavens” - Thomsen pointed out that according to 
chemical and mineralogical analyses the elements contained in the 
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meteorites were the very same as those found on Earth. At the time 
some twenty chemical elements had been identified in stone and 
iron meteorites, a finding which was widely seen as confirmation of 
the material unity of the universe. Thomsen suggested that our 
planetary neighbours Venus and Mars were not only similar to the 
Earth, but “we cannot reasonably doubt that these planets, like our 
Earth, are populated with organic beings.”45 So-called pluralism, 
the belief that life is abundant throughout the universe, was com
monly accepted by the mid-nineteenth century. Ørsted, for one, 
subscribed to the idea and so did Colding.46 Although Thomsen too 
believed in extra-terrestrial life, he did not elaborate and cautiously 
avoided to refer to intelligent life or otherwise speculate about the 
properties of the organic being on other planets.

45. Thomsen (1856), p. 177.
46. On Ørsted’s pluralism and the history of extra-terrestrial life in the nineteenth 
century, see Crowe (1999), pp. 256-257.
47. See Brush (1987). The term refers to a cosmological scenario suggested by 
Immanuel Kant in 1755 and a theory of the origin of the solar system that Pierre- 
Simon Laplace proposed in 1796. However, the two theories had little in common 
and for this reason the name is somewhat unfortunate. Helmholtz dealt with the 
Kant-Laplace nebular hypothesis in his 1854 Königsberg lecture, which Thomsen 
included in his free translation of 1855. There is little doubt that Helmholtz was 
Thomsen’s main source regarding the nebular hypothesis.

At the end of his book Thomsen dealt in some detail with the 
mysterious nebulae studied by the astronomers, which attracted 
great interest at the time. Were they gaseous clouds slowly evolving 
into “new worlds” or just conglomerates of very close and distant 
stars unresolvable by even the most powerful telescopes? The first 
answer was widely accepted and considered support for the popular 
nebular hypothesis also referred to as the Kant-Laplace hypothe
sis.47 It became associated with the fashionable view of nature being 
in a state of continual evolution, with the result that it was highly 
rated by evolutionists many years before Darwin gave a new mean
ing to evolution. The question of the nebulae was however contro
versial for both scientific and ideological reasons. The nebular hy
pothesis ostensibly offered a naturalistic explanation of cosmic 
evolution that left little room for divine agency. Indeed, to the new 
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breed of materialists, atheists and socialists the nebular hypothesis 
was attractive precisely because it made the creator superfluous or 
at leat unemployed. On the other hand, there was no unanimity re
garding the question, for the nebular hypothesis and the associated 
evolutionary world view could also be conceived as arguments in 
favour of religion. This is what Colding and several other authors 
did.

Thomsen was clearly a protagonist of the nebular hypothesis, 
which he knew primarily from Helmholtz’s address but also, pre
sumably, from Humboldt’s Kosmos. Whatever the sources, he enthu
siastically embraced the hypothesis in both of its forms, as a theory 
of the universe at large and a theory of the origin of the solar sys
tem. Young Thomsen was a cosmic evolutionist but not yet an 
atomic evolutionist. As he described the universe, it was continu
ously evolving but not coming to an end in an absolute sense. In the 
far future the Sun and the other stars would become extinguished, 
disappear from the heavens, but new stars would be formed to re
place them, the process going on eternally in grand cosmic cycles. 
Apparently Thomsen did not realise that a cyclic cosmology of this 
kind disagrees with the irreversibility of the second law of thermo
dynamics; or perhaps he did and just chose to disregard the prob
lem.

Another feature of Thomsen’s picture of the universe is worth 
noticing, namely that he conceived it to be infinite in both its spatial 
and temporal dimensions. “Space is unlimited, just as time is,” he 
said, as were it a scientifically established matter of fact.48 Thomsen 
undoubtedly realised that the claim of an infinitely old universe was 
controversial as it contradicted a creation in the past and then one 
of Christianity’s key doctrines. But he refrained from commenting 
on the wider implications of his stated view. Nonetheless, his de
scription of the universe and the nebular hypothesis in Excursions 
played an indirect role in the emerging struggle between the new 
positivist-materialist world view and the Christian belief with which 
science had been traditionally associated.

48. Thomsen (1856), p. 286. He further wrote that “the universe as a whole is infinite 
in time and space.”
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August Colding was no less in favour of cosmic evolution than 
Thomsen, but his reasons were quite different. In the same year that 
Thomsen published his popular book, Colding gave his lecture on 
the forces of nature to the Royal Danish Academy, and in this lec
ture he fully accepted the nebular hypothesis and cosmic evolution. 
Colding suggested that even the atoms of the chemical elements 
had come into being through an evolutionary process: “None of the 
chemical elements could have been formed, had not the general 
force of attraction existed from the ... time when the material itself 
was created in the form of an unbelievably diffuse mass of vapours 
occupying all of the infinite void.” Unlike Thomsen he concluded: 
“Thus nature compels us to acknowledge that ‘God has created the 
world seemingly out of nothing’.”49 Although Colding’s universe 
was infinite in space, it was not eternal. Not only had God created 
the primordial nebulous matter, he had also created the laws of na
ture governing all matter and forces.

49. Colding (1856), in Dahl (1872), p. 125.
50. R. Varberg, “Naturkræfterne og Sjælens Udødelighed,” Dansk Maanedsskrift, 
October 1858, reprinted in Varberg (1868), pp. 17-58. Varberg (1828-1869) became 
known in particular as an enthusiastic supporter of Darwinian evolution theory. In 
1851 he defended Ludwig Feuerbach’s controversial view of the Bible, which at the 
time was regarded as pure atheism.

Colding’s religious metaphysics of forces caught the critical at
tention of Rudolph Varberg, a journalist and writer known for his 
sympathy for materialism, atheism, and Darwinism. In a paper of 
1857 he vehemently objected to Colding’s claim of having demon
strated the immortality of the soul on a scientific basis.50 Varberg 
also criticized Colding’s interpretation of the law of force conserva
tion and his understanding of the nebular hypothesis. In both cases 
he referred to Thomsen’s publications which he seems to have con
sidered authoritative expositions of the subjects. Apparently una
ware that Thomsen’s article of 1855 was in fact a free translation of 
Helmholtz’s address, he described it as “instructive and interesting” 
and valued Thomsen’s book of 1856 no less highly. Varberg may 
have thought that the young chemist was a potential ally in the fight 
against spiritualism and theism, but if so he was mistaken. Thomsen 
had no wish to be drawn into a dispute which was essentially ideo
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logical and political. He wanted to follow his scientific interests. As 
to Colding, he chose not to respond to Varberg’s attack.

Thomsen was also invisible in the heated discussion that from 
about 1870 took place in Danish intellectual circles concerning ma
terialism, science, idealism, and Christian faith. In this discussion, 
which primarily involved philosophers, theologians and literary 
critics, Thomsen’s thermochemistry must have appeared irrelevant 
and too technically demanding. Apart from Varberg, I am only 
aware of a single case in which a prominent participant in the de
bate, the professor of philosophy Rasmus Nielsen, referred to 
Thomsen’s work.51

51. See Nielsen (1873), p. 305, who in a discussion of atoms and matter referred to 
Thomsen’s early treatise on thermochemistry published in the proceedings of the 
Royal Danish Academy of Sciences.
52. A. Thomsen (1860). The solar “constant” or irradiance is the solar power that the 
Earth receives per square metre. It was first approximately determined in 1838 by the 
French physicist Claude Pouillet, who made use of the ice analogy. J. Thomsen 
(1855a) referred to Pouillet’s result in his free translation of Helmholtz’s 1854 lecture.

Finally, it is relevant to mention that another August, Julius 
Thomsen’s brother, also contributed to the popular literature on 
the unity of the natural forces. In an article of 1860 on the Sun’s 
energy and its terrestrial effects he repeated much of what his older 
brother had written in Excursions. As to what became known as the 
“solar constant” he informed the readers that in one year the Earth 
received enough solar heat to melt a 100-feet thick layer of ice (at 0 
°C) surrounding the entire Earth. The illustrative analogy was not 
due to August Thomsen, who merely took it over from contempo
rary physicists and astronomers.52

3.4. Water analysis and public health

In a joint publication of 1853, Colding and Thomsen reported their 
detailed investigations of the causes of the cholera epidemic which 
hit Copenhagen in June the same year. Part of this remarkable work, 
to be described in the next section, relied on chemical analyses of 
the quality of the drinking water coming from the many wells and 
springs in the city. By the mid-nineteenth century investigations of 

II?



JULIUS THOMSEN. A LIFE IN CHEMISTRY AND BEYOND SCI.DAN.M. 2

this kind - what may be called early environmental or hygienic 
chemistry - were still uncommon in Denmark if not quite without 
precedence. Colding and Thomsen relied to some extent on earlier 
investigations on the purity of the waters in the Copenhagen area.53

53. Sources for this section can be found in Vestergaard (1999). Aspects of 
environmental chemistry in Denmark until about 1860 are summarised in Kragh 
(2010a). See also Bostrup (1996) for the development until the early nineteenth 
century.
54. Callisen (1807), p. 362. Two years earlier Ørsted had critically discussed the use 
of eudiometry as a means of measuring the pollution of air and its influence on 
health. See Bostrup (1996), p. 184.

The first attempt to evaluate, in part by chemical means, the 
quality of the Copenhagen drinking waters goes back to 1756, when 
the medical doctor Johannes Christian Lange published a book on 
the subject. However, written at a time when the new analytic chem
istry associated with the so-called chemical revolution was still in 
the future, Lange’s work had no impact on later investigations con
cerning the health effects related to the poor quality of the drinking 
water. It soon came to be seen as a curiosity, a document of the past. 
In 1807 another medical doctor, Heinrich Callisen, an influential 
professor at the Academy of Surgery, published in two volumes a 
careful study of the hygienic state of affairs in Copenhagen. His 
Physico-Medical Considerations Concerning Copenhagen (Physisk Medizin- 
ske Betragtninger over Kjöbenhavn) included a chapter in which 
various water sources in the capital were examined chemically by 
Johan Gottlieb Blau, one of the city’s apothecaries. For example, 
Blau used ammonia water to determine qualitatively the presence of 
clay earth in the water and similarly silver nitrate to determine chlo
ride compounds. Ørsted, who on Callisen’s instigation commented 
on Blau’s results, was not impressed. According to him, chemical 
analysis was of limited use in determining the quality of drinking 
water. “In this matter,” he wrote, “the witnesses of our senses are of 
greater importance, as they tell us more than the chemical means of 
testing.”54

Little more occurred in this area of applied medical chemistry 
until the 1840s, when the population of Copenhagen had grown 
considerably and the pollution problems in the filthy and over
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crowded city even more so. At the time the methods of chemical 
analysis had improved drastically, leaving Ørsted’s judgment obso
lete. With the explosive growth of organic chemistry much of the 
attention shifted from inorganic pollution to the health hazards 
caused by organic compounds in water and air. Environmental 
chemistry was emerging elsewhere in Europe, where the health 
problems related to impure water were more serious than in Copen
hagen. In London and other of the large British cities there were 
several chemical investigations of drinking water and attempts to 
improve its purity. Aware of what happened abroad Danish author
ities were inspired to take up similar initiatives.55

55. See Hamlin (1990) for a detailed account of water analysis in Great Britain in the 
nineteenth century.
56. On Forchhammer, Johnstrup and the position in Christiania, see Garboe (1959- 
1961), vol. 2, p. 290. The chemistry chair is mentioned in Section 1.4.

In 1846 a royal commission belatedly decided that an examina
tion of the water quality of the wells and springs of Copenhagen 
was needed. The task was assigned to Johannes Frederik Johnstrup, 
a young mineralogist who would eventually, after Forchhammer’s 
death in 1865, become university professor of geology. Johnstrup 
had studied “applied science” at the Polytechnic College from 
where he graduated in 1844, just two years before Thomsen. In 
1851, when the University of Christiania looked for a professor in 
chemistry, Forchhammer mentioned the possibility to Johnstrup - 
while Ørsted spoke warmly of Thomsen as a possible candidate.56 
In his water analysis of 1846, Johnstrup paid particular attention to 
the amount of nitrates dissolved in the water, which he measured by 
intense heating of the solid substance left after evaporation. If red
dish vapours were observed, he concluded that the sample con
tained alkali nitrates. In modern notation the reddish vapours were 
N2O3 formed by

NO2 + NO N2O3

In the case of potassium nitrate the reaction can be written as
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2 KNO3 (s) -> 2 KNO2 (s) + O2 (g),

followed by

2 KNO2 (s) -> K2O (s) + NO2 (g) + N O (g)

Also Forchhammer took up the study of water analysis in the late 
1840s, in his case with a focus on the organic compounds present in 
Copenhagen’s lake waters. As he wrote in his report communicated 
to the Royal Academy: “Clearly, the influence of the [drinking] wa
ter on people’s health depends much more on the content of or
ganic compounds than the inorganic compounds, for the first deter
mine to which degree the water will ferment and putrefy.”57 
Forchhammer’s method to determine the amount of non-nitrous 
organic compounds was new as it relied on oxidation by means of 
potassium permanganate (KMnO4), a method which became wide
ly used also internationally. He further recognised the importance 
of organic nitrogen compounds and developed means of detecting 
them in water.

57. Translated from quotation in Vestergaard (1999), p. 28.
58. Christen Thomsen Barfoed (1815-1889) was yet another of the polytechnically 
trained chemists of Thomsen’s generation. He graduated from the Polytechnic 
College in 1835 and later worked at the Royal Veterinary and Agricultural College.

The need for pure water was not only a concern for physicians 
and the public, but also for manufacturers of beverages and other 
goods based on water. For example, when the brewer Jacob C. 
Jacobsen planned the location of his new Carlsberg Brewery in 
about 1845, he realised that plentiful supplies of pure water were 
essential for commercial success. He consequently had one of the 
country’s chemists, Christen T. Barfoed at the Military High School, 
to analyse the quality of the water near Valby, the site outside Co
penhagen where the brewery was to be built.58

In 1846 the Danish Medical Society established a commission 
which under the authorship of the medical professor Andreas Som
mer four years later published a report on the quality of Copenha
gen’s drinking water. Om Kjøbenhavns Drikkevand (On Copenhagen’s 
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Drinking Water) was highly critical, leaving no doubt that the city’s 
water supply was inadequate and the water much unhealthier than 
in other of Europe’s major cities. The country’s first chemistry pro
fessor, William C. Zeise, assigned his pharmaceutically trained as
sistant Frederik Zedeler the task of analysing organic substances in 
the lakes around the central city. Some of the analyses were per
formed by Thomsen, who may have alternated with Zedeler.59 Zeise, 
recognised as an expert in organic chemistry, died in late 1847 and 
seems not to have participated in the work. The analyses performed 
by Zedeler and Thomsen did not result in a publication and are 
only known from the data given in Sommer’s book from 1850.

59. Vestergaard (1999), p. 24. Apart from his mentioned work under Zeise, Zedeler 
seems to be an unknown figure in Danish history of science. According to the 
national census of 1845, Frederik Adolph Zedeler was born in Sæby, Northern 
Jutland, in 1822. I have found no publications from his hand.

It is not obvious why Thomsen in 1853 decided to join forces 
with Colding in an investigation of the causes of the cholera and its 
dissemination by means of water. While Colding served at the time 
as inspector of Copenhagen’s water works and was engaged in re
forming the city’s supply of water, Thomsen had no experience with 
either public health or public water systems. On the other hand, he 
was a promising and versatile young chemist who had previously 
substituted for Zedeler in water analyses. Moreover, it is likely that 
he obtained further insight in analytical methods through his work 
as an assistant for Forchhammer.

Two years after his collaborative work with Colding related to 
the cholera epidemic, Thomsen again performed a series of water 
analyses of wells, this time in the Frederiksberg area of Copenha
gen. The physician Emil Hornemann, an advocate for sanitary re
forms and a leader of the hygienic movement in Denmark, suspect
ed that health problems in the area might in part be caused by water 
polluted from a cemetery. After consultations with Colding, the two 
men requested Thomsen to investigate the matter by means of 
chemical analysis. In his report to the Health Commission, Thom
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sen found strong evidence that the water from one of the wells was 
seriously polluted by putrefied organic substances coming from the 
Frederiksberg churchyard.60

60. The main content of Thomsen’s report appeared in the first volume of a new 
journal on public hygiene founded by Hornemann, Hygiejniske Meddelelser (Hygienic 
Communications). See Hornemann (1857), pp. 3-8. Together with Thomas Segelcke, 
a 23-year-old graduate from the Polytechnic College, Thomsen also analysed the 
water from a well in Copenhagen, as described in Hornemann (1856), pp. 14-17. 
Segelcke later became professor at the Agricultural College and the country’s leading 
expert in dairy chemistry.
61. Colding and Thomsen (1853). See Vestergaard (1999) for a detailed analysis. The 
study of Colding and Thomsen is generally ignored in the international literature. A 
brief summary appears in Raestad (2000).

3.5. On the causes of the cholera

The feared Asiatic cholera came to Copenhagen on 11 June 1853, 
causing 7,219 people out of the city’s approximately 130,000 inhabit
ants to fall ill within the next few months. The number of deaths was 
4,743, meaning a mortality rate of 66 per cent. A total of 6,688 Danes 
lost their life to the cholera. Even before the epidemic had passed, 
officially by 1 October, Colding and Thomsen had finished their sci
entific investigation on the causes of the spread of the disease. Their 
detailed 112-page report, titled Om de Sandsynlige Aarsager til Choleraens 
Ulige Styrke i de Forskjellige Dele afKjöbenhavn (On the Probable Causes for 
Variations of Cholera Outbreaks in Different Regions of Copenha
gen), was published in late September or early October.61 Most like
ly Colding and Thomsen wrote the treatise on their own initiative 
and not on the request of the Copenhagen Municipality or the 
Health Commission. What interested the two authors was primarily 
the uneven distribution of cholera attacks in various districts of the 
city, which they assumed was mainly due to local differences in the 
composition of the soil on which the houses were built. As the other 
main factor for the variation they took the local population density.

In medical circles there were at the time two alternative theories of 
how infectious substances were transmitted, the “miasmatic” and the 
“contagious” theory. According to the first theory, on which Colding

122



SCI.DAN.M. 2 YEARS OF THE CHOLERA

Figure 3.4. The cholera comes to Copenhagen. Satirical drawing in the 
popular journal Folkets Nisse of 2 July 1853 commenting on the inefficiency of 
the Copenhagen city council regarding the cholera epidemic.

and Thomsen implicitly based their work, diseases such as cholera 
were caused by a noxious form of “foul air” (called miasma) emanat
ing from organic matter fermenting and putrefying in the soil. Con- 
tagionists, on the other hand, believed that the carrier of diseases was 
direct or indirect physical contact between people and they conse
quently recommended quarantine as a means to stop the spreading of 
cholera. The lack of success was a main reason why medical experts 
generally favoured the miasma theory in one version or other.

Referring to remnants of manure and renovation from the past, 
Colding and Thomsen stated that the purpose of their work was to 
show “that those substances, which have been in the soil for 200 or 
even 500 years, are still in a state of putrefaction and they emanate 
their products to the wells of the city through air and soil.”62 They 

62. Colding and Thomsen (1853), p. 24.

123



JULIUS THOMSEN. A LIFE IN CHEMISTRY AND BEYOND SCI.DAN.M. 2

reasoned that the assumed noxious emanations from the bad soil 
would in part be absorbed in the underground water, but not that 
the water itself was the carrier of the cholera. The carrier was princi
pally the air. When they nevertheless focused on the water, it was 
because they conceived it as a reservoir of the gases produced by 
rotten organic matter. The prime indicator was methane, CH4, a gas 
which was harmless but served as an indication of the “badness” of 
the soil. Thomsen, who was undoubtedly responsible for the chem
ical analyses, could have chosen to determine methane in the air but 
found it more practical and precise to measure the content of the 
gas absorbed in water. For this purpose he (or he and Colding) de
veloped a new analytical method.63

63. A later version of the method was described in Fleury (1875), written by the 
Danish chemist August Fleury who at the time served as Thomsen’s assistant at the 
chemical laboratory of the University of Copenhagen.

The essence of the Thomsen method was the following. From a 
sample of well water Thomsen boiled out the gases and removed 
H2O, H2S and CO2 by standard methods. He next transformed the 
remaining gas, in the form of CH4 and other hydrocarbons, to CO2 
by passing it over red-heated copper oxide:

CH4 (g) + 2 CuO (s) -> CO2 (g) + 2 Cu (s) + H2O (1)

The carbon dioxide was precipitated with baryte water as BaCO3:

CO2 (g) + Ba(OH)2 (aq) -> BaCO3 (s) + H2O (1)

After drying the precipitate the amount of CH4 could be determined 
gravimetrically. Colding and Thomsen confirmed by various con
trol measurements that the amount of precipitated BaCO3 was in
deed a valid expression of methane in the water, hence an expres
sion of the state of fermentation in the soil. They examined 32 of the 
wells in Copenhagen and found methane in 19 of them, of which 
wells near the churchyards had a particularly high concentration. 
The next step was to relate the fermentations, or state of the soils, to 
the frequency of cholera attacks.
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For this purpose Colding and Thomsen constructed a measure 
of the soil’s health quality Bin terms of the local population density 
Tand the frequency of cholera incidents J, namely

A

where c is an empirical coefficient. The claimed proportionality be
tween A and BT needed to be confirmed empirically, which the two 
scientists did by means of a statistical correlation. Although their 
use of statistics was in fact problematic and not nearly as convincing 
as they claimed, it confirmed the hypothesis to their own satisfac
tion. It led them to the following conclusion:

Based on statistical analysis, we conclude that cholera is closely linked 
to two factors: infected drinking water and high population density. 
... We must therefore consider it beyond any doubt that it will be 
perfectly possible to diminish the power of the disease considerably, 
although not preventing it altogether.64

64. Colding and Thomsen (1853), p. 107.
65. Colding and Thomsen (1853), p. 65.

The Colding-Thomsen investigation was scientific in the sense that 
it was based on chemical and statistical methods, but its purpose 
was entirely practical, namely, to identify the causes of the cholera 
in order to prevent a future epidemic. More generally the publica
tion was an argument for improving the living conditions for a large 
part of the population in Copenhagen. It was in part motivated by 
the authors’ social indignation that building had become an object 
of profitable speculation. They deplored that “large, beautiful and 
airy quarters have been almost destroyed as a result of unrestrained 
building” and recommended a firmer public control of new build
ings and their environments. “In order to take care of the necessary 
hygiene,” they wrote, “it should be an indispensable rule that all 
new streets are provided with lines for gas, water and sewage.”65 
Thomsen and Colding further recommended a more even and regu
lated distribution of the citizens to avoid overcrowding. Although
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Figure 3.5. In 1853 most of Copenhagen’s inhabitants lived in small and 
unhealthy apartments, which meant that the spread of cholera had almost 
ideal conditions. Photograph of the crowded Vognmagergade quarter in 
central Copenhagen from the late nineteenth century. Copenhagen City 
Museum.
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their recommendations did not lead to immediate action, in the 
long run they did have an effect. Hornemann and other advocates 
of the hygienic movement used the analysis of Colding and Thom
sen as ammunition in their fight for a cleaner and healthier city. 
Thomsen kept an interest in problems concerning sanitation and 
hygiene. For example, he was active in the preparations which in 
1880 led to the Society for Hygiene in Denmark (Selskabet for 
Sundhedsplejen i Danmark), an organisation with Hornemann as 
its first president.66 For another example, see Section 8.2.

66. See Lindegaard (2001), p. 183. Online as http://dendigitalebyport.byhistorie. 
dk/bibliografi/dokumenter/phdafhandling_lindegaard.pdf.
67. Vestergaard (1999), pp. 75-76; Raestad (2000).

The English physician John Snow, one of the fathers of modern 
epidemiology, is famous for his investigation of the 1854 London 
cholera. Although Snow did not believe in the miasma theory, there 
are close parallels between his work and the one made the year be
fore by Colding and Thomsen in Copenhagen.67 Snow made use of 
chemical water analysis, if not of methane but of chloride, and he 
plotted all registered cholera cases on maps to show how poor liv
ing conditions were correlated with the frequency of the cholera. 
Contrary to Colding and Thomsen, he also used microscope exami
nation of the water to demonstrate its poor quality. Snow was una
ware of the work by Colding and Thomsen, which was published in 
Danish only. Whatever the share of the two Danish researchers in 
the history of epidemiology, in 2010 Colding (but not Thomsen) 
was appointed an honorary member of the Scandinavian branch of 
the John Snow Society - very much post mortem.



CHAPTER 4

Pioneering thermochemistry

If known at all among modern chemists, Julius Thomsen will be 
vaguely remembered as one of the nineteenth-century pioneers of 
classical thermochemistry and especially for his systematic and very 
precise measurements of thermal data over a wide range of chemical 
compounds. Indeed, this was the basis for the great reputation he 
enjoyed during his own time. But although Thomsen was the first to 
suggest a definite theory of thermochemical reactions, he did not 
invent thermochemistry. This branch of chemical research has roots 
farther back in time. The roots can be found in calorimetric meas
urements made in the late eighteenth century, and in the 1840s ther
mochemistry was developed on an experimental basis by a small 
but gowing number of chemists. The main product of Thomsen’s 
extensive work on the subject was an impressive four-volume book 
published between 1882 and 1886, the Thermochemische Untersuchungen 
(Figure 4.1). Thomsen based his system on the principle that reac
tions of a proper chemical nature always evolve heat and that the 
amount of heat is a measure of the affinity of the involved substanc
es. However, at the time of publication of Thomsen’s book several 
other chemists had entered the field of thermochemistry, and in 
some cases they challenged his data and interpretations. The most 
prominent of Thomsen’s rivals was the brilliant and versatile 
Frenchman Berthelot, who based his theory on what he called a 
“principle of maximum work.”

While the theory of thermochemistry proposed by Thomsen and 
Berthelot was solidly founded on the first law of thermodynamics, it 
disregarded the second law and generally the new chemical thermo
dynamics formulated in the 1880s by Helmholtz and others. It 
turned out that the classical theory did not give a correct picture of 
the role of heat in chemical processes. As became clear latest in the 
1890s, the Thomsen-Berthelot principle is of limited validity and
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Figure 4.1. The fourth and last volume of Thomsen’s great work on ther
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only true at absolute zero temperature.1 Thomsen as well as Berth
elot were unwilling to admit that their thermal theories were at best 
approximately true, but by the turn of the century this was the ver
dict of the new generation of physical chemists - and it is still the 
verdict.

i. I use the term “Thomsen-Berthelot principle” as a convenient name for the basic 
idea of classical thermochemistry as developed by Thomsen and Berthelot. The 
name was rarely used at the time, van’t Hoff (1905) being one of the few exceptions. 
Neither Thomsen nor Berthelot, rivals as they were, would have liked the name.

4.1. Affinity, calorimetry, and thermochemistry

Why do certain chemical reactions occur while others do not? As 
seen from the standpoint of early nineteenth-century natural phi
losophy the question could be answered in terms of the forces bind
ing together the constituents of matter or what was generally known 
as the “chemical affinities” of substances. In the previous century 
several tables of relative affinities had been proposed, first in 1718 
by the Frenchman Etienne Francois Geoffroy. Later in the century 
more elaborate tables were presented by Pierre Joseph Macquer in 
an influential textbook of 1749 and by the Swedish chemist Torbern 
Bergman in 1775. The framework of these tables was the idea of 
certain “elective affinities” which depended solely on the nature of 
the substances involved in reactions. Within this framework reac
tions were supposed to proceed in one way only, which ruled out 
reversible processes. However, tables of this kind were of limited 
use, for other reasons because they failed to take into account the 
physical conditions under which chemical reactions occur.

Chemical affinity was that something which caused substances 
to enter into or resist decomposition, but what was that something? 
The question was often conceived within the framework of Newto
nian mechanics, with chemical force being largely synonymous with 
chemical affinity. The causes of chemical processes were seen as re
siding in the attractive forces supposed to act on a microscopic level 
and somehow being of a nature similar to that of Newtonian gravity 
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on the macroscopic level.2 With the rise of galvanism and electro
chemistry in the first decades of the nineteenth century it became 
more common to think of affinity as a manifestation of electrical 
rather than gravitational forces. Inspired by Berzelius’ widely ac
cepted dualistic theory of composition some chemists sought for an 
electrical explanation of affinity, but not very much came out of 
their endeavours. Whatever the nature of the elusive concept, it was 
realised that chemical affinity, in order to be of scientific use, needed 
to be associated with experiments. One way of providing affinity 
with a quantitative and operational measure was by means of the 
heats evolved - or sometimes absorbed - in chemical processes.

2. See Levere (1971) and Duncan (1996) for detailed accounts of the early history of 
affinity.

Among the first attempts to determine the amount of heat that 
evolved in chemical reactions with the object of obtaining a meas
ure of chemical affinity were a famous series of experiments con
ducted by Antoine-Laurent Lavoisier and Pierre Simon de Laplace 
in about 1780. Their interpretation of experiments with, for exam
ple, sulphuric acid and water in different proportions did not rest 
on any particular theory of heat except that it presupposed heat to 
be a conserved quantity. The ice calorimeter that Lavoisier and 
Laplace used was instrumental in establishing calorimetry as a sci
ence, but it was a delicate and expensive instrument which was lim
ited to a small temperature interval. Moreover, the results obtained 
by means of the ice calorimeter were not very consistent and there
fore not very accurate. Incidentally, the word “calorimeter” was 
coined by Lavoisier in 1789 to refer to the instrument he and Laplace 
had developed about a decade earlier. As the name indicates, it was 
originally associated with the belief in caloric, the material but im
ponderable and self-repulsive substance that Lavoisier assumed to 
be the cause or even the nature of heat. In the list of chemical ele
ments stated in his famous TraitéElementaire de Chimie of 1789 caloric 
figured as a “simple substance.”

Another pioneer of calorimetry was the Irish chemist and physi
cian Adair Crawford, who in books from the same period discussed 
various designs of calorimeters to measure the heats of combustion
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of a few chemical substances.3 Like Lavoisier, he was particularly 
interested in the “animal heat” associated with physiological chem
istry. Crawford reported in 1788 that he had exploded a mixture of 
oxygen and hydrogen and estimated the heat of combustion. Not 
being a convert to Lavoisier’s new chemical system he referred to 
the gases as “dephlogisticated air” and “inflammable air,” respec
tively.

3. The work of Crawford and other contributors to calorimetry and early 
thermochemistry is carefully described in Médard and Tachoire (1994).
4. Quoted from Schelar (1966), p. 103. Parts of Hess’s 1840 memoir are translated in 
Leicester and Klickstein (1968), pp. 329-332. For background, see Leicester (1951).
5. Leicester and Klickstein (1968), p. 331.

GS

The early work of Lavoisier, Laplace, and Crawford was not fol
lowed up to any extent and it took several decades before thermo
chemistry, as distinct from calorimetry, was firmly established. One 
of the founders of this branch of chemistry was the Swiss-born Rus
sian chemist Germain Henri Hess, a professor in St. Petersburg, ac
cording to whom the proper measure of chemical affinity was given 
by heats of dilution and combination. As he stated in an important 
paper of 1840, he realised that, “the atom which is held most strong
ly also develops the most heat, and that the quantity of developed 
heat could serve as a measure of affinity.”4 Based on a series of ex
periments involving mixtures of sulphuric acid with water, neutrali
sation of acids and bases, and the formation of ammonium sulphate 
in water, he demonstrated empirically what is known as the law of 
constant heat summation, or just Hess’s law. According to this em
pirical law or generalisation, the amount of evolved heat is inde
pendent of the individual reaction processes. In the words of Hess: 
“A combination having taken place, the quantity of heat evolved is 
always constant whether the combination is performed directly or 
whether it takes place indirectly and in different steps.”5

As an example, consider the consecutive neutralisation of 
phosphoric acid with sodium hydroxide, which proceeds in three 
steps:
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(I) H3PO4 + NaOH —> NaH2PO4 + H2O, heat = X

(II) NaH2PO4 + NaOH -a Na2HPO4 + H2O, heat = Y

(III) Na2 HPO4 + NaOH -a Na3PO4 + H2O, heat = Z

According to Hess’s law the total amount of evolved heat will be X 
+ Y + Z. As Hess realised, his law was of considerable practical sig
nificance as it allowed the calculation of heats which could not be 
directly measured. Thus the formation of carbon monoxide from 
carbon and oxygen will always be accompanied by the formation of 
carbon dioxide and for this reason the heat evolved in the first pro
cess alone cannot be directly established. But it can be found indi
rectly from the two processes

2 C + 2 O2 2 CO2 + 189 kcal

2 CO + O2 -+ 2 CO + 135 kcal

From Hess’s law it follows by subtraction that

2 C + O2 —> 2 CO + 54 kcal

At about 1840 the concept of heat was under transformation, but 
Hess still referred to the caloric conception and heat as a conserved 
quantity; he did not relate his results to the new mechanical theory 
of heat. From the point of view of the slightly later principle of en
ergy conservation Hess’s law was merely a somewhat trivial conse
quence of this principle, such as Helmholtz pointed out in Über die 
Erhaltung der Kraft, his classical 1847 memoir on the conservation of 
energy.6 In any case, with the work of Hess and the contemporary 

6. Reprinted in Ostwald’s Klassiker der Exacten Wissenschaften, no. 1 (Leipzig: Engelmann, 
1889), where the reference to Hess is on p. 25. Remarkably, Helmholtz’s masterpiece 
was not accepted for publication in Annalen der Physik und Chemie and consequently it 
appeared as a privately printed booklet. Still in the mid-1850s Thomsen seems to 
have been unaware of it.
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contributions of Pierre Dulong in France, Thomas Graham in Eng
land, and Thomas Andrews in Ireland, thermochemical studies 
were slowly gaining an important position in chemistry. These early 
studies were mostly concerned with reactions which readily occur at 
moderate temperatures, such as the heats of neutralisation of acids 
and the heats of hydration of salts.

The first systematic and large-scale series of calorimetric deter
minations of heats involved in chemical reactions, after those of 
Hess, were carried out in Paris by Pierre Antoine Favre and Johann 
Theobald Silbermann. The two chemists initiated their collabora
tive thermochemical research programme in 1843 and six years lat
er, after hundreds of accurate experiments and numerous publica
tions, most of them in the journal Comptes Rendus, they terminated 
the collaboration. In 1852-1853 they recapitulated their very exten
sive work in a couple of voluminous memoirs in the Annales de Chimie 
et de Physique.7 The work of Favre and Silbermann was well received 
and for more than a decade their measurements constituted the 
main body of data for thermochemistry. In 1849 the French Acade
my of Science announced a prize competition for the best study of 
heat given out in chemical reactions; the first prize was awarded to 
Favre and Silbermann and the second prize to Andrews.

7. Favre and Silbermann (1853). The work of the two French chemists is covered in 
detail in Médard andTachoire (1994), pp. 97-114.

In 1846 Favre and Silbermann constructed a new type of calo
rimeter which was better suited for measuring large amounts of 
heat. Their “mercury calorimeter” consisted of an iron bulb filled 
with mercury connected to a horizontal graduated tube. By measur
ing the expansion of the mercury they could find the heat evolved. 
The two Parisian chemists took pride in their instrument, which 
they argued was more precise and reliable than earlier calorimeters. 
Perhaps it was, but the mercury calorimeter and the method based 
on it was criticized by later chemists, including Thomsen and Berth
elot (see Section 5.1). Favre and Silbermann made use of the “calo
rie” as a unit of heat, and it is sometimes stated that they introduced 
the unit. However, this is a mistake as the calorie unit goes farther 
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back in time and was well-known in France by the mid-1840s.8 Dur
ing the second half of the nineteenth century two units of heat were 
employed in thermochemical and other studies. One was the “small 
calorie” (cal) and the other was the “large calorie” or kilo-calorie 
(Cal or kcal). The two units are related as simply

8. See Hargrove (2006) for a history of the calorie. The unit was possibly first used by 
the French physicist Nicholas Clément in lectures of 1824.
g. Thomsen (1880e).

1 Cal = 1000 cal = 4184 J

Favre and Silbermann performed experiments over a wide range, 
from various heats of combinations to heats evolved by dissolution. 
For example, they obtained for the first time an accurate value for 
the heat of combustion of hydrogen gas. Translated into the mod
ern unit they reported 68.95 calories per mole, which is only slightly 
less than the correct value. Also for the heat of formation of zinc 
chloride

Zn + Cl2 —> ZnCl2

they determined a value in fair agreement with the modern one. In 
this case they made use of indirect processes and Hess’s law. In a 
study of the heat of formation of nitrous oxide (N2O) they found to 
their surprise that the compound absorbed rather than liberated heat 
energy. This was one of the very first examples of endothermic pro
cesses, a class of processes that soon would become important as 
well as problematic in thermochemical theory. Many years later, in 
1880, Thomsen investigated the endothermic formation of nitric ox
ide (NO) from its constituents and measured the amount of heat 
involved in the process.9

The two French chemists were primarily occupied with measure
ments and data; they hesitated in drawing theoretical conclusions 
from their many experiments on chemical heat. By the early 1850s 
the mechanical theory of heat and the law of energy conservation 
were well established but Favre and Silbermann made no use of 
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these important ideas in their work. They were not foreign to the 
concept of affinity, of course, and at one point they even motivated 
their research by referring to “the laws of chemical affinity ... [which 
are] still enveloped in deep enough obscurity.”10 But Favre and Sil
bermann were unwilling to define what they meant by affinity ex
cept that they tended to identify it with molecular stability. They 
thought that this property manifested itself in the heats of forma
tion: the more exothermic the formation of a compound was, the 
more stable it was. In one of their last memoirs they wrote: “It seems 
difficult not to admit that there is quite a close connection between 
the energy of the affinities of different bases for the same acid, or the 
degree of stability of the compound formed, and the quantities of 
heat evolved in the act of combination.”11

10. See Levere (1971), p. 204.
11. Favre and Silbermann (1853), p. 491. The terms “exothermic” and “endothermic” 
were coined by M. Berthelot in lectures he gave at College de France in 1865.
12. Quoted in levere (1971), referring to a paper of 1860.

Like most other workers in thermochemistry, Favre was con
vinced that calorimetry was the key that would eventually unlock 
the secret of the nature of affinity. As he wrote: “To study chemical 
reactions, taking into account the quantities of heat involved, is, in 
our opinion, the best, perhaps the only way by which one may arrive 
at a correct conception of the force designated by the name of 
affinity.”12 In Copenhagen, Thomsen agreed.

4.2. A thermochemical system

In 1852 Julius Thomsen published an extensive memoir in the pro
ceedings of the Royal Danish Academy in which he ambitiously 
aimed at establishing a rational basis for thermochemistry. Dissatis
fied with the state of art of this branch of experimental chemistry 
the 26-year-old chemist wanted to formulate it as a logical system of 
definite propositions. The immediate reason for Thomsen’s publi
cation was a perceived competition from the British chemist and 
medical doctor Thomas Woods who the same year had proposed a 
thermal theory of chemical affinity. Thomsen had originally wished 
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to base his theory on a large number of experiments and only then, 
armed with a wealth of experimental data, to formulate a theory in 
agreement with the data. But faced with Wood’s paper he felt forced 
to adopt a more deductive-theoretical approach instead of the in
ductive-empirical approach he had first had in mind.13

13. Thomsen (1852), p. 155; Woods (1852).
14. Thomsen (1852), p. 165. In the popular book Thomsen (1853b) he dealt in detail 
with the composition and chemical characteristics of plants.
15. Thomsen (1853c, 1854a, 1854b, 1854c). The last paper promised a continuation 
of the series, but no such paper appeared in print (1854c, p. 57).

At the end of his Danish memoir Thomsen pointed out that 
chemical processes do not depend solely on “the forces inherent in 
the substances” but also on external forces such as electrical actions. 
He illustrated the point by referring to the reactions involving zinc 
and copper in a Daniell cell, a case he would return to in his later 
work. He also called attention to the chemical actions of light which 
he conceived as analogous to those of electricity. Thomsen suggest
ed that his thermochemical theory, when fully developed, would be 
applicable to the vegetable world: “The organic substances con
tained in the plants are formed by the reduction of water vapour, 
carbon dioxide and ammonia under the action of light and absorp
tion of heat; this may in part explain why we have been unable to 
synthesise in our laboratories vegetable substances by means of the 
ordinary chemical operations.”14

Thomsen quickly followed up on his 1852 memoir with a series 
of articles published in PoggendorfFs Annalen der Physik und Chemie. 
These were in part a German translation of his 1852 memoir but in 
some respects went beyond it. The series of papers consisted of five 
parts and appeared 1853-1854 in the form of four consecutive pa
pers with the common title Grundzüge eines Thermochemischen Systems 
(Basic Features of a Thermochemical System).15 Altogether it cov
ered 88 pages. The series of publications between 1852 and 1854, a 
veritable tour deforce, formed the basis of Thomsen’s theory of ther
mochemistry such as he would develop it in his later works. In a 
Danish paper of 1861 he sharpened some of his original formula
tions but without changing them substantially. Throughout his life 
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he basically kept to the thermochemical system as he had presented 
it in his youth. Thus, most of the ideas introduced in Grundzüge can 
be found also in Thomsen’s English summary volume Thermochemis
try published 1908, more than half a century later.

For the energy involved in a chemical reaction Thomsen used 
various and more or less synonymous names such as “chemical 
force,” “affinity” and “thermodynamic equivalent.” He did not use 
the term “energy” (or “force,” corresponding to the German Kraft}. 
The chosen terminology may have made his articles difficult to read 
and appear more obscure than they actually were. For the heat 
evolved or absorbed in a process he spoke of the reaction’s varmeton- 
ing or the German equivalent Wärmetönung, which in English can be 
translated to “thermal effect.”16 The varmetoning could thus be either 
positive or negative, corresponding to exo- and endothermic pro
cesses. Thomsen was convinced that “a study of the thermal effect in 
chemical actions will lead to the determination of the absolute val
ues of the chemical forces in various substances.”17

16. Thomsen’s neologism Wärmetönung (or the Danish varmetonung) was widely used in 
Scandinavian and German chemical literature but not elsewhere. I shall generally 
use the term “thermal effect.” In a few cases, as in Merz (1904-1912), the literature in 
English made use of the hybrid term “heat-toning.”
17. Thomsen (1852), p. 118.

Thomsen based his theory on the postulate that there is inher
ently in nature a certain direction of evolution which matter follows 
spontaneously; it only moves in a different direction if an external 
force is applied. For example, he said that the natural “motion” of 
phosphorus was to unite with other elements such as oxygen. This 
motion corresponded to the strongly exothermic nature of the pro
cess

P4 + 5 O2 —> P4O10

On the other hand, Thomsen noted that the process

N2 + O2 -4 2 NO
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was endothermic. Adopting a teleological terminology, he inter
preted it as the “purpose” of nitrogen, in so far it was part of the 
Earth’s atmosphere, was the element itself. He realised that this pur
pose depended on the circumstances, for if nitrogen was mixed with 
hydrogen it would in some cases follow the exothermic process

N2 + 3 H2 2 NH3

As he said, “If the Earth had an atmosphere of hydrogen, the pur
pose of nitrogen would have been ammonia.”18

i8. Thomsen (1852), p. 156.

It should be noted that in his early work from 1852 to 1854 
Thomsen used a nomenclature that differs substantially from the 
present one. In accordance with a notation proposed by Berzelius 
in the late 1820s he represented oxygen atoms in a compound by 
dots above the chemical symbol and used barred symbols to repre
sent two atoms. A couple of examples will illustrate the kind of sym
bols used by young Thomsen and many of his contemporaries:

H = H2O ; SÄ = H2S04 ; -N-H3 = 2 NH3

Thomsen did not adopt Berzelius’s notation in his textbook of 
1850, where he used formulae such as N2O, Fe2O3 and (BaO, N2O5), 
with the latter representing barium nitrate or Ba(NO3)2 ■ For the 
sake of intelligibility I shall transcribe most formulae into modern 
notation.

To express the heat effects in a general and systematic manner 
Thomsen made use of a new nomenclature, which he had first pro
posed at the meeting of Scandinavian scientists held in Stockholm 
in 1851. If a compound XaYb is formed by its constituents Xa and Yb 
he denoted the thermal effect (Xa, Yb) or sometimes [Xa, Yb]. For 
example, lead sulphate may be formed by its elementary constitu
ents in which case the thermal effect will be (Pb, S, O4); but it may 
also be formed by an oxidation of lead sulphide,

PbS + 2 O2 -> PbSO4
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In the latter case the thermal effect was written as (PbS, O4). For the 
total amount of energy associated with one equivalent of XaYb he 
used the formula (XaYb), and for the heat he adopted a unit corre
sponding to the calorie, although without using the name. Thom
sen further wrote the heat effect of the compound XaYb with c equiv
alents of water as

(Xa,Yb,Hc) or (Xa,Yb,aqc)

If the compound was fully dissolved in water he used the notation

(Xa,Yb,Aq)

The symbol Aq denoted an amount of water so great that a further 
addition of water would have no thermal effect.

Among the results Thomsen derived from his formal system of 
thermochemistry was Hess’s law. Suppose that the substances P, Qj 
R and S unite directly to form the compound PaQj_,R(.S,| and that 
this compound is then split up into PaQ;, and RcSd; suppose further 
that these two compounds are again resolved in their constituents. 
Then Thomsen showed that

(Pa> Qb) + (Rc> Sd) + (PaQb< RcSd) = (Pa> Qb< Rc< Sd)

19. Thomsen (1852), p.123; Thomsen (1853c), p. 356.

That is, “the total thermal effect for the formation of a compound is 
always the same, whether it is formed directly or successively from 
its constituents.”19 As Thomsen noted, this was just what Hess had 
found experimentally. He was apparently unaware of Helmholtz’s 
earlier demonstration that Hess’s law follows straightforwardly 
from energy conservation. Although Thomsen knew about the prin
ciple of energy or “force” conservation, in his publications from 
1852-1854 he did not refer directly to it. On the other hand, he used 
it implicitly and described it in words; it was indeed at the base of 
his thermochemical system. Thomsen’s notation became widely 
used in German literature in particular. As late as 1897 the famous 
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physicist Max Planck wrote: “J- Thomsen ... denoted by the formu
lae for the atomic or molecular weight of the substances enclosed in 
brackets, the internal energy of a corresponding weight referred to 
an arbitrary zero of energy. Thus [Pb], [S], [PbS] denote the ener
gies of an atom of lead, an atom of sulphur, and a molecule of lead 
sulphide respectively.”20

20. Planck (1897), p. 63.
21. Thomsen (1852), p. 131.

Having laid out the formal scheme of his thermochemical sys
tem Thomsen went on to consider the experimental data obtained 
by previous researchers. He was not impressed. In the case of acid
base neutralisation processes he pointed out that the values report
ed by Hess, Andrews, and Favre and Silbermann varied considera
bly. “There is no agreement at all!” he lamented. “Since I could not 
use such deviating results I was forced to repeat all the experiments 
to get results that at least approximately express the truth.”21 In his 
extended series of neutralisation experiments, undoubtedly made 
at the chemical laboratory of the Polytechnic College, Thomsen 
used a relatively simple calorimeter. He took great care in analysing 
the apparatus and the unavoidable experimental errors associated 
with it. Thomsen found thermal values that roughly agreed with 
those reported earlier but, he stressed, his own values were more 
precise and reliable. The novelty of Thomsen’s series of papers 
1852-1854 did not lie in his experiments but in the proposed theo
retical system of thermochemistry and its associated definition of 
affinity.

In Grundzüge Thomsen added an interesting section on specula
tive atomic theory which is not to be found in his Danish memoir. 
“The atomic theory has proved exceedingly useful for chemistry,” 
he wrote, “[and] I shall here try to apply it to the inherent forces of 
substances.” For liquids Thomsen assumed that the inherent force 
manifested itself in the atoms or molecules performing circular mo
tion with a characteristic radius and angular velocity. He did not 
address the question of the centripetal force necessary for the rotat
ing motion. When two liquids were mixed, their molecules were 
supposed to attain the same angular velocity but keep their original 
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radii. “By this equalisation of angular velocity a loss in kinetic en
ergy will occur, proportional to the amount of evolved heat.”22 For 
a body of mass m moving with velocity v, or in the case of uniform 
circular motion v = mr, the kinetic energy was known to be

22. Thomsen (1854a), p. 275. Thomsen used the term “lebendige Kraft” (living force) 
for the kinetic energy and did not distinguish sharply between atoms and molecules.

1 1
Ek;„ = — mv2 = —ma)2r2km 2 2

However, Thomsen used the older definition of “living force” or 
vis viva and consequently ignored the factor %. Let the aqueous 
solvent be characterised by atoms of mass M revolving in circles 
with radius r and angular velocity co; for the substance mixed with 
the solvent the symbols are Mj, and oq. Thomsen showed from 
the mechanical theory that the heat evolved in the mixing pro
cess would be 

Q =

where W denotes the conversion factor between heat and kinetic 
energy. To connect his atomic hypothesis to measurable quantities 
Thomsen considered a single “atom” of, for example, sulphuric acid 
dissolved in n atoms of water. He derived the following expression 
for the evolved thermal energy:

Q =
n

-------C
n + x

The two quantities x and C were given only in terms of the atomic 
hypothesis but could be estimated by comparing this expression 
with experimental data. For the heat evolved in aqueous solutions 
of sulphuric acid he found with good approximation that

1085n
 n+ 1.745

Although Thomsen found a satisfactory agreement between theory 
and data, he realised that this alone did not justify his hypothesis of 
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circularly moving atoms or molecules. “Some other hypothesis 
might possibly lead to the same result,” as he noted. As we shall see 
in Section 6.2, he would later return to the heat of dilution in the 
system made up of varying amounts of H2SO4 and H2O.

Thomsen’s attempt to explain thermochemical processes in 
terms of atomic motions was meant to be an analogy and not a real
istic model. And yet, when he applied it to the volume contraction 
of sulphuric acid in water he was able to derive contraction effects 
in agreement with experiments. The agreement made him express 
himself optimistically: “The proposed hypothesis may to some ex
tent correspond to the truth; it is interesting that the general laws of 
motion are applicable to molecular motion and can contribute to 
find the laws [of molecules], if not their true causes.”23 Thomsen did 
not further develop his atomic-molecular theory of liquids and solu
tions. It is of interest mainly because it illustrates Thomsen’s belief 
in a mechanical foundation of chemistry and also his considerable 
knowledge of mechanical physics. Such knowledge was not com
mon among chemists in the mid-nineteenth century when chemistry 
was predominantly an experimental art.

23. Thomsen (1854a), p. 284.
24. Langberg (1845), p. 328. Langberg (1810-1857) had studied physics under Ørsted 
in Copenhagen and in 1844-1845 been on an extensive study tour in Europe. See 
https://snl.no/Lorentz_Christian_Langberg . He was editor of Nyt Magazin for 

As Thomsen was aware, he was not the first one to investigate the 
contraction and heat effects in the system of sulphuric acid and wa
ter. An investigation of this kind had earlier been reported by the 
Norwegian physicist Lorentz Christian Langberg, a newly appoint
ed professor at the University of Christiania. Langberg found theo
retical expressions of the effects similar to those published by 
Thomsen, and he verified the heat expression by means of Hess’s 
data for the heat evolved in mixtures of sulphuric acid and water. 
He even suggested a definite relation between the changes in vol
ume and the evolved heat. Not unlike Thomsen, Langberg assumed 
that “changes in volume as well as in heat are both effects of a high
er cause, namely the striving of the chemical or molecular forces 
towards a new equilibrium position.”24
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Thomsen considered his new system a step on the road that 
would change chemistry from a predominantly empirical science to 
an exact science governed by definite laws. This was a theme he 
would often return to, such as he did in a lecture to the Royal Dan
ish Academy in 1861. On this occasion he asserted:

The proposed theory is in perfect agreement with the basic laws of 
mechanics and it allows us, at least to some extent, to apply the math
ematical method to chemical processes. By considering the evolution 
of heat caused by the formation of a chemical compound as a meas
ure of the affinity ... it becomes possible to establish general laws for 
the chemical processes and to replace the older and uncertain doc
trine of affinity with a new one built on the sure basis of numbers.25

Naturvidenskaberne, a journal of the same genre as the Thomsen brothers’ Tidsskriftfor 
Physik ogChemie. At the 1847 meeting of the British Association in Oxford he lectured 
on his work on the density of sulphuric acid at different degrees of dilution. Thomsen 
referred to his Norwegian colleague in Thomsen (1854a), p. 284.
25. Thomsen (1861), pp. 103-104. An abbreviated version of the paper was published 
in Archivfor Pharmacie 18 (1861): 433-440, 481-495.

With the new notion of affinity, he continued, “chemistry approach
es ever more closely the exact sciences, and many apparent contra
dictions will appear as necessities.”

Thomsen’s ambition was to determine the absolute values of 
chemical forces by means of thermochemical measurements and 
thus supply the vague concept of affinity with a precise and opera
tional meaning. In his Danish memoir of 1852 he stated his basic 
thesis of chemical actions being accompanied “by an evolution of 
force which in general manifests itself as an evolution of heat.” Two 
years later he offered a more elaborate definition of affinity based on 
heat effects:

The force which unites the components parts of a chemical com
pound is called affinity. ... In order to split up a compound, to over
come the affinities, a force is necessaiy the quantity of which can be 
measured as the thermal effect in the formation of the compound 
from its constituents in question. The affinity of two bodies manifests 
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itself in the ability of direct combination between them; if they do 
combine, an amount of heat will evolve corresponding to the affinity 
of the bodies. ... By considering the amount of heat evolved by the 
formation of a chemical compound as a measure of its affinity, or of 
the work required to again resolve the compound into its component 
parts, it must be possible to deduce general laws for the chemical 
processes, and to exchange the old theoiy of affinity, resting on an 
uncertain foundation, for a new one, resting on the sure foundation 
of numerical value.26

26. Thomsen (1854c), p. 34. See also Thomsen (1861), p. 104.
27. Thomsen (1854c), p. 36. See also sections 4.4 and 4.5.
28. Thomsen (1854c), p. 36, and similarly in Thomsen (1861), p. 103.

Conceiving a chemical process to be an exchange of affinities in 
which the weaker affinities were replaced by stronger ones, Thomsen 
concluded that “Every simple or complex action of a purely chemical 
nature is accompanied by evolution of heat.” This general statement, 
sometimes known as “Thomsen’s principle,” became the much dis
cussed backbone of thermochemistry in the decades to follow.27

The phrase “of a purely chemical nature” was crucial in Thom
sen’s formulation, where it was introduced as a kind of protection 
against the objection that although most chemical processes evolve 
heat, some do not. They are endothermic and thus may seem to 
contradict the principle. Thomsen was well aware of endothermic 
processes and included them in his concept of thermal effect (varme- 
toning) which referred to endothermic as well as exothermic process
es. He argued however that heat-absorbing processes were not of a 
“purely chemical nature” and hence outside the realm of his princi
ple. To qualify as a chemical action, a process would have to be 
governed exclusively by the forces inherent in the interacting sub
stances. “I see only chemical actions in such processes where the 
substances combine in definite proportions, according to their 
number of equivalence, and I will only consider these in order to 
test the theory by experience.”28 Most salts are dissolved in water 
under the absorption of heat, but not in definite proportions, and 
accordingly Thomsen conceived solution processes to be of a phys
ical rather than chemical nature. While Thomsen found this crite
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rion to be satisfactory, several other chemists considered it to be ad 
hoc and nothing but a means to protect the general principle against 
refutation.

Moreover, Thomsen’s definition of a pure chemical process 
changed over time. In the mature version stated in Thermochemische 
Untersuchungen a process of purely chemical nature was said to be one 
which “proceeds without the expenditure of external energy and is 
accomplished only through the striving of the atoms towards a 
more stable equilibrium.”29 Thomsen referred to the “right of the 
stronger” as one of the important principles in the dynamics of 
chemical processes, meaning that processes would be governed by 
the saturation of the stronger affinities. He later added to this prin
ciple another one which he called the “maintenance of the status 
quo.” With this he referred to a natural resistance of any change of 
molecular configuration.30

29. Thomsen (1882-1886), vol. 1, p. 16.
30. Thomsen (1854c), p. 35; Thomsen (1908), p. 203. The “right of the stronger” 
principle would later be associated with the “right of the fittest” motto in Darwinian 
evolution theory (see Section 7.2).

It was important for Thomsen that his theory not only agreed 
with known facts but also had explanatory as well as predictive 
power. For this reason he supplied his papers with numerous exam
ples of chemical reactions and their thermal effects. Some of them 
related to the question of which metals would interact with acids 
under the evolution of hydrogen gas. In the case of hydrochloric 
acid Thomsen found that the limit was between lead and iron. 
Based upon his thermal theory he argued that whereas diluted hy
drochloric acid would not dissolve lead, a concentrated acid would. 
“I made the experiment and the result agreed perfectly with the 
theory,” he triumphantly commented. Thomsen similarly derived 
from his theory what he considered a novel prediction, namely that 
lead would dissolve in a diluted solution of sulphuric acid:

Pb + H2SO4 -> PbSO4 + H2

This he derived from the inequality
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(Pb, O, SO4, aq) > (H, O),

where the first quantity was 4690 heat units and the second 4300 
heat units. Such a reaction had not been observed, but when Thom
sen boiled pulverized lead with diluted sulphuric acid he noted the 
evolution of hydrogen gas. Again, “the result confirmed my theory 
completely.”31 Yet another phenomenon that he derived from the 
thermal theory and only subsequently verified was the decomposi
tion of concentrated sulphuric acid into hydrogen sulphide. As 
Thomsen saw it, these and many other experiments strongly sug
gested that his thermochemical theory was more than just the sum
mary result of experiments. He considered the principle of heat evo
lution as a measure of chemical affinity to have confirmed 
consequences and for this reason to be the proper foundation of a 
deductive thermochemistry.

31. Thomsen (1852), pp. 161-163.
32. Roscoe to Jevons, 21 February 1854, as quoted in Jevons (1973), p. 66. W. S. 
Jevons became famous for his work in economy, logic and philosophy of science.

Thomsen’s Grundzüge did not attract much immediate attention. 
Among the few who did find it interesting was the young British 
chemist Henry Roscoe who at the time studied under Bunsen in 
Heidelberg and who would later become one of Great Britain’s 
most distinguished chemists. In a letter of February 1854 to his 
cousin, William Stanley Jevons, he reported on current problems in 
chemistry. One of these problems was the nature of affinity about 
which he had spoken with Bunsen. The German chemist, he wrote, 
“said one day to me that all these phenomena of affinity are most 
complicated - depending on so many conditions & actions which 
we can in no way estimate or control - & I believe this is very true.” 
Roscoe continued:

I have been lately studying the subject of the Heat of Chem: Combi
nation - & the connection of the evolved heat in combination with 
that absorbed in Decomposition - It is a most difficult subject - but 
there is a great deal to be done - I have read Thomson’s papers - & 
Joule - & lots of others - also one by Thomsen a Dane - in Pogg: on 
the Formation of a Thermo Chemical system - vy [very] interesting.32
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4.3. An experimental tour de force

After having become professor in Copenhagen with a well-equipped 
chemical laboratory at his disposal, Thomsen engaged vigorously 
in a comprehensive series of accurate experiments in thermochem
istry. The main result of his efforts was a series of papers with the 
common title “Thermochemische Untersuchungen” (Thermo
chemical Investigations) published between 1869 and 1880. Alto
gether the series comprised no less than 32 communications pub
lished in German in either Poggendorffs Annalen (nos. 1-13) or 
Journal fir Praktische Chemie (nos. 14-32). At the same time he pub
lished most of the work in Danish, typically in the proceedings of 
the Royal Academy of Sciences. Thomsen went systematically 
through a large number of inorganic compounds, determining their 
heats of formation and other thermal effects. He only investigated 
few organic compounds, but on this area of chemistry he reported 
in separate publications from the early 1880s. In the third commu
nication Thomsen reported that hydrogen sulphide dissolved in wa
ter behaved as a monobasic acid similar to hydrochloric acid. This 
he concluded from measuring the heats of neutralisation of the two 
acids with respect to sodium hydroxide. Thomsen consequently 
suggested that the rational formula for hydrogen sulphide should 
be HSH rather than H2S. Based on the chemical similarity between 
oxygen and sulphur he similarly proposed to rewrite water as HOH 
and consider it a monobasic acid.33

The refererence to Thomson is to William Thomsen, the later lord Kelvin. Roscoe is 
best known for his contributions to photochemistry and chemical spectrography; in 
1869 he succeeded in isolating the metallic element vanadium.
33. Thomsen (1869d). His results were noticed in Nature! (1870): 407. The pKAvalue 
for H2S is 7.2 and 12.9 for IIS . The corresponding values for H2O and I IO are 15.7 
and 24.

In his experiments on the heat evolution associated with the for
mation of nitrogen oxides, hydrates of sulphuric acid, and other 
compounds, Thomsen noted that the heats apparently appeared as 
multiples of a common constant, an observation which fascinated 
him. Experimentally he found for the smallest amount of heat
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(N2O4 aq, O) = 18.30 kcal

(H2SO4, aq) = 17.85 kcal

(N2, O) = - 18.32 kcal

The regularity led him to suggest that the affinity was in general 
quantised as multiples of a common “caloric constant” given by ap
proximately 18 kcal. Although Thomsen realised that the inference 
was hypothetical only, he found it interesting because it indicated a 
phenomenon that might throw light on the nature of the molecular 
forces. “I have no doubt,” he wrote in 1872, “that on this basis there 
can later be developed a dynamics of the chemical processes ... sim
ilar to the one of the electrochemical theory.”34 He apparently had 
in mind that as there is a smallest amount of electrical charge, so 
there may be a smallest amount of thermal affinity. However, Thom
sen’s suggestion did not lead to the insight he had hoped for.

34. Thomsen (1872c), p. 174. For a couple of years Thomsen published several papers 
on his suggested affinity law.
35. Thomsen (1873d) and Thomsen (1884), p. 15.

Thomsen measured the heat of formation of gaseous HC1 direct
ly by burning dry chlorine in a hydrogen atmosphere; for the other 
halide compounds HBr and HI he used indirect methods. His re
sults showed that the thermal effect was greatest for HC1, much less 
for HBr, and negative for HI. This was as expected since it corre
sponded to the known stability and other properties of the com
pounds. He reported the values, all in kcal,

(H, Cl) = 22.00; (H, Br) = 8.44; (H, I) = - 6.04

However, as Thomsen pointed out at several occasions, considered 
as measures of affinities these values were somewhat ambiguous 
since they related to molecules rather than atoms.35 Strictly speak
ing, they did not prove that the halides’ affinity to hydrogen de
creased with their atomic weights. In the case of chlorine,
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Figure 4.2. Thomsen’s “mixing calorimeter” as he used it in measurements 
of the heat evolved in neutralisation processes. From paper of 1869 pre
sented to the Royal Danish Academy of Sciences.
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(H2, Cl2) = 2 (H, Cl) - (Cl, Cl) - (H, H)

The measured quantity is the one on the left side from which (H, 
Cl) is derived, and similarly for bromine and iodine. However, at 
the time the elementary heats of dissociation such as (Cl, Cl) and 
(H, H) were unknown, which made it possible to assume that the 
heats of dissociation increased with the atomic weight. In that case 
one might conclude that the affinity of the three halides to hydro
gen did not after all vary in the expected manner. When Thomsen 
mentioned the possibility it was not because he believed in it. He 
merely wanted to illustrate that experimental results could in gen
eral be interpreted differently, depending on the assumptions.

The many papers in the series on thermochemical investigations 
appeared separately and in two different journals, and for this rea
son Thomsen felt a need to present his entire corpus of research 
collectively and systematically. As a result, between 1882 and 1886 
the Leipzig publishing house J. A. Barth published what was un
questionably Thomsen’s opus major, a four-volume work comprising 
a totality of 2,015 pages. Apart from volume 4, which was devoted 
to organic chemistry, the book mostly consisted of previously pub
lished material although in some cases with updated results. Vol
ume 1 dealt with the thermochemistry of aqueous solutions, volume 
2 with the formation of compounds of non-metals, and volume 3 
with thermal effects relating to compounds between metals and 
non-metals. Volume 4 contained a detailed exposition of calorimet
ric methods and the instruments used for heat determinations of 
organic compounds. When the substance was not a gas it was 
burned in a “universal burner” designed by Thomsen (Figure 4.3). 
“By means of the universal burner it is possible to bring about the 
combustion of almost all volatile organic compounds of which the 
boiling point in not too high,” he wrote.36

36. Thomsen (1908), p. 19.

In the beginning of volume 1 Thomsen described his specially 
designed thermometers and the “mixing calorimeter” he used for 
measuring the heat in liquid neutralisation processes (Figure 4.2). 
He provided details about his laboratory room of volume 8,000 cu-
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Figure 4.3. Thomsen’s “universal 
burner” used for the combustion 
of organic compounds. Source: 
Thomsen (1908).

bic feet and with double doors and double windows. Moreover, he 
referred to his strict experimental routines, stressing that the room 
was kept at approximately the same temperature throughout the 
year. “The heat effects of chemical processes changes with the tem
perature,” he wrote, “and comparable results are only achieved if 
the temperatures of the experiments are the same. In my work I 
have kept to a normal temperature between 18 °C and 20 °C.”37 

37. Thomsen (1882-1886), vol. 1, p. 23.

152



SCI.DAN.M. 2 PIONEERING THERMOCHEMISTRY

Thomsen further described how he kept his laboratory room at a 
fixed temperature by means of an evaporation device - essentially a 
thermostate of his own construction. “My working hours are from 
12 to 4 o’clock and in this period the temperature only changed in
significantly,” he added. He estimated the change to be less than 0.2 
°C. In his science, as in his life generally, he wanted to be in control.

Obsessed by experimental accuracy Thomsen analysed in detail 
every possible sources of error connected with his calorimeter meas
urements. For example, was the reading of the thermometer a pre
cise measure of the temperature of the substance in the calorimeter? 
Using Newton’s law of cooling he investigated in 1868 the sensitiv
ity of thermometers by means of mathematical methods. Thomsen 
concluded that the heat transport between thermometer and calo
rimeter was negligible: “Without making any appreciable errors 
one can assume that the readings of the thermometer in calorimetric 
experiments agree with the degree of heat of the liquid ... if it is 
kept in a state of constant motion.”38

38. Thomsen (1868), p. 30.
39. Wagman (1992), p. 39.

Thermochemische Untersuchungen was impressive by its sheer amount 
of data. It covered no less than 2,450 measurements on reactions of 
approximately fifty metallic and non-metallic elements with oxy
gen, halogens, sulphuric acid, and nitric acid, and more than 400 
measurements on organic compounds. All the measurements were 
obtained by Thomsen working alone in his laboratory. The wealth 
of carefully systematised data presented in his four-volume work is 
today recognised as the earliest data base for thermochemistry. 
More than a century later a chemist at the U.S. National Bureau of 
Standards wrote about Thomsen’s work that it “has continued to 
amaze me over the years.”39

Although Untersuchungen (as I shall abbreviate the work) was 
throughout based on his thermochemical system it was predomi
nantly experimental, with a large part of it consisting of data ar
ranged in tables. There was but little discussion of theoretical is
sues, although Thomsen used the occasion to modify some of his 
earlier ideas. He now recognised that the relations between affinity 
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and thermal data were more complicated than he had originally as
sumed. In volume 2 of Untersuchungen he explained that the way a 
chemical reaction proceeds depended on four factors: (i) the striv
ing of the atoms towards positions of stable equilibrium corre
sponding to a maximum evolvement of energy; (ii) the resistance of 
molecules to change, which favours reactions attended by the mini
mum evolvement of energy; (iii) the temperature of the reaction; 
(iv) the stability of the possible products at the given temperature.40

40. Thomsen (1882-1888), vol. 2, pp. 460-474. See also Muir (1907), pp. 525-526.
41. Thomsen (1882-1886), vol. 1, p. 3.

In some contrast to his earlier formulations Thomsen was care
ful to point out that thermochemical data alone did not give direct 
information concerning the forces at work in chemical processes. 
The evolved heat was not, after all, an absolute measure of affinity. 
This he illustrated by the negative heat of formation of nitrogen 
oxide, which he expressed as

2 (N, O) = - 43.15 kcal + (N, N) + (O, O)

He similarly pointed out, as he had done earlier, that hydrogen did 
not react with nitrogen despite a heat of formation of

(N, H3) = 11.89 kcal

Thomsen formulated his general insight as follows:

These data are merely expressions of the differences between the en
ergies of the molecules which are decomposed and of those which are 
produced, and ... they are often affected by non-chemical reactions 
which accompany the chemical changes. Nonetheless they form the 
basis for further theoretical investigations. For the higher aim of ther
mochemistry is to establish the dynamical laws of chemical processes; 
to get insight in the enigmatic area of the constitution of the chemical 
compounds, meaning the molecule.41

As we have seen in Section 3.3, Thomsen had for long been aware of
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Fig. i.

Figure 4.4. Thomsen’s calorimeter as he used it in the 1870s and 1880s. 
Source: Thomsen (1908).

the second law of thermodynamics but without trying to incorpo
rate it into his system of thermochemistry and without referring to 
Rudolf Clausius’s notion of entropy. In Untersuchungen he did refer 
to Clausius’s formulation, if only to rephrase his original principle 
of evolved heat as the driving force of chemical processes. He wrote:

Investigations in the domain of the mechanical theory of heat lead to 
the generalization that “the entropy of the world tends to a maxi
mum.” In agreement with this statement is the experience that the 
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great multitude of chemical processes which are accomplished with
out the aid of foreign energy, and are free from by-reactions, are ac
companied by production of heat.42

42. Thomsen (1882-1886), vol. 1, p. 12.
43. Nordisk Revy 1 (1883): 183-185.
44. Thomsen (1905b) and Thomsen (1908). The German version of 1906 was a literal 
translation made by Isidor Traube, a physical chemist: Systematische Durchführung 
thermochemischer Untersuchungen (Stuttgart: F. Encke). Traube visited Thomsen in 1904 
to prepare the translation.
45. Lomholt (1942-1973), vol. 2, p. 73. The publication of volume 4 of Thermochemische 
Untersuchungen was supported by a grant from the Carlsberg Foundation established 
about a decade earlier.

Contrary to some other scientists, Thomsen saw no real conflict be
tween his thermochemical system and the second law of thermody
namics.

The first two volumes of Untersuchungen were positively reviewed 
by the Swedish chemist Otto Pettersson, at the Stockholm Techni
cal University, who found them to be written in a “clear but con
densed” style.43 Pettersson stressed that whereas the thermochemi
cal data would remain correct in the future, their interpretation 
would probably change. He highlighted Thomsen’s experiments 
related to the Guldberg-Waage law of mass action as particularly 
valuable (Section 6.2). The bulky volumes of Untersuchungen were 
widely used by research chemists and in 1905 a much condensed 
single-volume version was published in Danish, to be followed by a 
German translation in 1906. An English translation appeared two 
years later.44 The Danish summary volume was on Thomsen’s re
quest published by the Royal Danish Academy and the costs paid 
by the grant that the company J. P. Suhr and Sons had recently es
tablished in honour of Thomsen (see Section 2.5).45 In the introduc
tion Thomsen wrote: “It is my desire to provide in the Danish lan
guage a permanent record of the large amount of experimental 
work done at one of Denmark’s principal scientific institutes, the 
value of which will surely continue to be appreciated as time goes
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The English version, translated by the young London chemist 
Katharine Burke, differed from the Danish one by including an in
troductory chapter from Thermochemische Untersuchungen in which 
Thomsen described his experimental methods and apparatuses 
used for his thermochemical investigations. It also slightly revised 
Thomsen’s text in the light of the more recent knowledge relating to 
the ionic theory of dissociation. “Many of the statements which Pro
fessor Thomsen has made in these pages are now generally inter
preted by the light of that theory,” Burke pointed out in her pref
ace.46 On the other hand, Thermochemistry left out the postscript that 
Thomsen added to the Danish edition of 1905. Here Thomsen em
phasised that “I have personally performed all the determinations of 
the heat effects of chemical processes; for only in this way could I be 
absolutely sure with regard to the reliability of the results.” Moreo
ver, addressing the younger generation of chemists the ageing 
Thomsen advised them not to “overflow scientific journals with im
mature communications.” Unfortunately, he continued with unin
tended irony, “the spirit of time goes in the opposite direction ... 
Scientific communications appear in minimal doses and attention is 
more oriented towards the numerous details than towards the true 
progress of science.”47

46. Thomsen (1908), p. vii. Katherine Burke (1875-1924) completed her B.Sc, in 1899 
after which she worked at William Ramsay’s laboratory at University College 
London. It was on Ramsay’s request that she made the translation. I far as I can tell, 
she was not in contact with Thomsen. On the other hand, Thomsen was of course 
aware of the translation project of which he had been informed by Ramsay. At a 
meeting of 6 March 1908 in the Royal Danish Academy he presented the English 
book. For a brief account of Burke’s career see Rayner-Canham and Rayner-Canham 
(2008), pp. 99-100.
47. Thomsen (1905b), p. 472. The irony is that Thomsen was a prodigious author of 
scientific articles, many of which were concerned with experimental details. He had 
himself overflown journals with fragmented doses of his research, some of these 
doses being small and unimportant while others were of a more subtantial nature.

By the time that the three book publications appeared they were 
to some extent outdated and of value only because of their exten
sive numerical data. Burke’s translation was reviewed by the young 
and brilliant American physical chemist Gilbert N. Lewis, who at 
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the time was engaged in a comprehensive revision of chemical ther
modynamics that had nothing in common with Thomsen’s system. 
Although he praised the original Thermochemische Untersuchungen as “a 
work which has stood for twenty years as a classic,” he saw no merit 
in the new publication with its “shrewd but antiquated theories of 
chemical affinity.”48 As Lewis pointed out, free energy and other 
concepts of chemical thermodynamics had made Thomsen’s “eso
teric principles” obsolete. He likened the octogenarian Danish pro
fessor to Rip Van Winkle, the fictional American who awakened af
ter a twenty-year long sleep to discover to his surprise and dismay 
that everything had changed.

48. Journal ofthe American Chemical Society 30 (1908): 1193-1194.
49. Thomsen (1882-1886), vol. 1, p. 3. Here quoted from Popular Science Monthly 23 
(1883): 770-773, which brought an English translation of Thomsen’s introduction 
under the title “The Aim of Thermo-Chemical Investigations.”

In the introduction to volume 1 of Thermochemische Untersuchungen 
Thomsen repeated what he considered to be the higher aim of ther
mochemistry, namely to elucidate the nature of affinity and ulti
mately the dynamics of chemical transformations on the molecular 
scale. His chosen branch of chemistry rested on two pillars, he said, 
the atomic-molecular theory of matter and the law of energy conser
vation. The latter pillar “forms the foundation of all quantitative 
thermochemical investigations.” Thomsen elaborated:

Up to the present time, an almost impenetrable veil has enveloped 
the internal structure of the molecules and the time nature of the at
oms. ... We know almost nothing about the nature of the forces which 
dominate in the molecule and which cause the formation and decom
position of compounds. ... Chemical processes do not as yet admit of 
a mathematical discussion in their entire extent, as in the case, for 
example, with the phenomena of physics and astronomy; for the gen
eral mathematical discussion of chemical phenomena we lack that 
which is most important as a basis, namely, knowledge of the funda
mental laws which govern the actions of the atoms. With each dec
ade, however, chemistiy approaches nearer and nearer the exact sci
ences, and already many laws of wider or narrower application are 
being established on the basis of experiment.49
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The investigations of organic substances discussed at length in vol
ume 4 deserve to be highlighted. Thomsen’s general idea was to 
establish a connection between, on the one hand, the assumed 
structure of a compound and, on the other hand, its heat of forma
tion. He argued that when such a connection was established, com
parison between the calculated value and the experimental value of 
the heat of formation of the compound in question would provide a 
test for theories of molecular structure. This line of reasoning he 
had first suggested in a paper of 1869, his first contribution to 
Chemische Berichte, but at the time without developing it to any extent. 
As Thomsen acknowledged, he was inspired by an earlier paper by 
Ludimar Hermann, a German physiologist and neuroscientist 
working at the University of Zurich. Although Thomsen found 
Hermann’s approach valuable, he criticized the conclusions that 
Hermann drew from it. At a first glance these conclusions might ap
pear acceptable, but “a closer and more critical consideration shows 
that they are based on an illusion.”50 Thomsen was confident that 
he could do better and that his own precise thermochemical meas
urements would elucidate the structure of organic molecules and 
the forces binding atoms of carbon together.

50. Thomsen (1869f), p. 483. See also Thomsen (1882-1886), vol. 4, pp. 239-241. On 
Hermann and his little-known contribution to organic thermochemistry, see 
Kubbinga (2001), pp. 1090-1092.

In order to work out the idea Thomsen made use of the general 
principles of thermochemistry and assigned definite thermal values, 
or strengths of affinity, to the various types of chemical bonds, irre
spective of their position in the molecule. These thermal values 
were determined from the heats of formation of molecules of known 
structure which again were based on the experimentally known 
heats of combustion. For example, the heats of formation at con
stant volume of ethane and methane were found to be (C2, H6) = 
104.2 kcal and (C, H4) = 59.6 kcal. Denoting the thermal value of a 
single carbon-carbon bond with V\ and that of a carbon-hydrogen 
bond with r, Thomsen assumed that

(C, H4)=4r and (C2, H6) = 6r +
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From this it follows that P] = 14.8 kcal. His most controversial result 
concerned the thermal values of the double bond and triple bond, 
which we shall look at in connection with his proposal for a model 
of the benzene molecule (Section 5.2).

As another example, Thomsen considered series of homologous 
compounds such as the alkanes C„H2„+2 or the alkenes C„H2„. He 
called the first member of the series and member number a he 
called Ma. For such a series,

Ma = Mi + (a - 1)CH2

Representing the heat of combustion of Ma by TMa, this means

FMa = FMr + (a - 1)D ,

where D is the constant difference found between the heats of com
bustion of two successive members. From measurements of heats of 
combustion of more than 100 substances, Thomsen concluded: 
“The difference between the heats of combustion of two neighbour
ing members in a series of homologous compounds is a constant 
which shows very small variations for the different series.”51 For al
kanes he found D = 158.23 cal and for alcohols D = 158.86 cal. One 
of the organic compounds that Thomsen examined was cyclopro
pane or what was then called trimethylene (C3H6), a substance 
which showed a decidedly “peculiar behaviour.” From its heat of 
combustion he found that the total thermal value of the bonds was 
22.11 kcal/mole or, assuming three bonds, 7.37 kcal for each bond. 
But how could this agree with the value 14.8 kcal for a single bond? 
Thomsen was certain that the anomaly was real but consoled him
self that “it remains as a solitary exception amongst a large number 
of observations.”52

51. Thomsen (1908), p. 382.
52. Thomsen (1908), p. 450. The anomaly was explained by Adolf von Baeyer’s strain 
theory of 1885 according to which the stability of a ring depends on the deviation of 
the chemical bonds from the value ca. 109° found in the tetrahedral structure. The 
deviation of the bonds in cyclopropane from the normal tetrahedral angle explains 
in part its unsaturated character. Modern structural chemistry confirms the basic 
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During the period from about 1870 to 1890, when Thomsen was 
intensely occupied with thermochemical measurements, he also 
published on subjects not directly related to thermochemistry, such 
as inorganic analytical chemistry and organic chemistry. The chem
istry of the complex platinum salts, which earlier in the century had 
been investigated by William Zeise, Denmark’s first professor of 
chemistry, was one of these subjects. Thomsen’s interest was caused 
by experiments of 1867 in which he examined the reactions between 
copper and platinum chlorides in aqueous ammonia.53 It was known 
at the time that reactions of this kind might result in double salts as 
described by Heinrich Magnus in Germany and George Buckton in 
England. Thomsen accidentally discovered a new double salt which, 
contrary to those known, was insoluble in water but soluble in hy
drochloric acid. Based on careful experiments he concluded that 
the structure of the new salt, in his notation, was

features of Baeyer’s classical strain theory.
53. Thomsen (1867), with a German version in Chemische Berichte 2 (1869): 668-671. 
Ten years later Thomsen wrote a paper on the preparation of platinum compounds 
in Zeitschrift fir praktische Chemie 15 (1877): 294-300. On the history and structure of 
these compounds, see Kauffman (1976).

PtCl, NH3 • HC1 + NH2Cu

He similarly wrote the salts of Buckton and Magnus as, respectively,

CuCl, NH3 • HC1 + NH2Pt and PtCl, NH3 • HC1 + NH2Pt

The mentioned salts are coordination compounds whose proper 
structures only became known several decades later. They are today 
written as

[Cu(NH3)4][PtCl4], [Pt(NH3)4][CuCl4], and [Pt(NH3)4 ][ PtCl4]

The first one is Thomsen’s, the second Buckton’s, and the third is 
“Magnus’ green salt” (as it is called).

Another of Thomsen’s research interests concerned various com
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pounds of gold, which he investigated in 1876 and returned to on 
later occasions.54 The five papers he wrote on the subject in the pe
riod 1876-1888 were to some extent spin-offs of his thermochemical 
research programme. In his first paper Thomsen reported a new 
method of preparing auric chloride (AuCl), namely by thermal de
composition of aurous chloride (AuC13) in air heated to 185 °C:

54. Thomsen (1876a). A Danish version of the paper appeared in Tidsskriftfor Physik og 
Chemie 15 (1876): 289-297.

AuC13 —> AuCl + Cl2

He also prepared chloroauric acid (HAuC14) according to the pro
cess

2 Au + 3 Cl2 + 2 HC1 2 HAuC14

In addition he reported preparation procedures of various gold bro
mides, including AuBr, AuBr3 and HAuBr4.

More interestingly, Thomsen produced a finely divided gold 
powder by means of sulphurous acid acting on AuC13, and when he 
exposed the powder to a stream of chlorine gas he obtained about 
600 g of a product in which the chlorine-to-gold atomic ratio was 
close to two. As he observed, the process with chlorine suddenly 
stopped at 12 litre of Cl2 per 100 g Au. This he interpreted as due to 
a new compound, which he described as either (AuC13, AuCl) or 
Au2C14. The new gold chloride was found to be highly hygroscopic 
and to decompose in water as

2 Au2C14 —> Au2C12 + 2 AuC13

The discovery claim attracted little attention until 1887, when two 
German chemists reported that they had failed in obtaining Au2C14 
by Thomsen’s method and consequently doubted its existence (and 
implicitly Thomsen’s expertise). However, in response Thomsen 
proved experimentally that the compound was real; the experi
ments performed by the German chemists were in no way a refuta- 
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tion of his original results. He now reported a fixed atomic ratio of 
chlorine to gold of approximately 2.1. The new results, he wrote, 
“show beyond any doubt that a reaction between gaseous chlorine 
and gold leads to a compound with the composition Au2C14; the 
slight surplus of chlorine must be ascribed to the formation of a 
small amount of AuC13.”55 This time the discovery claim of a new 
compound consisting of gold in two different oxidation states was 
accepted, at least for a time. Thomsen’s discovery attracted consid
erable attention. As the journal Nature commented, “Now that the 
work [of 1876] has been repeated and completely verified there is no 
longer any reason why Au2C14 should remain in the background.”56

55. Thomsen (1888a), p. 106.
56. Nature 37 (1888), p. 398. Thomsen’s compound corresponds to what in modern 
chemistry is called gold (I,III) chloride and ascribed the formula Au4C18. The Danish 
chemist K. A. Jensen (1983, p. 493) suggested that an investigation with modern 
structural methods of Thomsen’s compound “would not be without interest.” To my 
knowledge no such investigation has ever been made.
57. Thomsen (1874) and also in Chemical News 29 (1874): 156.
58. Thomsen (1869e). A German version was published in Chemische Berichte 2 (1869): 
597. See also Kragh and Petersen (1995), pp. 263-264.

In 1874 Thomsen reported a new method of preparing larger 
amounts of hydrogen peroxide or what he called hydrogen hyper
oxide (H2O2), a compound discovered by the French chemist Louis 
Jacques Thenard in 1818.57 Thomsen’s method consisted essentially 
in the preparation of moist barium hydrate peroxide BaO2 from 
which the insoluble sulphate was precipitated by means of a very 
dilute sulphuric acid according to

BaO2 + H2SO4 —> BaSO4 + H2O2

In various modifications Thomsen’s method was commonly used in 
chemical laboratories but it is now obsolete.

Thomsen was not much concerned with organic chemistry and 
yet what is likely the first example of an applied organic synthesis in 
Denmark must be ascribed to him.58 In a brief paper of 1869 he sug
gested a new and more efficient synthesis of chloral hydrate, a com
pound traditionally produced by means of a method Liebig had
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Figure 4.5. Julius Thomsen in the mid-1880s. Woodcut by H. N. Hansen. 
Source: Hansen (1886), p. 759.

demonstrated as early as 1831. Liebig’s method was to add chlorine 
to ethanol,

C2H5OH + Cl2 -> CC3CHO + HC1

and then to let the aldehyde unite with water to form chloral hy
drate:

CC13CHO +H2O ^CCI3CH(OH)2
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Thomsen’s modification kept the first stage in Liebig’s recipe but in 
the second step he boiled the chlorine-ethanol mixture, neutralised 
it with dried chalk and distilled it with melted calcium chloride. He 
reported a yield of approximately 140 % chloral hydrate relative to 
ethanol and with a consumption of chlorine about 4-5 times the 
weight of ethanol. When Thomsen published his paper he was still 
unaware that the German pharmacologist Oskar Liebreich in the 
same year had demonstrated the sedative and hypnotic properties 
of chloral hydrate and introduced it in medical therapy.

Alfred Benzon, a Danish pharmacist and founder of a successful 
chemical-medical business, adapted Thomsen’s method for large- 
scale production but only to discover, undoubtedly to his dismay, 
that what came out of it was a different substance.59 In other words, 
what Thomsen had announced as a method of producing chloral 
hydrate was a mistake. He most likely produced a chlorine alcohol
ate, the net process being

59. Alfred Benzon (1823-1884) was a prominent and wealthy apothecary and 
businessman whose commercial laboratory was one of the first in Denmark. He 
published his work on Thomsen’s method in Tidsskriftfor Anvendt Chemi 2 (1870): 29- 
31.

2 C2H5OH + 4 Cl2 —> CC13CH(OC2H5)OH + 5 HC1

As shown by examinations at the Copenhagen Municipal Hospital, 
the alcoholate had the same sedative effects as chloral hydrate but 
to a much smaller degree. Hence it was neither of medical nor com
mercial interest.

4.4. Contributions of Berthelot and others

At around 1870 classical thermochemistry was recognised as a most 
important part of chemistry, a status that would remain with it for 
about two decades. One indication of the status and popularity of 
thermochemistry was that in 1878 it was indexed under a separate 
heading in the Chemisches Zentralblatt, the period’s leading abstract 
journal for chemistry. At the time the journal reported about fifty 
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papers on thermochemistry per year. Another indication was the 
appearance of several textbooks in thermochemistry in the 1870s 
and 1880s.

Although Thomsen was a pioneer of the field, he was not the 
only chemist who promoted it and contributed to thermochemical 
research. In the 1860s the theory was developed by Friedrich Mohr 
in Germany, Schröder van der Kolk in the Netherlands, and Berth
elot, Henri Saint-Claire Deville and Jean-Baptiste Dumas in France. 
The first textbook in thermochemistry, Grundriss der Thermochemie 
from 1869, was written by Alexander Naumann, a professor at the 
University of Giessen. In accordance with the views of Thomsen in 
Copenhagen and Berthelot in Paris, Naumann based his account of 
thermochemistry closely on the mechanical theory of heat and the 
associated theory of affinity. He stated that “The mechanical theory 
of heat seems ... to be the most appropriate path in order to make 
chemistry approach its final goal, to formulate it as a mechanics of 
atoms.”60

60. Naumann (1869b), p. 2.
61. Jahn (1882), p. 205.

Most workers in classical thermochemistry agreed, but the theo
ry did not necessarily presuppose atoms as real building blocks of 
matter. The “atoms” of the mechanical theory of heat could be con
ceived to be methodological rather than ontological entities, which 
was the view that Berthelot preferred. It was also the view of Hans 
Jahn, a chemist at the University of Vienna, whose 1882 exposition 
of thermochemistry was strongly indebted to the work of Thomsen. 
But contrary to Thomsen, he adopted a phenomenalist attitude. 
“Atomism is not a dogma,” Jahn pointed out. Just as little as ther
modynamics generally, thermochemistry “by no means states any
thing about the real constituents of matter but is a view which al
lows a description of the phenomena in complete correspondence 
with observations.”61

Together with Thomsen, Marcellin Berthelot in Paris was un
doubtedly the leading thermochemist in the second half of the nine
teenth century. Berthelot began his research in thermochemistry in 
1865, at first with theoretical work in which he used as experimental 
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evidence the investigations of Favre and Silbermann; since 1873 he 
supplied them with extensive experiments of his own and of his 
pupils. In 1879 he published in two volumes Essai de Mécanique Chim- 
ique and in 1897, again in two volumes, Ihermochimie. The latter work 
was primarily a compilation of experimental data determined by 
Berthelot and his students and can to some extent be regarded a 
French counterpart to Thomsen’s Untersuchungen. The basic princi
ples of thermochemistry as Berthelot exposed them in these and 
other publications comprised in their essence two statements which 
he derived as consequences of the mechanical theory of heat.

Berthelot assumed equivalence between the quantities of heat 
and what he called the travail mole'culaire of the chemical reactions. 
According to Berthelot’s “principle of molecular work,” as he first 
stated it in 1865, the measure of chemical affinity was given by the 
quantity of heat evolved. In processes where external energy did 
not intervene, this quantity was a constant, depending only on the 
terminal states of the system. Berthelot considered the second prin
ciple - what he called the “principle of maximum work” - to be the 
proper foundation of rational thermochemistry. In one of its several 
formulations it stated that “Every chemical change accomplished 
without the intervention of external energy tends towards the pro
duction of the body or system of bodies which disengages the most 
heat.”62

62. Berthelot (1875b), p. 52.
63. Berthelot (1875b), p. 212. Emphasis added.

The validity of Berthelot’s principle of maximum work was, in 
its earlier formulations, restricted to certain classes of chemical reac
tions but from 1875 onwards he stated it as a completely general 
principle of an almost a priori nature. As he wrote in his paper of 
that year, “every chemical change which can be accomplished with
out the aid of a preliminary work, and without the intervention of 
foreign energy, necessarily happens if it disengages heat.”63 Mécan
ique Chimique he elaborated:

We can conceive of the necessity of this principle by observing that 
the system which gives out the largest possible amount of heat does 
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not possess the energy necessary to accomplish a new transformation. 
Eveiy new change requires the expenditure of work, and this cannot 
be done without the intervention of external energy. A system on the 
contrary which can give out more heat by further reacting has in itself 
the energy necessaiy to effect this change, without the intervention of 
external energy.64

64. Berthelot (1879), vol. 2, p. 421, as quoted in Schelar (1966), p. 114.
65. It is probably not a coincidence that the German-American positivist and anti- 
atomist John Stallo, in his classic Concepts andThemiesof'Modern Physics from 1881, gave 
much attention to Berthelot’s thermochemical system whereas he ignored Thomsen’s 
contributions. See Stallo (1960), pp. 305-310.
66. Quoted in Bensaude-Vincent (1999), p. 90. For Berthelot’s anti-atomism, see also 
Nye (1981). Although he was indeed opposed to the atomic theory, on occasions he 
speculated on sub-atomic particles and the complexity of chemical elements.

Since Berthelot claimed that only those reactions occur spontane
ously which are accompanied by evolution of heat it followed that 
endothermic processes could not take place spontaneously. Berth
elot was as aware of endothermic processes as Thomsen was, but he 
thought that they were somehow influenced by external forces.

While the thermochemical systems of Berthelot and Thomsen 
were both based on the mechanical theory of heat and generally had 
much in common, the two chemists differed in their views on atom
ism.65 As we have seen, Thomsen whole-heartedly supported the 
atomic theory of matter. Berthelot was willing to speculate that 
chemical reactions could be best explained in terms of interactions 
of minute particles, but he stressed that so far these so-called atoms 
and molecules were nothing but hypothetical constructs. His posi
tivistic and strongly anti-metaphysical view of science prevented 
him from accepting atomism as a physical hypothesis. At least seen 
retrospectively his view on atomism was reactionary, such as illus
trated by a controversy of 1877 in which he clashed with the French 
chemist Adolphe Wurtz, a staunch advocate of atomism. Not only 
did Berthelot reject Avogadro’s hypothesis, he also denied that hy
drogen and oxygen molecules consisted of two atoms in combina
tion. As he objected, “Who has ever seen ... a gaseous molecule or 
an atom?”66 In this regard, his views were quite different from those
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Figure 4.6. Thomsen’s arrangement for measuring the heat of formation of 
hydrochloric acid. From paper of 1873 presented to the Royal Danish 
Academy of Sciences.

of Thomsen and the majority of chemists. Through most of his ca
reer Berthelot remained committed to a chemical notation based on 
equivalent weights, with the consequence that still in the mid-1890s 
he wrote the formula of water as HO rather than H2O.

Berthelot maintained the general validity of his principle of 
maximum work for nearly three decades. Only in 1894 did he grudg
ingly admit that it was only approximately true by claiming that it 
was a primitive form of the second law of thermodynamics; for very 
low temperatures it would agree perfectly with the law of entropy 
increase. However, Berthelot was not really convinced that entropy 
was a theoretical tool superior to heat. It worked primarily for re
versible reactions, he said, and these he considered as special and 
unrepresentative kinds of chemical processes. Although Berthelot 
half-heartedly admitted the value of the innovations of Gibbs and 
Helmholtz, he did not conclude that they superseded his own prin
ciples of thermochemistry. “Until the day arrives when one can ap
ply purely thermodynamic definitions to the real mechanisms of 
physical phenomena, entropy will remain an obscure notion and an 
unknown quantity,”67 he wrote. Berthelot did not realise that the 
day had already arrived.

67. Berthelot (1894), p. 1385. See also Dolby (1984), pp. 389-390.
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4.5. Thermochemistry versus chemical thermodynamics

In a historical review of progress in nineteenth-century chemistry 
the British chemist William Tilden described in 1899 the thermo
chemical investigations of Thomsen and Berthelot. Although con
sidering this line of work important he also pointed out that it had 
failed in revealing the dynamical laws that governed chemical pro
cesses. Tilden lamented: “Notwithstanding the labours of half a 
century, thermo-chemistry remains for the most part a mass of ex
perimental results, which still await interpretation.” It is plain, he 
continued, “that successful attempts at generalisation have been 
unsuccessful when considered in a strictly scientific sense.”68 Writ
ing four years later Tilden’s American colleague Frank W. Clarke 
remarked in a similar vein: “To many chemists ... the problems of 
thermochemistry have seemed to be hopelessly complex. Few gen
eral conclusions of unimpeachable validity have been developed by 
thermochemical research, and so, of late years, the entire subject 
has fallen somewhat in disfavor.”69

68. Tilden (1899), p. 34.
69. Clarke (1903), p. 2. The British veteran chemist Henry Armstrong (1927, p. 662) 
wrote: “Thermochemistry seems almost to be a subject of the past. Few to-day will 
realise how great was the interest we took in Berthelot’s and Thomsen’s results as 
they were published.” This section is in part based on Kragh (1984) and Kragh and 
Weininger (1996).

Indeed, considered as front research classical thermochemistry 
had ceased to exist at the time of Thomsen’s death in 1909. The 
once so exciting and progressive Thomsen-Berthelot approach to 
thermochemistry had turned into a degenerating research tradition 
already in the late 1880s, when it was met with insurmountable dif
ficulties and increasing criticism. For a decade or so classical ther
mochemistry sought to maintain its former authority, coexisting 
with its young progressive alternative, physical chemistry, but keep
ing to its own standards. Eventually the inadequacy of thermo
chemistry was realised even by the few chemists who still worked 
within the tradition founded by Thomsen and Berthelot.

In the first volume of Zeitschriftfir physikalische Chemie the eminent 
chemist Lothar Meyer, at the University of Tübingen, read the epi
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taph over the approach of Thomsen and Berthelot. Meyer summa
rised: “One has to recognise that the fundamental hypotheses of the 
thermal theory of affinity have not been supported by observations. 
... Many of the admirers of the thermal theory of affinity, which 
until a few years ago throned in undisputed majesty far above all 
facts, will perhaps find it hard to see it fade away.”70 Although 
Thomsen denied that classical thermochemistry was fading away, 
within a decade Meyer’s evaluation proved right. The Thomsen- 
Berthelot approach was based solely on the first law of thermody
namics whereas the new chemical thermodynamics, an integral part 
of physical chemistry, made full use of the second law as well. The 
difference was crucial.

70. Meyer (1887), p. 140 and p. 143. For a constructivist-sociological perspective on 
the dispute between classical thermochemistry and chemical thermodynamics in the 
late nineteenth century, see Dolby (1984) according to whom “the issue was not 
settled by the reconciliation of rival rationalities, but by the workings of a wider 
socio-historical process.” He argues that “the outcome of the dispute could not have 
been determined purely by rational factors.” In my view, although non-rational 
factors did play a role this is hardly a justified conclusion.
71. Van der Kolk (1864), p. 452.
72. Guldberg and Waage (1867), p. 15. They first presented their work in papers of 

As early as 1864 the Dutch chemist Schröder van der Kolk used 
Clausius’ formulation of the second law to interpret thermochemi
cal data. He argued qualitatively that many chemical processes were 
not in accordance with the principle held by Thomsen and Berth
elot and that the energy is but one component among others in the 
measure of chemical affinity. “Affinity and heats of combination are 
impossible to deduce from each other,” he wrote.71 In their investi
gations of what came to be known as the law of mass action the 
Norwegians Peter Waage and Cato Maximilian Guldberg came to a 
similar conclusion, namely that affinity is not the only factor which 
determines the behaviour of chemical processes. Without mention
ing Thomsen by name, in 1867 they criticised the thermal theory of 
affinity: “The heat evolved during the reactions depends not only 
on the circumstances under which the reaction proceeds. ... If the 
circumstances can change the result of the reaction, then they neces
sarily cause, at the same time, changes in the evolved heat.”72 Guld- 
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berg and Waage wondered how the thermochemical concept of af
finity could possible account for the fact that in most reversible 
decompositions there is no net evolution of heat.

At the time when van der Kolk wrote his paper, the concept of 
entropy had not yet been introduced. This only happened the fol
lowing year when Clausius coined the word for what he initially had 
called Verwandlungseinhalt (content of transformation). He defined 
the entropy difference AS between two states A and B of a physical 
system as

Q denotes the heat exchanged at the absolute temperature T. The 
first chemist to apply the law of entropy increase to chemical pro
cesses may have been August Horstmann, a lecturer in theoretical 
chemistry at the University of Heidelberg. In studies of dissociation 
processes of 1873, such as

PC15 -> PC13 + Cl2

he found that the condition for the equilibrium state corresponded 
to a maximum value of the entropy.73 With a denoting the fraction 
of the un-dissociated substance he stated the equilibrium condition 
as

1864 written in Norwegian. See also Lund (1965). For Thomsen’s contribution to the 
confirmation of the Guldberg-Waage law, see Section 6.2.
73. Horstmann’s 1873 paper has been translated into English in Bulletinfor the History 
of Chemistry 34 (2009): 76-82. On Horstmann and his early contributions to chemical 
thermodynamics and physical chemistry, see Kipnis (1997) and Jensen (2009).

dS
da

Horstmann considered the cause of dissociation to be given by the 
increase in entropy which implicitly was a denial of the thermal 
principles stated by Thomsen and Berthelot. The contributions of 
Horstmann were neither well known nor fully recognised by his 
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contemporaries, and the same was the case with the works of van 
der Kolk and Guldberg and Waage. In a lecture to the Royal Insti
tution in 1875, Lord Rayleigh, a highly respected theoretical physi
cist, criticized the thermal theory of chemical affinity. He deplored 
that “the chemical bearings of the theory of dissipation ... have not 
hitherto received much attention.” Without mentioning any names, 
he alluded to Thomsen and Berthelot: “It is often stated that the 
development of heat is the criterion of the possibility of a proposed 
transformation, though exceptions to this rule are extremely well 
known.”74 Rayleigh’s objection was elaborated by the Russian 
chemist Alexéi Potilitzin, an assistant to Mendeleev, who argued 
that the Thomsen-Berthelot principle could not possibly account 
for the existence of endothermic and reversible reactions.75 The 
German chemist Bernhard Rathke agreed, criticising the principles 
of Thomsen and Berthelot for lacking in precision and facing too 
many exceptions. How, he asked, could these principles account for 
the fact that sulphur burned into SO2 and not SO3 when the heat of 
formation of the latter oxide was much greater than that of the 
first?76

74. Rayleigh (1875), p. 455. The “theory of dissipation” was William Thomson’s 
name for the second law of thermodynamics. It was widely used by British scientists.
75. See report of meeting of the Russian Physical-Chemical Sociey in Chemische Berichte 
12 (1879): 2369-2374. Potilitzin found that on heating a metallic chloride with 
bromine in a sealed tube an endothermic reaction occurs. See also Mendeleev (1892), 
p.539.
76. Rathke (1882), p. 224.

The experimental objections to the Thomsen-Berthelot princi
ple, such as incomplete dissociation, reversibility, and spontaneous 
endothermic processes, had been known for many years but were 
for a long time disregarded by workers in orthodox thermochemis
try. Experiments which did not agree with the Thomsen-Berthelot 
principle were explained away, either by classifying them as excep
tions, lying outside the range of the principle, or by forcing them to 
agree with it by means of more or less artificial assumptions. The 
British chemist Matthew Pattison Muir, at Cambridge University, 
complained that “Statements such as those quoted by Thomsen or 
Berthelot are true, only when an arbitrary separation is made of 
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chemical changes into two parts, and one of these parts is alone 
called chemical.”77 The attempts to rescue the universality of the 
Thomsen-Berthelot principle could not help to appear more and 
more unsatisfactory as counter-evidence and other objections accu
mulated. In 1873 Thomsen reluctantly admitted various anomalies 
indicating that his theory might not have general or absolute valid
ity; or rather, that it was not sufficiently supported by experiments.78 
Only in 1882 did he suggest to modify it, although the modifica
tions were then more cosmetic than substantial.

77. Muir (1884), p. 299. Since 1879 Muir and Thomsen entered a correspondence 
which lasted for more than two decades (Royal Library, TSC).
78. Thomsen (1873a), p. 428. See also Section 4.3 and Section 5.1.
79. Van’t Hoff (1905), p. 86 and p. 88. The correct spelling is van ‘t Hoff (with a space 
after the n), but the name is most often given as van’t Hoff.

Looking back on the development of physical chemistry the 
Dutch chemist Jacobus van’t Hoff, a Nobel laureate and one of the 
pioneers of that theory, wrote in 1905 about the thermal theory of 
affinity: “It seemed a decisive step when Thomsen and Berthelot 
declared that the heat developed in chemical change corresponds to 
the work that affinity can produce. ... Yet, this principle, however 
weighty, is not absolutely reliable.” Van’t Hoff considered the prin
ciple a stepping-stone towards the modern conception. Although it 
belonged to the past, it retained a connection to the present: “The 
Thomsen-Berthelot principle assumes a modified form in the rule 
that a fall of temperature induces the formation of the system which 
develops heat.”79 At about the same time Walther Nernst suggested 
that the principle - which he associated with Berthelot rather than 
Thomsen - might be formulated as a probabilistic rather than abso
lute law of nature. Sure, there were exceptions to the principle but 
it still was highly probable that a chemical reaction would lead to 
the evolution of heat. In this sense the principle contained “a genu
ine kernel of truth,” Nernst suggested. His expressed his balanced 
view as follows:

The claim of this rule to be an absolute law of nature must be reject
ed; and yet the rule does hold too often for us to ignore it entirely. It 
would be as absurd to give it complete neglect, as to give it absolute 
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recognition. ... And so, in this case it is quite possible that, in a clari
fied form, Berthelot’s principle may some time come to have some 
value.80

80. Nernst (1904), p. 689. Many years before quantum mechanics, Nernst believed 
that the laws of nature were generally of a probabilistic rather than absolute nature.
81. See Stachel (1989), pp. 128-130. Some of Einstein’s earliest papers were in the 
area of physical chemistry.
82. For a summary review of the complex history of chemical thermodynamics, see 
Laidler (1993), pp. 83-130.

Of course, what Nernst said about Berthelot’s principle was valid 
also for Thomsen’s. Young Albert Einstein was familiar with the 
Thomsen-Berthelot rule and its limited validity in chemical thermo
dynamics. In 1905 - the same year in which he revolutionised the 
foundation of theoretical physics - he published a review of van’t 
Hoff s revision of the rule of Thomsen and Berthelot.81

To make a long story short, chemical thermodynamics in its 
modern sense was largely established by Josiah Willard Gibbs and 
Helmholtz in the period from 1873 to 1883.82 In monumental pa
pers of 1873 and 1876 Gibbs argued that Clausius’ entropy was a 
property equal in importance to the more intuitively clear quanti
ties such as energy, pressure and temperature. He found it useful to 
operate not with entropy and energy as isolated variables but with 
functions or “potentials” that included both of them. The most im
portant of these combinations is the so-called Gibbs energy, which 
in modern notation is written as

G = H — TS = (U + PV) — TS

U is the internal energy or the system’s total energy, and H = U + PV 
is today known as the enthalpy, a name coined in 1909 by the Dutch 
physicist Heike Kamerlingh Onnes. P and V denote pressure and 
volume, respectively, and the factor PV refers to the external work. 
The heat of reaction A77 is thus a measure of the system’s change in 
energy AG only when no external work is done.

Although Gibbs took pains to demonstrate that his abstract the
ory was also empirically useful, the theory initially had almost no 
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impact at all on either physicists or chemists. In this respect Helm
holtz’s later and independent theory was more successful. In 1882 
Helmholtz introduced what he called the “free energy” (but is now 
known as the Helmholtz energy) as a quantity defined as

F = U - TS

The last term TS he called the “bound energy.” Whereas Fean be 
freely converted into other kinds of energy, TS will always appear as 
heat. Helmholtz commented:

It appears unquestionable that, even in the case of chemical process
es, a distinction must be made between the parts of their forces of af
finity capable of free transformation into other forms of work, and the 
parts producible only as heat. ... I shall distinguish these two parts of 
the energy as the “free” and the “bound” energy. ... [It is] the value of 
the free energy, and not that of the total energy made known by the 
development of heat, which especially determines the direction in 
which chemical affinity can become active.83

83. Helmholtz’ 1882 paper “Die Thermodynamik chemischer Vorgänge” was 
published in the Sitzungsberichte of the Prussian Academy of Science. The quotation is 
from Ostwald (1980), p. 984.

According to Helmholtz a chemical reaction will proceed in that 
direction which involves a change of free energy into some other 
form of energy, which may or may not be heat. The quantity of heat 
produced when a system changes from its initial to its final state is 
given by the difference between the total internal energies of the 
two states. It is this difference which is measured in thermochemical 
experiments. However, the direction of the chemical change is de
termined by the work done by the free energy, and this work cannot 
be found simply by measuring the quantity of heat before and after 
a reaction. Helmholtz said that the older view of Thomsen and 
Berthelot - “which I have myself adopted in my earlier papers” - 
was justified in so far that it was approximately valid in a large num
ber of chemical processes. He derived an important equation for 
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the maximum free energy in a reversible and isothermal process tak
ing place at constant volume:

dF d(F/1") UT——= F — U or \ =---- -
dT dT T2

It followed immediately from the equation that endothermic reac
tions might spontaneously occur, the only condition being

In that case the internal energy would be negative, corresponding 
to absorption of heat. What is generally known as the Gibbs-Helm
holtz equation quickly became a cornerstone of chemical thermody-

• 84namics.
Helmholtz’s chemical thermodynamics and the related work of 

Gibbs, Pierre Duhem, van’t Hoff, and others signified the death of 
classical thermochemistry. Although the limited validity of the 
Thomsen-Berthelot principle had now been clearly demonstrated, 
classical thermochemists hesitated in adopting the new thermody
namics and abandoning the thermal theory of affinity. Thomsen 
was not a foreigner to mathematics but neither he nor most chem
ists of his generation had been trained in the kind of advanced 
mathematics which was the language of the new chemical thermo
dynamics. The theory’s mathematical complexity alone would as- 
sumedly have been enough to keep him away from thermodynam
ics in the style of Helmholtz, Gibbs, and Duhem. In a letter of 1891 
Helmholtz wrote: “Thermodynamic laws in their abstract form can 
only be grasped by rigorously schooled mathematicians, and are 
accordingly scarcely accessible to the people who want to do ex
periments on solutions and their vapour tensions, freezing points, 
heats of solution, &c.”84 85 Whatever the validity of Helmholtz’s view, 
Thomsen belonged to the latter group.

84. The equation was due to Helmholtz and not to Gibbs. An earlier and more 
restricted version of it was obtained by Horstmann in 1872. For Helmholtz’s route to 
chemical thermodynamics, see Kragh (1993).
85. Quoted in Kragh (1993), p. 429.
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The thermal theory of chemical affinity was abandoned, but not 
because it was replaced by another and better theory of affinity. The 
entire concept of affinity, for a century and a half regarded as a cru
cial problem in chemistry, seemed to have lost its magic; at the turn 
of the century it was no longer considered interesting to search for 
mechanical models of chemical affinity. This is not to say that the 
concept disappeared or faded away from the chemical literature, 
but its meaning changed substantially. Ostwald wrote extensively 
about affinity, yet he thought of the concept in a way which was very 
different to Thomsen’s ideas. Physical chemistry redefined the con
cept of affinity to be concerned with processes rather than the rela
tionship of one substance and another. The question of the nature 
of affinity was of crucial importance to Thomsen and his genera
tion, but with the redefinition it was sidestepped. “Most curious of 
all,” wrote van’t Hoff, “we can treat problems of affinity in an abso
lutely trustworthy way, so that calculations furnish a check upon 
experiment, without admitting anything about the nature of affinity 
or of the matter wherein the affinity is supposed to reside.”86

86. Van’t Hoff (1905), p. 89. See also Kragh and Weininger (1996).

The transformation of classical thermochemistry into chemical 
thermodynamics involved a generational conflict in which the 
younger generation developed its own paradigm which the older 
generation would neither understand nor accept. They did not con
sider van’t Hoff s solution to be a climax in their endeavours to un
derstand affinity, but an anti-climax. Leading thermochemists like 
Thomsen and Berthelot had invested too much of their scientific 
prestige in orthodox thermochemistry to change to a new para
digm. Julius Thomsen preferred to ignore the theory of Helmholtz 
and his successors.



CHAPTER 5

Scientific controversies

While some scientists do what they can to avoid controversies, 
Thomsen thrived with them. It was not part of his nature to admit 
errors of his own or pass over errors committed by other scientists 
within his fields of expertise. When he thought he was right, he was 
right. During his long and active life Thomsen was constantly in
volved in disputes of various kinds, some of them minor and some 
major; some of them related to his scientific work, while others were 
concerned with administration, business or local politics. He gener
ally took these disputes very seriously and in some cases he used an 
inordinate amount of efforts on them. During the years 1869 to 1875 
he was particularly busy with scientific controversies related to ther
mochemistry and other branches of the chemical sciences.

In this chapter I cover four controversies of a largely scientific 
nature, although the chosen cases differ widely and could have been 
extended with a few other cases. One of them, his disagreement 
with Hagemann concerning the theory of solutions and the strengths 
of acids, was of a minor nature; it hardly qualifies as a controversy 
in the proper sense of the term as it did not include a public ex
change of views. The first case, on the other hand, was a heated 
controversy that involved both priority issues and the proper un
derstanding of the laws of thermochemistry. Controversies come 
and go, but in this case it remained with Thomsen throughout his 
life.

Controversies in science are more the rule than the exception 
and they have been dealt with extensively by historians and sociolo
gists.1 It is generally agreed that in order for a scientific disagree
ment to qualify as a controversy it needs to be of some duration, be 
expressed in public, and take place by means of arguments and 
counterarguments. Although a scientific controversy must by defini

i. See Engelhardt and Caplan (1987) for various cases of scientific-technical 
controversies and proposals of how to classify them.
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tion relate to science, it almost always involves factors of a non-sci- 
entific nature. Moreover, a controversy is more than just a debate or 
a discussion. Whether individuals or groups, the parties must be 
committed to one of the opposing views and must attack the rival 
view. Only if the relevant scientific community considers the disa
greement worth taking seriously will it evolve into a genuine contro
versy.

5.1. Thomsen versus Berthelot

During the latter half of the nineteenth century, Marcellin Berthelot 
exerted a huge influence on French chemistry and on French sci
ence generally (Figure 5.1).2 A little prior to Berthelot’s first works 
in thermochemistry a special chair was created for him at the Collége 
de France and in the years to follow he worked hard to build up the 
image he wanted of himself, as the unrivalled pioneer within key 
branches of modern chemistry. These branches included not only 
thermochemistry but also organic synthesis, chemical kinetics, 
physiological chemistry, the chemistry of explosives, and much 
more. Indeed, today Berthelot may be best known for his early syn
theses of organic substances which included benzene, formic acid, 
and methane. Even history of chemistry, a subject that Berthelot 
seriously cultivated and wrote on at length, was considered a do
main belonging to the versatile French chemist. As far as thermo
chemistry was concerned, he tended to represent it as a French in
vention with himself as the chief inventor assisted only by other 
French chemists. Berthelot’s principle of maximum work and his 
general conception of thermochemistry came to be associated with 
the prestige of French science (see also Section 4.4). This view was 
bound to cause a collision with the ambitious, competitive and self- 
respecting Thomsen in Copenhagen, according to whom thermo
chemistry was neither a French science nor a Danish science. It was 
his science.

2. See Crosland (1970-1980).

Thomsen had observed with increasing dissatisfaction that his 
own work on thermochemistry did not always receive the recogni-
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Figure 5.1. Marcellin Berthelot. Source: Bulletindela Société Chimique de France 
13 (1913).

tion it deserved and that it was sometimes seen as secondary relative 
to that of Berthelot. The almost complete lack of recognition in 
France annoyed him in particular. His dissatisfaction gave rise to a 
major controversy between two of Europe’s most respected chem
ists.3 For Thomsen it evolved into something like an obsession 

3. The controversy between Thomsen and Berthelot is treated in Kragh (1984) and 
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which followed him throughout his life. As late as 1905 the 79-year- 
old chemist proclaimed the superiority of his measuring methods 
over those used by his French rival by means of his bomb calorim
eter. Thomsen concluded that for volatile and gaseous substances 
the explosion with compressed oxygen in a bomb gave quite unreli
able results.4 He insisted that his own devise, known as the “univer
sal burner,” was superior when it came to most combustion studies. 
Of course, Berthelot flatly disagreed.

Dolby (1984). See also Médard andTachoire (1994), pp. 160-161.
4. Thomsen (1905c).
5. Thomsen (1872a), p. 181 and p. 185.

In March 1872, in a paper in Chemische Berichte, Thomsen opened 
his attack on Berthelot with a devastating critique of the latter’s ex
perimental work and, as he saw it, dubious use of data. The critique 
was methodological and he did not, at this stage, refer to questions 
of priority. Thomsen’s attack was unusually blunt, not to say of
fending. The sad result of Berthelot’s many mistakes and sloppy 
methods was, regrettably, that the French chemist had “loaded the 
scientific journals with a countless number of false and totally unus
able numerical values.”5 In the case of the heat of formation of nitric 
acids (HNO3 and HNO2) Thomsen claimed that Berthelot’s data 
were completely unreliable as he had failed to take into account the 
accumulation of experimental errors. Thomsen further charged 
that when Berthelot’s experimental data failed to agree with his ex
pectations the French chemist forced them to do so by means of 
unfounded hypotheses constructed for the purpose. At the end of 
his paper Thomsen even used the term “fraud” in connection with 
Berthelot’s thermochemical works. It is, Thomsen said, “quite rep
rehensible to fill science with false data based on uncritical armchair 
work.”

Berthelot did not reply directly to Thomsen’s charges, but in the 
summer of 1873 he pointed out an error of observation that Thom
sen had made in one of his measurements. He added: “When I re
veal this error committed by M. Thomsen (and I could cite many 
more of the same order of magnitude) it is to indicate that the data 
of this author do not possess the absolute precision that he attrib- 
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utes to them and in the name of which he confidently condemns the 
work of other scientists.”6 Berthelot relegated the critical remark to 
a footnote, as if to suggest that the dispute with the Danish chemist 
was of no great importance. But he was forced to change his view 
when he read another paper in Chemische Berichte in which Thomsen 
raised the priority issue concerning the foundation of thermochem
istry. Though not directly accusing Berthelot of plagiarism, he con
cluded that Berthelot had done little more than restate the results 
that he had found himself twenty years earlier.

6. Berthelot (1873a), p. 27.
7. See Thomsen (1873a). The quotations are from pp. 423, 427 and 428.

“For the last 6-7 years Mr. Berthelot has at any conceivable op
portunity declared himself the originator of various laws of thermo
chemistry,” Thomsen started his attack.7 But this was a totally false 
claim as Thomsen’s own work was published in the Annalen fourteen 
years before Berthelot began working on the subject. To prove his 
point - that Berthelot had merely repeated what he, Thomsen, had 
stated much earlier - he included long passages of his Annalen paper 
from 1853-1854 and compared them, line by line, with Berthelot’s 
statements. Sure, the distinguished French savant had formulated 
the laws somewhat differently, but the substance was the very same. 
Thomsen summarized:

As will be evident to any unprejudiced reader, twenty years ago I de
veloped the well-known laws of thermochemistry; what is more, I 
tested them by means of numerous examples and applications, and in 
this way confirmed them. The careful reader of the mentioned mem
oirs will also observe that about fourteen years later Mr. Berthelot 
wrote on the same subject but without adding anything of substance. 
On the contrary, due to lack of critical attitude in his use of older 
obseivations he has let a large number of errors pass into the scien
tific literature.

Over the years Thomsen had noted various anomalies that necessi
tated a reconsideration of the thermochemical laws in the light of 
precise experiments. He contrasted his own attitude - the true and 
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honorable scientific attitude - to that of Berthelot. “Instead of los
ing myself in futile speculations concerning the cause of these 
anomalies,” he wrote, “I chose the more difficult but also safer way, 
namely to engage in a comprehensive series of experiments and 
thereby to collect a wholly new and reliable base of data.” Berthelot, 
on the other hand, had chosen “speculations based on imprecise 
experiments” and a detailed study of his work was consequently 
nothing but “a waste of time.” These were strong words that Berth
elot could not ignore. His response came in a paper of 1873 in the 
Bulletin of the French Chemical Society.

Berthelot phrased his response in more restrained language than 
what Thomsen had used. As he pointed out, not unreasonably, “the 
polemics of the Danish professor is kept in a style which the scien
tists he respects do not ordinarily employ.”8 He avoided to attack 
Thomsen personally and pretended to speak on behalf of the French 
scientists and as a guardian of good manners in science. Berthelot 
had chosen to intervene only because it was “in the interest of sci
ence.” His strategy was historical in so far that he suggested that 
most of Thomsen’s original results could be found in earlier au
thors such as Hess, Andrews, and Favre and Silbermann. The cen
tral question concerned Thomsen’s principle of heat evolved in 
chemical reactions which according to Berthelot was “neither origi
nal, nor conforming to all phenomena, nor identical to the principle 
I have proposed.” No, it was a “veritable banality” which had been 
known to science for nearly a century. Berthelot stressed that his 
own two main principles of thermochemistry were quite different 
from those announced by Thomsen both with regard to their sub
stance and with regard to their empirical consequences.

8. Berthelot (1873b), p. 485. See also Berthelot (1875a) in which the French chemist 
criticized Thomsen’s measurements of the heats of formation of iodic acid, 
hypochlorous acid and some other substances. He argued that Thomsen’s values 
were based on objectionable methods and that they were hence inferior to his own 
values.

Berthelot’s dismissal of Thomsen’s principle as being of no sci
entific originality was also addressed to his compatriot Henri Saint- 
Claire Deville who in 1860, years before Berthelot, had proposed a 
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thermochemical concept of affinity similar to that of Thomsen.9 The 
exchange of views of 1872-1873 between Thomsen and Berthelot 
was only the beginning of an extended and embittered controversy 
that would last for more than two decades. The subject of the con
troversy was not only scientific data and their consequences for 
chemical theory. It also concerned, and perhaps even more impor
tantly, which of the two scientists should be credited as the founder 
and doyen of the science of thermochemistry. Both Thomsen and 
Berthelot felt that this honour could not be divided between them. 
In what was perhaps an attempt to advertise his priority to the 
French scientific community, in 1873 Thomsen entered the contest 
for the Prix Lacaze of the French Academy of Science.10 11 However, 
the prize was awarded for physiology applied to medicine, an area 
in which Thomsen’s thermochemical work was largely irrelevant. 
Moreover, his controversy with Berthelot made him unwanted for a 
prize. The elaborate application was a mistake.

g. According to a review article on “Chaleur” (Heat) in Wurtz (1869-1870), pp. 813- 
833. The extensive article referred to numerous French authors, including Berthelot, 
Favre and Silbermann, but not to Thomsen. As mentioned in Section 2.4, Deville 
was the first to develop a commercial method for the manufacture of pure aluminium.
10. The application, a detailed account of Thomsen’s work in thermochemistry, is 
kept in the Thomsen archival material, the Royal Library.
11. Thomsen (1878). See also the “historical note” in Thomsen (1882-1886), vol. 1, 
pp. 78-79.

Thomsen’s attack of 1872-1873 on Berthelot’s methods and sci
entific credibility was reiterated in 1878 in yet another paper in 
Chemische Berichtet Thomsen claimed, as he had done earlier, that 
Berthelot was not only a poor experimenter but also a biased scien
tist who judged experimental values according to whether or not 
they agreed with his own doubtful hypotheses. Berthelot, on his 
side, expectedly criticized some of Thomsen’s measurements for be
ing inaccurate and uninteresting. In the case of the heat of dissolu
tion of anhydrous sodium sulphate and other substances Thomsen 
had found values that Berthelot thought were wrong. His reasons 
for criticizing lesavantprofesseur de Copenhague, Berthelot assured, was 
merely to fix the real values of thermochemical data “and not to di
minish the merit of the work of Mr. Thomsen, whom I set as high as 
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anyone.”12 Thomsen probably doubted the sincerity of his colleague 
and rival in Paris.

12. Berthelot (1878), p. 452.
13. A primitive bomb calorimeter had been used by the Irish chemist Thomas 
Andrews as early as 1848, but it was only with the invention of Berthelot and his 
collaborator, the physicist Paul Vieille, that the apparatus was turned into a powerful 
and versatile instrument for chemical analysis. Although it was usually credited 
Berthelot, and him alone, it was actually Vieille who invented the apparatus which he 
described in an article of 1884, one year before his collaboration with Berthelot. See 
Barkan (1999), p. 145.
14. Fogh (1865-1925) graduated from Dresden Technical University and worked 
1890-1891 with Berthelot in Paris, co-authoring a paper with the French chemist. He 
worked in particular with the thermal properties of thiosulphate salts. Since 1897 
Fogh was employed at the chemical laboratory at the Agricultural College in 
Copenhagen. See Veibel (1943), pp. 143-144 and Médard and Tachoire (1994), p. 
292.

The persistent rivalry between Thomsen and Berthelot can be 
followed through many of their publications in the period 1872- 
1886 and in a few cases even later. Neither of the two chemists wast
ed an occasion to point out the poor methods, illegitimate conclu
sions, and sloppy measurements of the other; or, conversely, to 
claim their own priority and competence. Instead of applying the 
results and methods of each other they jealously stuck to their own 
work and referred to the other only sparingly or for the purpose of 
criticism. As mentioned, as a result of Thomsen’s anti-French feel
ings Berthelot’s bomb calorimeter for combustion in a high-pres
sure oxygen atmosphere was never introduced in Thomsen’s labo
ratory in Copenhagen.13 The apparatus was invented in the 
mid-1880s and caused many foreign chemists to come to Paris to 
acquire first-hand knowledge of it. Thomsen was not among them. 
Despite its undeniable advantages he was unable to accept the use 
of an apparatus developed by his Parisian rival. The only Danish 
chemist who worked on thermochemical subjects at Berthelot’s lab
oratory was Johan Fogh, and he had, perhaps characteristically, no 
connections to Thomsen at all.14

While Thomsen was aggressive and published several anti
Berthelot papers, the powerful Berthelot could afford the more dis
crete tactics of ignoring his colleague in Copenhagen. In Berthelot’s 
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voluminous writings on thermochemistry Thomsen did appear, but 
only as a very secondary figure. Thomsen retorted by omitting 
Berthelot’s name from the condensed Danish version of Thermo- 
chemisehe Untersuchungen he published in 1905 (and therefore also from 
the German and English translations of it). The Thomsen-Berthelot 
controversy was well-known in the chemical community. As late as 
1905 the British physical chemist James Walker referred to the on
going “controversy regarding the accuracy of the methods em
ployed by Thomsen and Berthelot respectively.” The subject of the 
controversy, at the time relating to organic compounds, was this: 
“Thomsen contends that his method is more satisfactory than the 
bomb method as used by Berthelot, and points out that regularities 
are displayed in his heats of combustion for homologous series 
which are absent from those of Berthelot.”15

15. Walker (1905), p. 8.
16. Thomsen (1869c).
17. Thomsen (1891b) and Thomsen (1872b).

Thomsen’s public disagreements with French chemists did not 
begin with his attack on Berthelot in 1872. Three years earlier he 
had published a brief paper in which he criticized the measure
ments that Favre and Silbermann had conducted about 1850 on the 
basis of their mercury calorimeter.16 As Thomsen explained, in the 
case of acid-base neutralisation heats and heats of dissolution of 
some salts, their results differed as much as 30 per cent from his own 
measurements. The measurements made in Copenhagen, Thomsen 
assured, were correct within a limit of only 1 per cent. Silbermann 
had passed away in 1865 and it was thus left to Favre, the Parisian 
veteran in thermochemical measurements, to defend his honour as 
an accurate experimenter. His reply did not satisfy Thomsen, who 
maintained that the mercury calorimeter was unsuited for precise 
thermochemical experiments.17 During the period from 1869 to 
1873 the two chemists exchanged several papers on the subject 
without agreeing on the substance of the dispute.

In one case Favre assisted Berthelot’s cause by hinting that 
Thomsen’s confirmation of the variation of the heat of reaction with 
temperature was not an original work as it illegitimately relied on 
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results first obtained by Favre.18 However, Favre was not really 
Berthelot’s ally, for he got engaged in another dispute, apart from 
that with Thomsen, where Berthelot questioned the reliability of his 
mercury calorimeter.19 At least with regard this question, Thomsen 
and Berthelot agreed. They both considered Favre a potential rival 
and none of them accepted more than one founder of the science of 
experimental thermochemistry.

18. Favre (1874). For Thomsen’s work, see Chapter 6.
19. The intertwined controversies between Thomsen, Favre and Berthelot are 
described in Médard andTachoire (1994), pp. 118-124.
20. See for example Muir (1884), pp. 297-299.
21. Nature 52 (1895): 477. See also Tilden (1899), pp. 30-34, for a similar assessment.
22. The first Davy Medal of 1877 was awarded to Kirchhoff and Bunsen for their 
work in spectral analysis, and in 1882 the medal was shared by Mendeleev and Meyer 
for their contributions to the periodic system.

Berthelot’s claim to be the founder of rational thermochemistry 
was generally accepted by the French scientific community. Outside 
France, Thomsen’s merits were more fully accepted if not, and espe
cially not in Britain, at the expense of the merits of Berthelot.20 At 
the 1895 meeting of the British Association in Ipswich, the chemist 
Raphael Meldola briefly surveyed in his presidential address the 
history of chemistry during the last half-century. “Thermo-chemis
try as a distinct branch of our science,” he said, was founded by 
Hess, Andrews, Graham, and Favre and Silbermann in the 1840s. 
“But the elaboration of thermo-chemical facts and views in the light 
of the dynamical theory of heat was first commenced in 1853 by Ju
lius Thomsen, and has since been carried on concurrently with the 
work of Berthelot in the same field which the latter investigator en
tered in 1865.”21 This was precisely the view of history that Thomsen 
fought to establish.

In 1883 the Royal Society decided to award one of its most pres
tigious medals, the Davy Medal, for pioneering contributions in 
thermochemistry. The honour was shared between Thomsen and 
Berthelot, no doubt to the dissatisfaction of both chemists.22 As 
president of the Royal Society, the biologist and evolutionist Thom
as Huxley motivated the award as follows:
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The thermo-chemical researches of Berthelot and Thomsen have ex
tended over many years... Chemists had identified a vast variety of 
substances, and had determined the exact composition of nearly all 
of them, but of the forces which held together the elements of each 
compound they knew but little. .. .The materials for forming any gen
eral theory of the forces of chemical combination were but scanty and 
imperfect. The labours of Messrs. Berthelot and Thomsen have done 
much towards supplying that want, and they will be of the utmost 
value for the advancement of chemical science.23

23. Presidential address, in Nature 29 (1883): 136-140, on p. 140. See also Proceedings of 
the Royal Society 36 (1883): 76.
24. Berthelot was an atheist and a representative of the Third Republic, while Duhem 
was an orthodox Catholic and strongly anti-Republican; both were positivists, but of 
very different schools. For a full account of Duhem and his relations to Berthelot, see 
Jaki (1984).
25. Duhem (1897), p. 370. See also Dolby (1984) and Berry (1968), pp. 33-35. 
Duhem’s review appears in an English translation in Duhem (2002), pp. 215-234.

One might expect that as Berthelot was supported by the French 
chemical community, so would Danish chemists support Thomsen. 
However, this was not the case. They chose to ignore the contro
versy, which was simply absent from the Danish chemical literature 
in the period.

Although the French chemical community sided with Berthelot 
in his dispute with Thomsen, there was one noteworthy exception, 
namely the physicist, chemist and polymath Pierre Duhem, since 
1894 professor at the University of Bordeaux. Duhem nourished a 
strong antipathy against Berthelot and his dominance over French 
science, not only for scientific reasons but also for political, reli
gious and philosophical reasons.24 An expert in and advocate of 
generalised thermodynamics he considered Berthelot’s thermo
chemistry and principle of maximum work to be outdated, the prin
ciple being nothing but a “ridiculous tautology.”25 In a critical essay 
review of Berthelot’s Thermochimie he launched a full-scale attack on 
the celebrated scientist and his complete misrepresentation of the 
nature of thermochemical processes. Berthelot, he said, had been 
led to commit himself to defend antiquated doctrines against attack 
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from new ideas. “To this sterile and thankless task he employed all 
his ingenuity, all his time, all his labour, ... and today he is too per
spicacious not to recognise that thermodynamics has created, with
out him and in spite of him, the chemical statics to which he had 
dreamed of attaching his name.”26

26. Duhem (1897), p. 392.
27. Duhem (1893), p. 51. In Duhem (1897), p. 370, he supported Thomsen’s 
“incontestable priority” over Berthelot. Thomsen was presumably aware of Duhem’s 
support, but he never referred to the French scientist. As far as I know, there was no 
contact between Thomsen and Duhem.

Although Thomsen was no more a thermodynamicist than 
Berthelot, Duhem nonetheless found it opportune to enter the pri
ority controversy on the side of Thomsen. Not only did he argue 
that Thomsen’s principle was clearer and in better accord with ex
perience than Berthelot’s, he also concluded that the latter’s con
ception added nothing that was not already contained in Thom
sen’s earlier work. As he sarcastically wrote about Berthelot’s 
system, “These diverse propositions furnish the clear and complete 
statement of the thermochemical system; the only thing lacking is 
the name of Julius Thomsen.”27

The controversy between Thomsen and Berthelot was to some 
extent due to differences in temper, scientific style and perspective. 
Thomsen, a citizen of a small country without a great scientific and 
patriotic tradition, was uninterested in forming a school around 
him and his work in thermochemistry. In this respect, Berthelot was 
quite different. Thomsen’s scientific ambition was to gain recogni
tion as the one who had provided thermochemistry with a solid 
theoretical foundation supported by precise and reliable experi
ments. By personality he was a fighting character, often arrogant 
and fiery and highly critical of views which differed from his own. 
He was unwilling to accept that other researchers could substan
tially improve the knowledge of thermochemistry which, he was in
clined to think, was virtually completed with his own investigations. 
Berthelot was a fighter too, and hardly less arrogant, but he was far 
from a loner. Much of his work relied on his assistants and extended 
network of colleagues in France, and he did not identify himself as
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the leader of a single branch of chemistry such as Thomsen did. The 
school of chemistry that Berthelot created included Paul Sabatier (a 
Nobel laureate of 1912) as well as many other French chemists of 
distinction.

Despite their differences, Thomsen and Berthelot had much in 
common. Both scientists advocated an empiricist method and sub
scribed to positivist norms of science; they emphasised that scien
tific laws should be the result of observation and that hypotheses 
should be used cautiously and only if they were closely linked to 
experiments. Perhaps more than Berthelot, Thomsen tended to 
conceive the exact determination of thermochemical quantities as 
an end in itself and consequently judged experimental accuracy as 
the prime virtue of his science. Berthelot’s attitude was less empiri
cist in so far that he conceived the significance of thermochemical 
measurements to lie primarily with their theoretical consequences. 
According to Harry C. Jones, a physical chemist at Johns Hopkins 
University, Thomsen was “the type of mind that delights in accu
rate experimental work.” He admitted that Berthelot’s measure
ments were not “as accurate as those of Thomsen,” but then “Berth
elot made thermochemical measurements for a definite purpose, 
and that was to see to what far-reaching conclusions they would 
lead.”

While Jones considered Thomsen a relatively minor figure in the 
development of thermochemistry, he praised the work of Berthelot. 
The French chemist, he said, “was the first to recognise clearly the 
importance of the study of energy changes, for the foundation of 
development of a real science of chemistry. ... He connected chemi
cal activity in general with thermal changes, and thus gave, in my 
opinion, an epoch-making contribution to chemistry.”28 Thomsen 
may not have read Jones’ book, but if he did he would not have 
been pleased. He would have been much more pleased had he lived 
to read the section on thermochemistry that Walker wrote for the 
1911 edition of Encyclopædia Britannica. According to this source, “Ju
lius Thomsen was the first investigator who deliberately adopted 

28. Jones (1903), pp. 35-36 and p. 42.
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the principle of the conversation of energy as the basis of a thermo
chemical system.”29

29. Encyclopedia Britannica (1911), vol. 26, p. 805.
30. On Kekulé’s theory and the problem of benzene’s structure, see Rocke (1985) 

The rivalry between Thomsen and Berthelot may have been re
lated to the political situation in Europe after the Franco-Prussian 
war, which led to the Third Republic and a seat in the Senate for 
Berthelot. In France there was a wide-spread hostility against Ger
man science and what was felt to be Germany’s attempt to obtain a 
monopoly in science. The prestige of French science was a constant 
preoccupation of leading French scientists, among them many 
chemists. A part of this prestige was Berthelot’s principle of maxi
mum work and French thermochemistry in general. Although 
Thomsen was not a German, and although Denmark in 1864 had 
had its own traumatic experience with the German military forces, 
he and his work in thermochemistry was closely linked to German 
science. Most of his major publications, including the attacks on 
Berthelot, appeared in the Berichte of the German Chemical Society 
or in other German journals.

5.2. The structure of benzene

Thirty years after Michael Faraday first isolated and identified ben
zene in 1825, the structure of the increasingly more important sub
stance was still completely unknown. About the only thing known 
was that its stoichiometric formula, assuming C = 12 in units of H = 
1, was C6H6. Before Kekulé’s breakthrough in 1865 a few sugges
tions regarding the structure of benzene (or “benzol” as it was then 
generally called) were put forward. However, they lacked empirical 
evidence and were scarcely taken seriously. For example, Josef 
Loschmidt’s proposal of 1861 that the structure was 
H2C=C=CHHC=C= CH2, clearly disagreed with the chemical prop
erties of benzene. In 1865 Friedrich August Kekulé presented his 
famous closed-chain formula with alternating single and double 
bonds which a decade later had won broad acceptance among or
ganic chemists.30 However, it was realised - and Kekulé himself real- 
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ised - that the hexagonal formula was not entirely satisfactory. For 
one thing, the three double bonds would expectedly result in ben
zene being strongly unsaturated, which in fact it was not. For an
other thing, if the compound were hexagonal there should be two 
mono-halogen substitutes (C6H5X) and four di-halogen isomers 
(C6H4X2). Experiments indicated that there were only one of the 
former and three of the latter.

Several chemists found Kekulé’s formula to be unconvincing 
and consequently suggested alternatives. For example, in 1867 
Adolph Claus, at the time at the University of Freiburg, put forward 
a “centric” formula without double bonds; and two years later an
other of Kekulé’s former students, Albert Ladenburg at the Univer
sity of Heidelberg, suggested a prismatic model which also had no 
double bonds. Ladenburg’s formula was innovative by picturing 
the benzene molecule as extending in three dimensions, the carbon 
atoms being connected by means of nine single bonds. Although it 
was generally in better agreement with empirical facts than Kekulé’s 
hexagonal structure, few chemists considered it an attractive alter
native. By 1880, when Thomsen turned towards organic structures 
based on thermochemical reasoning, Kekulé’s theory was widely ac
cepted and had entered most textbooks in chemistry.

As mentioned in Section 4.3, Thomsen believed that his general 
method of assigning thermal values to chemical bonds was applica
ble also to organic structural chemistry. By means of measurements 
of heats of formation he would be able to decide which types of 
carbon bonds entered any organic compound which could be 
brought into a gaseous state. Not only had he in this way founded 
organic structural chemistry on a solid experimental basis, he also 
believed that it paved the way for what he considered the ultimate 
goal of chemistry, namely an understanding of molecules from a 
mathematical point of view. This is what he said in Stockholm in 
July 1880, when he presented his ideas to the twelfth meeting of 
Scandinavian scientists: “This work has opened up a wide field for 
investigations which, more quickly than one should perhaps ex
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pect, can bring the chemistry of carbon compounds a big step clos
er to the mathematical sciences.”31

31. Thomsen (1880f), p. 533.
32. Thomsen (1880a), (1880b) and (1880c). See also Kragh (1984).
33. Muir (1885), p. 71.

First and foremost, the method allowed Thomsen to base the 
question of benzene’s structure on the firm ground of experimental 
thermochemistry; or so he thought. He devoted the entire fourth 
volume of Thermochemische Untersuchungen to this ambitious research 
programme, which he first described in papers of 1880.32 As a start
ing point for his investigations he determined experimentally the 
heat of combustion at constant volume of simple hydrocarbons 
such as methane (CH4), ethane (C2H6), propane (C3H8), and ethyl
ene (C2H4). From this he concluded that the amounts of heat which 
corresponded to a single and a double bond were approximately 
the same; even more remarkable, when two carbon atoms united by 
a triple bond (-OC-), the additional thermal value was almost 
zero. In effect, he denied the existence of multiple bonds, as usually 
understood, between adjacent carbon atoms! Although he contin
ued speaking of double and triple bonds, this was merely a con
venient manner of speaking. Denoting the affinities or strengths of 
the bonds by v3 (single), v2 (double) and v3 (triple), Thomsen found

Vx = 14.57 kcal, v2 = vlf v3 = 0

Thomsen thus concluded that compounds which contained double 
or triple bonds according to the usual view were in fact saturated. 
He realised that the conclusion seemed strange as it ran counter to 
the intuition that the number of bonds represents the force required 
to separate two atoms in combination. However, he argued that the 
result, strange as it might seem, was actually supported by the 
known chemical relations of the series of hydrocarbons. Thomsen 
based his entire reasoning on the assumption that the molecule of 
gaseous carbon was diatomic (C2). As critics were quick to point 
out, the assumption lacked experimental justification and for this 
reason alone his conclusions were dubious.33
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Figure 5.2. Thomsen’s model of benzene in three different projections. 
Source: Thomsen (1886a).

It followed from Thomsen’s view that the structure of benzene 
had to be reconsidered. The molecule could not contain double 
bonds, such as was also suggested by its resistance to addition reac
tions of the type

CbHj, + Br2 —> C6H6Br2

“The question concerning the constitution of benzol [benzene] can 
now be given a decisive answer by means of experiments,” Thom
sen confidently wrote. “I can be decided with certainty whether a 
hydrocarbon contains only single bonds or partly single and multi
ple bonds.”34 Apart from the six C-H bonds, benzene contained 18 
bonds or valencies which could be arranged in different ways; only 
two of these agreed with the chemical properties of the compound. 
One of them was Kekulé’s formula with three single and three dou
ble bonds, and another was a structure with nine single bonds. To 
determine the question Thomsen made use of an equation giving 
the heat of formation for a hydrocarbon of structure C„H2„;, namely

34. Thomsen (1880a), p. 136.

(C„, H2m) = - nd + (2m + x + y)r

In this expression d is the heat of dissociation of carbon, r is the heat 
of formation corresponding to a C-H bond, and x andy denote the 
number of single and double bonds, respectively. Inserting experi
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mentally determined values for d and r, Thomsen found the follow
ing heats of combustion for the two possibilities:

(x, y, 2m) = (3, 3, 6) = 846.04 kcal and 
(x, y, 2m) = (9, 0, 6) = 802.23 kcal

On the basis of a series of carefully conducted experiments he ar
rived at 805.58 kcal for the heat of combustion of gaseous benzene. 
The conclusion followed directly: “The six carbon atoms of benzol 
are united to each other by nine single bonds, and the previous as
sumption of a structure of benzol with three single and three dou
ble bonds is not supported by experiment.”35 Thomsen’s conclusion 
was evidently in agreement with Ladenburg’s prismatic structure, 
but in 1880 he did not explicitly endorse this structure and he also 
did not suggest an alternative of his own. This he did only six years 
later. For heterocyclic compounds he similarly suggested single
bond structures. For example, he argued that pyridine, C5H5N, 
consisted of a pentagon of five CH radicals with the nitrogen atom 
outside the ring. The structure of thiophene, C4H4S, was a tetragon 
of CH radicals bound to a sulphur atom.

35. Thomsen (1880a), p. 138.
36. Ramsay to Thomsen, 30 October 1884, 10 November 1884, and 5 March 1887 
(Royal Library, TSC). On Ramsay’s nomination and later career, see Davies (2012).

Thomsen’s entry in the land of structural organic chemistry was 
not well received by specialists in the field. His theory attracted 
some attention, but mostly of the critical kind. In 1884 the young 
British chemist William Ramsay thought that he had found an error 
in Thomsen’s reasoning; however, he was soon forced to admit that 
his objection was invalid. Encouraged by the answer from Thom
sen, three years later 34-year-old Ramsay requested the Danish 
chemist to review his scientific work and recommend him for the 
position as professor at University College, London.36 Thomsen 
complied with the request and Ramsay submitted his testimonial 
together with testimonials from other leading chemists, among 
them W. Ostwald in Riga and P. Waage in Christiania. In 1887 Ram
say succeeded Alexander Williamson in the chemistry chair in Lon- 
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don where he would make his celebrated discoveries of the inert 
gases. Ramsay and Thomsen continued to be on friendly terms.

Despite a general disbelief in Thomsen’s new thermo-structural 
theory, a few chemists of repute found it to be valuable, if not neces
sarily correct. Hans Jahn at the University of Vienna adopted parts 
of Thomsen’s theory, and Lothar Meyer in Tübingen wrote approv
ingly to his colleague in Copenhagen:

If your experiments in mass action, in neutralisation etc. have already 
shown that thermochemistry is suitable for something else than just 
lengthy conversions ä la Berthelot of negative heats of reaction into 
positives ones, then your structural researches now open up a veiy 
wide perspective which even the most dense aromatic fog of colour 
will not be able to obscure.37

37. Jahn (1882), p. 147. Meyer to Thomsen ca. 1887, as quoted in Bjerrum (1909), p.
4983, who gives no date. The letter may no longer be extant.
38. Hartley (1881), p. 161.

The British chemist Walther Noel Hartley, a pioneer of chemical 
spectroscopy, investigated in a series of papers the absorption spec
tra of organic substances. He found that whereas absorption bands 
in the ultraviolet region were present in aromatic compounds, they 
were absent in open chains of carbon atoms. According to Hartley, 
each carbon atom in benzene and its derivatives must be in direct 
union with three other carbon atoms. This result, which contradict
ed the Kekulé model, he considered as support of Thomsen’s ther- 
mochemically based conclusion that “the six carbon-atoms in ben
zene are nine times singly linked with each other.”38

In an extensive and generally sympathetic review the American 
chemist Josiah P. Cooke, at Harvard University, judged Thomsen’s 
theory to be important; but his praise was mixed with more than 
one dose of reservation. “The interest of this investigation depends 
not so much on its results as on its method,” he concluded. “It is a 
bold push beyond the beaten tracks of science, and although the 
first results of the venture must be accepted with caution, the skill 
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displayed calls forth our admiration.”39 Other chemists, including 
Mendeleev and Muir, criticized Thomsen’s confidence in his meth
od and objected to the logic of his argumentation. Mendeleev, who 
had performed his own measurements of the heat of combustion of 
hydrocarbons, suggested that the single-bond benzene formula did 
not follow from Thomsen’s data.40 He doubted if the structure of 
benzene could be inferred from thermochemical measurements.

39. Cooke (1881), p. 98.
40. Mendeleev (1882), which was an extensive German abstract of an article 
Mendeleev had written in Russian.
41. Muir (1884), p. 174 and Muir (1885), p. 72.
42. Pickering (1888). Armstrong (1887), p. 102. On Armstrong’s centric benzene 
model, which was inspired by Thomsen’s theory and had features in common with 
Claus’ model of 1867, see Russell (1971), pp. 252-253.

A perplexed Muir went further. He found Thomsen’s theory, if 
taken at face value, to be nothing but “absurd” and “meaningless.”41 
In England, Thomsen’s thermo-structural theory was also critically 
received by Henry Armstrong and Spencer Pickering. As Armstrong 
pointed out, “if we accept Thomsen’s conclusions in their entirety 
... this would be to acknowledge that our entire system of constitu
tional formulae is based upon a false conception, to which there is 
no possible key.”42 Yet Armstrong agreed with Thomsen that 
Kekulé’s benzene model was probably wrong and that a better al
ternative was a model without double bonds. In contrast to the ma
jority of German chemists, Cooke, Muir, Pickering and Armstrong 
did not dismiss Thomsen’s reasoning completely; they found his 
theory suggestive and sought to modify it in order to bring it into 
accordance with accepted views.

Thomsen’s theory was sharply criticized by some of the German 
chemists, in particular Julius Wilhelm Brühl from Freiburg and 
Friedrich Stohmann from Leipzig. Brühl favoured an alternative 
method of determining the structure of organic compounds, name
ly based on optical measurements of molecular dispersion and re
fraction. Optical methods of this kind attracted much interest at the 
time. Let the refraction index of a substance be n and its density d. 
The British chemist John Gladstone showed in the early 1860s that 
a large number of liquids satisfied the relation
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n — 1
d

= constant

In 1869 the Danish physicist Ludvig V. Lorenz derived from his 
phenomenological theory of light another relation between the two 
quantities. This relation was independently and on a different basis 
derived by the Dutch physicist H. A. Lorentz in 1878 and is there
fore often known as the Lorenz-Lorentz formula.43 According to 
this formula,

43. See Kragh (1991).

n2 — 11
—------- - = constant
n2 + 2d

Moreover, Lorenz showed that the refractivity is additive and the 
formula thus valid also for mixtures of gases and liquids. For a mix
ture of r components it reads

Realising that the refractivity depends on the molecular structure 
Lorenz developed his theory into a method for estimating the size 
of molecules. In a later paper he found in this way for the radius R 
of molecules in the air that R> 1.4 x 1010 m. Lorenz’s method did 
not allow him to estimate an upper bound of molecular size.

Brühl used the Lorenz-Lorentz formula and the Gladstone for
mula to show that the molecular refraction of a compound could be 
calculated by summation of the atomic refractions and in this way 
give information of the structure of the compound. By means of this 
and related spectrometric methods he believed to have confirmed 
Kekulé’s formula for benzene. Not only did Brühl argue forcefully 
and at length against Thomsen’s conclusions concerning benzene, 
he also dismissed his entire thermo-structural theory as based on 
“speculations” and totally out of contact with chemical reality. 
“Thomsen’s so-called theory of heat of formation is unsuited as a 
method of investigating the atomic constitution of chemical com
pounds; the arguments based on it regarding Kekulé’s benzene for
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mula ... have no weight.”44 Thomsen was aware of Brühl’s approach 
to the benzene problem but claimed that it did not contradict his 
view of nine single bonds.45 He also knew of his compatriot Lor
enz’s theory, which he had presented to the Royal Danish Academy, 
but it is unknown if Thomsen discussed the theory and its chemical 
consequences with Lorenz.

44. Brühl (1887), p. 236. On Brühl’s and others’ method of molecular refractivity, see 
Muir (1884), 307-318 and Nernst (1904), pp. 306-313.
45. Thomsen (1880d).
46. Thomsen (1886b), a reply to Stohmann, Rodatz and Herzberg (1886).
47. Stohmann (1886); Stohmann (1887). See also the exchange of views between 
Thomsen and Stohmann in Journalfir Praktische Chemie 34 (1886): 55-56.

Stohmann had worked in Berthelot’s laboratory in Paris, where 
he specialised in experimental thermochemistry. Based on measure
ments with the new bomb calorimeter he questioned Thomsen’s 
measurements of the heat of combustion of benzene. While Thom
sen’s value for liquid benzene, as published in volume 4 of Untersu
chungen, was 791.9 kcal per mole, Stohmann reported a value in 
much better agreement with Berthelot’s earlier determination of 
776.0 kcal. Stohmann and his collaborators in Leipzig found 779.53 
kcal (the modern value is 781.15 kcal). The redetermination was an 
attack on what Thomsen was most proud of, his superb competence 
as an experimenter, and he consequently spent no time before re
sponding to Stohmann’s challenge.46 The disagreement between 
the two chemists resulted in a brief but vigorous dispute in which 
Thomsen maintained the superiority of his measurements.47 Stohm
ann was clearly irritated over what he considered to be Thomsen’s 
stubbornness. He claimed that the quarrelsome Danish chemist was 
unwilling to enter a scientific dialogue and discuss matters impar
tially. In 1887 he declared that it was pointless to continue the dis
cussion. Several years later and with the benefit of hindsight, Nernst 
commented:

It happened by chance that Thomsen, in using his universal burner, 
obtained heats of combustion which were a little too high, and so his 
old values for the heat of combustion of gaseous benzene, when cor
rected, coincide quite well with the value calculated on the assump- 
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tion of nine single bonds. This circumstance, viz. that the values first 
determined by him seemed for the time to speak against the Kekulé 
formula, gave opportunity for much controversy.48

48. Nernst (1904), p. 319.
49. Thomsen (1882-1886), vol. 4, pp. 270-271. Preface dated October 1885.

In their later publications on the benzene problem Stohmann and 
Brühl chose to ignore Thomsen. Although the two German chem
ists agreed in this respect, they disagreed with regard to the formula 
of benzene. While Stohmann maintained that thermochemical data 
ruled out three equivalent double bonds in the molecule, Brühl sup
ported Kekulé’s oscillation hypothesis according to which a carbon
carbon bond in benzene changed rapidly between a single and a 
double bond.

Still at the time when Thomsen completed volume 4 of his Ther
mochemische Untersuchungen, he did not propose a structural formula of 
benzene but merely repeated his earlier results, which he summa
rised as follows:

In none of the [organic] substances which I have investigated - and 
their number amounts to about 120 - do we find an example of a 
substance in which two carbon atoms are bound together more 
strongly than the force of a single bond. ... A carbon atom cannot 
bind to another one with more than one valency; what we usually call 
double bonds are really single, and the compounds must consequent
ly be regarded as unsaturated.49

About a year later, at a meeting of the Royal Danish Academy of 22 
October 1886, he proposed a new and, to his mind, more satisfac
tory benzene formula. This formula or model was based on an octa
hedral structure and it satisfied the requirement of nine single bonds 
that he thought to have proved experimentally.

The new structure was somewhat similar to Ladenburg’s earlier 
model, but Thomsen objected that the prismatic structure, contrary 
to his own, did not have the necessary spherical symmetry that 
would place the six carbon atoms on equal footing. He placed the 
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carbon atoms at the corners of a regular octahedron in such a way 
that each of the atoms was connected to three others by one axial 
and two peripheral bonds (Figure 5.2). As Thomsen demonstrated, 
the model explained the number of di-substituted isomers and it 
could easily be extended to a similar model of the naphthalene mol
ecule C10H8. “There is hardly any doubt,” he said, “that this hypoth
esis is to be preferred over the one commonly adopted [Kekulé’s], 
which does not satisfy either the requirements of a spherical distri
bution of the carbon atoms or their connection by means of nine 
single bonds.”50

50. Thomsen (1886a), p. 185.
51. Brühl (1894). Baeyer received the 1905 Nobel Prize in chemistry for his work on 
organic synthesis of dyes and other substances.
52. Miller (1887), p. 215. See also Vaubel (1903, pp. 463-464) which included 
Thomsen’s formula together with a dozen other alternatives to the Kekulé formula. 
Jones (1903, p. 21) considered Thomsen’s model to be interesting and as a possible 
alternative to the one of Kekulé.

Although Thomsen’s octahedral alternative was known and dis
cussed by a few chemical authors, it did not arouse a great deal of 
interest. At the time the eminent German chemist Adolf von Baeyer, 
at the University of Strasbourg (which was then Strassburg), had 
suggested a revision of Armstrong’s planar-centric formula. Baey- 
er’s formula, which was supported by Stohmann, attracted much 
more attention than Thomsen’s. For example, in an extensive re
view of 1894 Brühl dealt in detail with the alternatives of Baeyer and 
others while he chose to disregard Thomsen.51 Among the few 
chemists who commented on the octahedral formula was Alexander 
Miller, a British chemist, who pointed out that it faced various 
chemical difficulties that did not occur in Kekulé’s conception of 
benzene. Miller concluded that these difficulties of the Thomsen 
formula “outweigh the advantages claimed for it by its author, and 
on this account it may be doubted whether it will commend itself to 
chemists.”52

Yet, as late as 1911 Thomsen’s octahedral model was alive and 
known if not widely accepted. The British physicist and chemist 
Charles Everitt included it as one of several stereo-chemical alterna
tives in his extensive article on chemistry published in Encyclopædia
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Figure 5.3. Thomsen’s 1891 structural formulae for benzene, naphthalene, 
anthracene, and chrysene. Source: Thomsen (1891).

Britannica. As he pointed out, other chemists had proposed spatial 
structures inspired by and closely resembling that of Thomsen. One 
of them was James E. Marsh, who in 1888 proposed a modification 
of Baeyer’s model by adopting features of Thomsen’s octahedral 
formula.53 However, Marsh’s model was peculiar to benzene and 
contrary to Thomsen’s it excluded naphthalene and phenanthrene 
from the class of benzene derivatives.

53. Encyclopedia Britannica (1911), vol. 6, p. 57; Marsh (1888).
54. Thomsen (1891), p. 70.

In 1891 Thomsen reconsidered the structure of aromatic com
pounds on the basis of his thermal theory and Stohmann’s data for 
the heat of formation of five compounds in their crystalline state 
(Figure 5.3). The compounds were benzene (C6H6), naphthalene 
(C]0H8), anthracene and phenanthrene (both C^H^), and chrysene 
(C]8H12). Thomsen’s calculations showed “beyond any doubt that 
not all the bonds in benzene can have the same value, and the same 
holds for other typical hydrocarbons.”54 This implied in effect a re- 
introduction of the double bond in benzene, but Thomsen stressed 
that the so-called double bonds in the aromatic compounds differed 
widely from those in the alkene group. For the strengths of the first 
group he obtained

th = 18.58 kcal and u2 = 29.87 kcal

and for the second group
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= 14.59 kcal and v2 = 13.71 kcal

The aromatic double bond was thus stronger and might be con
ceived as the sum of two single bonds of unequal strength. Although 
his 1891 model for benzene looks very much like the Kekulé model, 
the two were different. Thomsen offered still another picture which 
retained the nine single bonds of his earlier model. But in this pic
ture six of the bonds were peripheral and the other three were cen
tric, more or less like in the earlier centric models.

Thomsen may reluctantly have admitted to himself that his octa
hedral benzene model was a failure. He did not return to it and in 
his Danish 1905 summary volume of his thermochemical investiga
tions he did not refer to the model. On the other hand, he stuck to 
his method of thermo-structural organic chemistry and maintained 
that “benzene does not contain double, but nine single bonds be
tween the six carbon atoms.”55 Thomsen never converted to the 
Kekulé structure.

55. Thomsen (1905b), p. 444.
56. Clarke (1903), p. 3. Frank Wigglesworth Clarke (1847-1931), Chief Chemist of 
the U.S. Geological Survey, is best known as a pioneer of geochemistry, but he also 
contributed to organic chemistry and atomic weight determinations.

In 1903 the American chemist Frank W. Clarke proposed a new 
thermochemical theory of organic substances which to a large ex
tent was based on Thomsen’s data but with conclusions that in 
some respects differed from those of the Danish chemist. Although 
Clarke was careful to praise Thomsen’s work for its accuracy and 
consistency, he also pointed out that “much of Thomsen’s reason
ing depends upon hypotheses which have been more or less ques
tioned, so that although his conclusions are highly interesting, they 
have not won universal acceptance.”56 With regard to the carbon
carbon bonds his results differed completely from those held by 
Thomsen. Clarke argued that the thermal values of the three types 
of bond were the same, which “is directly opposed to the conclu
sions reached by Thomsen, whose opinions are always entitled to 
the highest respect.” Despite Clarke’s expressed respect for Thom
sen, the ageing Danish chemist was not pleased. He totally rejected 
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the theory of the American chemist as speculative and useless. Ac
cording to Thomsen, Clarke’s attempt to reform thermochemistry 
was “completely hypothetical and, since it has not been confirmed 
experimentally, also without any value whatsoever.”57

57. Thomsen (1903), p. 493.
58. See Thomsen (1905d), p. 181 and Lagerlof (1905). Daniel Lagerlof (1855-1919) 
mosdy worked as a chemistry teacher in Helsinki. He published his “Thermochemische 
Studien” in several papers of 1904 m Journalfir praktische Chemie.
59. Thomsen (1905e). The “juvenile” Lagerlof was fifty years old.
60. Muir (1909), p. 47.

Two years later, now 79 years old, Thomsen was again on the 
warpath to defend his thermochemical system. This time he re
sponded vehemently to an alternative theory of thermochemistry 
proposed by Daniel Lagerlof, an undistinguished Swedish chemist. 
In a couple of articles Lagerlof had argued that Thomsen’s theory 
of carbon compounds was erroneous, which caused an angry Thom
sen to respond that the theory of the Swedish chemist was wrong, 
confused and devoid of scientific value. The work of Lagerlof was 
“based on a hypothetical foundation which is demonstrably wrong, 
whereas my theory of the heat phenomena is developed in an exact 
manner and in full agreement with experimental data.”58 Lagerlof 
complained that Thomsen expressed himself categorically without 
specifying or even justifying his critique, and he repeated that 
Thomsen’s theory rested on an inconsistent foundation. Wanting 
the last word in the debate, Thomsen replied that unfortunately La
gerlof was “not open for instruction as he just maintains his hypoth
eses and postulates.” He characterised his Swedish opponent as “a 
somewhat callous type” who demonstrated a “juvenile arrogance.”59

Thomsen went in his grave firmly convinced that his own theory 
was basically correct, but contemporary chemists disagreed. In an 
obituary notice of 1909, Muir, referring to Thomsen’s work on the 
thermochemistry of carbon compounds, suggested that one should 
distinguish between the data and the theoretical interpretations: 
“The data are sure. Personally, I think his theoretical conclusions 
are inadmissible.”60 In fact, not all of Thomsen’s data were sure.

As early as 1887, in the first volume of Zeitschrift fir physikalische 
Chemie, Wilhelm Ostwald opined that Thomsen’s thermochemical 
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approach had met its Waterloo in its failed attack on organic mole
cules. Referring to Stohmann’s superior measurements, Ostwald 
wrote: “It appears almost unbelievable that Thomsen, to whom 
thermochemistry owes so many exceptionally precise data, could 
have made such serious errors. Would also this scientist, like once 
Berzelius at the end of his career, have met in organic chemistry a 
rock at which his art and science was doomed to fail?”61 Thomsen of 
course denied that this was the case. Referring to the omission of 
some of his organic data from Landolt’s and Börnstein’s authorita
tive Physikalisch-Chemischen Tabellen Thomsen protested in a letter to 
Ostwald of 1905 against “such an outrageous treatment from the 
side of one of the main works in German literature.”62

61. Ostwald, in a review of one of Stohmann’s papers, in Zeitschrift für physikalische 
Chemie 1 (1887): 201.
62. Thomsen to Ostwald, 27 January 1905, quoted in Kragh (1984). The 
comprehensive work generally known as “Landolt-Börnstein” was first published in 
1883, edited by Hans H. Landolt and Richard Börnstein. Thomsen referred to the 
third edition of 1905 which actually contained Thomsen’s heats of combustion of 
organic compounds (on pp. 425-426). See also W. Meyerhoff, co-editor of the third 
edition, to Thomsen, 9 November 1903 (Royal Library, TSC).
63. See Fisher (1982) for the history of Avogadro’s law and its diverse interpretations 
by chemists and historians of science. The number of gas molecules in a unit volume, 
or what is known as “Avogadro’s number” (ca. 6 x 1023 per mole), was of course 

5.3. On Avogadro’s law

Still in the mid-nineteenth century there was a great deal of uncer
tainty regarding chemical formulae and molecular weights, and a 
corresponding uncertainty with regard to the reality of atoms and 
molecules. What physicists and philosophers called atoms were not 
necessarily the chemists’ atoms. Some ten years later, in the 1860s, 
much of the uncertainty had disappeared. A major reason for the 
clarification was the general acceptance of the ideas that the Italian 
physicist Amedeo Avogadro had first proposed in 1811. According 
to what became known as Avogadro’s rule or law, equal volumes of 
all gases at the same temperature and pressure contain the same 
number of particles.63 Confusingly, in his paper of 1811 Avogadro 
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did not use the term “atom” but instead coined the word “half-mol
ecule” and spoke of several different kinds of molecules. Whatever 
the terminology, he suggested that elementary gases such as hydro
gen and oxygen did not consist of atoms in the sense of Dalton but 
of molecules combining two or possibly more elementary atoms of 
the same kind (such combinations were ruled out in Dalton’s theo
ry). Instead of writing the synthesis of water as

H + O HO,

Avogadro effectively described it as

2 H2 + O2 -> [H4O2] -> 2 H2O

The symbol [H4O2] denotes a hypothetical intermediary molecule. 
It followed from Avogadro’s reasoning that the weights of most gas
eous elements had to be doubled. Whereas Dalton had found the 
atomic weight of oxygen to be 7.5, according to Avogadro it was 15, 
later to be revised to 16. Alas, his brilliant insight was either ignored 
or rejected. Half a century elapsed until it changed the scene of 
chemistry. When it happened it was largely due to another Italian 
scientist.

In a paper of 1858 Stanislao Cannizzaro, at the time professor at 
the University of Genoa, argued forcefully that a number of chemi
cal problems could be solved on the basis of Avogadro’s hypothesis. 
He showed that the hypothesis provided a safe route to the calcula
tion of atomic and molecular weights. Based on this kind of reason
ing Cannizzaro changed the atomic weights of oxygen, carbon, sul
phur and sixteen other chemical elements; the change was important 
to the slightly later attempts to formulate a periodic relationship 
between the elements. In early September 1860 a large meeting, the 
first international conference of chemistry worldwide, convened in 
Karlsruhe, Germany. It was attended by about 140 of the world’s 
most eminent chemists. As a result of this famous meeting a drastic 
shift in attitude occurred with respect to Avogadro’s hypothesis and 
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its significance for chemistry.64 When Lothar Meyer, who attended 
the meeting, published his influential Die Modernen Theorie der Chemie 
in 1864, he based it to a large extent on Avogadro’s hypothesis. And 
when Walther Nernst published his no less influential textbook 
Theoretische Chemie in 1893, he subtitled it vom Standpunkte der Avogadro- 
schen Regel und der Thermodynamik.

64. For the Karlsruhe meeting and its impact, see Ihde (1961).
65. De Milt (1948) includes a list of the 127 known attendees. See also the original 
account of the French chemist Charles-Adolphe Wurtz which can be found online as 
https://web.lemoyne.edu/giunta/karlsruhe.html.
66. Thomsen (1850a), p. 87. A more extensive exposition of Avogadro’s hypothesis 
and its consequences was given in Jørgensen (1860).

The Karlsruhe meeting was dominated by German chemists but 
also attracted many chemists from other countries, especially from 
France, Italy, Austria, Russia, and Belgium.65 Several Britons 
crossed the Channel to join the congress. Whereas three Swedes 
participated, there were no attendees from Denmark and only one 
from Norway (namely A. Strecker, who was German). At the time 
chemistry in Denmark was at a low level as seen from an interna
tional perspective. The country’s only professor Edward Scharling 
was no longer scientifically active and Forchhammer had for long 
focused on geology rather than chemistry. Julius Thomsen was still 
a relatively unknown physics teacher at the Military High School 
who may not have been considered for the Karlsruhe congress. On 
the other hand, the subjects discussed at the congress were of inter
est to him. In regard of the late recognition of Avogadro’s hypoth
esis it is noteworthy that Thomsen included it in his elementary 
textbook of 1850. Without referring to Avogadro by name, he 
wrote: “Equal volumes of the gaseous elements contain the same 
number of atoms; it follows that the atom-numbers [atomic weights] 
of individual gases must be proportional to their densities.”66

At about the same time as chemists revived Avogadro’s hypoth
esis, mathematical physicists established the kinetic or mechanical 
theory of gases. This kind of theory was first presented by the Ger
man physicist August Krönig in 1856 and in a more elaborated and 
sophisticated form by Rudolf Clausius the following year. In his 
important 1857 paper in the Annalen der Physik Clausius assumed 
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Avogadro’s law in order to deduce the equipartition of kinetic en
ergy among the molecules of a gas. A few years later James Clerk 
Maxwell improved on Clausius’ theory by employing a statistical 
distribution of molecular energies and velocities. In memoirs of 
1860 and 1867 the Scottish physicist emphasised the relation of the 
kinetic (or dynamical) gas theory to Avogadro’s law, albeit without 
referring to it by name. In his 1867 memoir Maxwell stated that he 
could deduce from “purely dynamical considerations ... that for 
every kind of substance the number of atoms, or molecules, in the 
gaseous state ... must necessarily be the same.”67 He referred to gas
es of the same volume and at the same temperature and pressure. 
Although Maxwell’s papers were not well known to the chemists, 
many were aware of those of Clausius and Krönig. As Alan Rocke 
has observed, in the decade before the 1860 Karlsruhe congress 
physicists had come up with a handful of derivations of Avogadro’s 
hypothesis based on the mechanical theory of heat.68

67. Quoted in Brush (1986), p. 197. Brush’s book offers a complete history of the 
kinetic theory of gases.
68. Rocke (1984), p. 291.
69. Naumann (1869); Thomsen (1870b). Naumann to Thomsen, 28 February 1871, 
Royal Library (TSC).

But could Avogadro’s law really be derived as a strict conse
quence of the mechanical theory of gases? In a paper of 1869 the 
physical chemist Alexander Naumann, one of the attendees of the 
Karlsruhe congress, claimed to have done just that. Thomsen, an 
avid reader of the chemical literature, disagreed and pointed out 
what he believed was an elementary error in Naumann’s alleged 
proof.69 The reply led to an extensive exchange of views concerning 
the subject that primarily involved Naumann and Thomsen but 
also attracted the attention of a few other chemists. In a rejoinder to 
Thomsen’s critique Naumann denied any error of his own and in
stead criticized the reasoning of the Danish chemist. The reply 
clearly annoyed Thomsen, who in a paper in Chemische Berichte ex
tended his criticism and detailed his own view concerning the rela
tionship between Avogadro’s law and the mechanical gas theory. 
Thomsen emphasised that his critical remarks were in no way an 
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attempt to discredit Avogadro’s law, the importance and chemical 
fertility of which he fully recognised. His aim was to clarify the law’s 
epistemic status and relation to the new mechanical theory of heat. 
According to him the two theories were different rather than Avoga
dro’s being simply a special case of the physicists’ general theory of 
gases. What the dispute with Naumann was about, Thomsen wrote, 
was this:

It only concerns two physical theories, the mechanical theoiy of heat 
and Avogadro’s law, and the question is whether or not Avogadro’s 
law is a necessaiy consequence of the mechanical theoiy of heat. So 
far the answer is this: The statement that equal volumes of different 
gases under the same external conditions [temperature and pressure] 
contain the same number of molecules does not presuppose the me
chanical theory of heat; on the other hand, this assumption [Avoga
dro’s] does not contradict the mentioned theoiy.70

70. Thomsen (1870c), p. 955.
71. In a Danish review article Thomsen (1871a, p. 69) repeated his view of Avogadro’s 
law being a hypothesis rather than an experimentally proven fact.

To derive Avogadro’s law one would have a means to determine the 
kinetic energy of molecules, Thomsen argued, and no such means 
existed. For this reason the law had the status of an independent 
hypothesis that could be wrong or at least of limited validity with
out consequences for the kinetic-molecular theory of heat.71 Indeed, 
he suggested that the law might not be applicable to all chemical 
phenomena and in particular not to the diffusion of gas mixtures. 
Thomsen considered his disagreement with Naumann to be meth
odological in nature:

Such anomalies are of great importance to the further development 
of the theories and for this reason should not be regarded as immate
rial. Theories are the results of human thought whereas phenomena 
are the language of nature; they are truths which we do not yet fully 
comprehend. When two theories are in disharmony, one or both of 
them must be revised; should it be proved that Avogadro’s law is uni-
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versally valid the chemical theories must be changed accordingly.72

72. Thomsen (1870c), p. 950.
73. Meyer (1871), p. 32.
74. Thomsen (1870c), p. 950 and Thomsen, Chemische Berichte 4 (1871), p. 185.

Thomsen believed that Avogadro’s law was valid, but not for all 
kinds of chemical phenomena and processes; he consequently saw 
no need of changing what he called the chemical theories.

In 1871 Lothar Meyer entered the dispute, stating that he was in 
full agreement with Thomsen’s view of the status of Avogadro’s law. 
He called the law “theoretical chemistry’s brightest lodestar” but 
added the rhetorical question, “who will claim that even it cannot 
also possibly shine with a false light?”73 Despite his general support 
of Thomsen in his dispute with Naumann, Meyer pointed out some 
weaknesses in Thomsen’s arguments. Both of the two discussants 
had assumed that all molecules in a uniform gas have the same ki
netic energy and hence velocity. For example, Thomsen stated that 
the pressure of a gas “according to the mechanical gas theory of 
Krönig and Clausius” could be written

where n is the number of molecules per unit volume, and m and v 
denote the mass and velocity of the molecules. As Meyer pointed 
out, the mechanical theory of heat only referred to average energies 
and average values of the square of the velocity, meaning that the 
correct formula was

1 _ 
P = —nmv2

Thomsen replied that he was well aware of the difference and that 
he had only used the simplified and wrong formula in order to keep 
to Naumann’s arguments.74

The Thomsen-Naumann dispute covered about ten exchanges 
in the scientific literature, including two or three written by other 
chemists. Although Thomsen referred to it as a “fight” (Streit) - and 
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a fight he had won - it was limited to a scientific disagreement and 
did not involve attacks of a more personal nature. The episode dem
onstrates that Thomsen was at the time acquainted with the difficult 
work of Krönig and Clausius (neither he nor Naumann referred to 
Maxwell). Although deeply absorbed in his experimental pro
gramme of thermochemistry, Thomsen apparently found the kinet
ic gas theory and its relation to Avogadro’s law to be of such interest 
that he wanted to spend much of his time on the question. He did 
not return to it in his later work.

5.4. Hagemann and the concept of avidity

In his important memoir of 1869 relating to Berthollet’s affinity 
theory and the Guldberg-Waage law of mass action, Thomsen re
ported thermochemical data on the action of diluted acids and bas
es (see further in Section 6.2). One of his aims was to find a measure 
for an acid’s relative strength. He realised that the heat of neutrali
sation would not do and consequently devised an indirect and more 
involved method based on the heat evolved or absorbed when an 
acid was added to an aqueous solution of a salt of another acid.75 
The first might be sulphuric acid or nitric acid, and the latter soda. 
From the known heats of neutralisation of the two acids with the 
same base Thomsen was able to calculate the proportion in which 
the base was divided between the acids. This was an old problem 
which had first been attacked by Claude Louis Berthollet in his Essai 
deStatique Chimique from 1803. According to the French chemist the 
base was divided in the ratio of the acids’ chemical equivalents or 
what he called their “active masses.”76 However, Thomsen proved 
that this was incorrect and that the division instead followed the 
Guldberg-Waage law of mass action. He found that the final distri
bution of the base, after equilibrium had been established, was the

75. Thomsen (1869a); Thomsen (1869b); Thomsen (1882-1886), vol. 1, pp. 97-148. 
Thomsen had outlined the method as early as 1854, see Thomsen (1854b).
76. Berthollet’s “law” had previously been criticized by other chemists. For a careful 
analysis of Berthollet’s theory and its impact, see Holmes (1962). See also Lindauer 
(1962).
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BASE/AC ID

Figure 5.4. Temperature increase in the neutralisation process between 
NaOH and H3PO4 when mixed in various ratios. The modern data are in 
good agreement with Thomsen’s. Notice that the maximum AT = 9.1 °C 
does not occur at the ratio 3/1, reflecting that the dihydrogen and mono
hydrogen phosphoric acids are not strong. Source: Mahoney et al. (1981).

same as that which resulted when equivalent quantities of the two 
acids and the base reacted mutually.

For example, if equivalent amounts of sulphurous soda, nitric 
acid and sulphuric acid (H2SO4,2 HNO3, Na2SO4) reacted in dilute 
aqueous solutions the distribution was the same as in the system 
(Na2SO4,2 HNO3) and also in the system (2 HNO3, H2SO4). Thom
sen found that two-thirds of the soda combined with the nitric acid, 
and one-third with the sulphuric acid. From this he concluded that 
the “striving” {Bestreben} of nitric acid towards neutralisation was 
twice as great as for sulphuric acid. He found a similar result for 
hydrochloric acid. This Thomsen interpreted as nitric acid (or hy
drochloric acid) being twice as strong as sulphuric acid. In regard 
of sulphuric acid having a much greater heat of neutralisation than 
the two other acids, it was a novel and bold interpretation.77

77. For a modern version of Thomsen’s experiments made by college students, see 
Mahoney et al. (1981) and Figure 5.4. Referring to Thomsen, they comment: “There 
is something very pleasing in the fact that ... freshmen armed with expanded 
polystyrene cups can collectively harmonize with the master calorimetrist himself.”

Thomsen introduced the concept of avidity as a measure of the 
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relative strength of an acid, thus ascribing nitric acid and hydro
chloric acid an avidity which was twice that of sulphuric acid. “This 
peculiar striving of acids towards neutralisation ... I describe by the 
name ‘avidity’,” he wrote.78 Consider an equivalent of the acid A’, 
which reacts with one equivalent of the salt AB of another acidd and 
where B refers to a base. The salt will decompose into x equivalents 
of A and (1 - x) of AB. Thomsen argued that the total thermal change 
written as [AB, A’] could be expressed as

78. Thomsen (1869a), p. 90.

[AB, A'] x[Q4',B) - Q4,B)] + [(1 - x)AB,xA] + [xA'B, (1 - x)A']

The formula was sometimes referred to as “Thomsen’s avidity for
mula.”

In 1869 and later works Thomsen determined the relative avidi
ties of a large number of acids, taking nitric and hydrochloric acids 
to have avidities equal to 1.00 (Table 4). He further demonstrated 
that the avidity was independent of the acid’s heat of neutralisation 
and also independent of the concentration; it only varied slightly 
with the temperature.

We find in Thomsen’s avidity the first measure of an acid’s 
strength as a constant belonging to the acid itself and not to its de
gree of acidity or what later would be called its pH value. Somewhat 
anachronistically it can be regarded as precursor of the later con
cept of acid strength (commonly denoted KA) as given by its degree 
of dissociation in a highly diluted solution. Its full meaning was 
only recognised after the emergence of the ionic theory of dissocia
tion and Ostwald’s law of dilution dating from 1888. According to 
this law, for an aqueous solution of an acid of molar concentration 
C and with a degree of dissociation a, the ratio

a2 A2
Cl^~ CA0(A0-A) “Ka

will be approximately constant. The quantity KA is a dissociation 
constant characteristic for the acid and the symbol

A = crA0
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denotes the electric conductivity, where A = Ao at infinite dilution. 
The order of the acids as determined by Ostwald, but not their rela
tive strengths, agreed in part with those found by Thomsen.

Table 4. Some of Thomsen’s avidity values. Apart from the strong acids, 
the order of the strength of the acids agrees with modern data.

Name Formula Avidity

Nitric acid hno3 1.00
Hydrochloric acid HC1 1.00
Hydrobromic acid HBr 0.89
Hydroiodic acid HI 0.79
Sulphuric acid H2SO4 0.49
Selenic acid H2SeO4 0.45
Trichloracetic acid CC13COOH 0.36
Oxalic acid (COOH)2 0.24
Monochloracetic acid ch2cicooh 0.09
Citric acid (CH2)2COH(COOH)2 0.05
Acetic acid ch3cooh 0.03
Hydrogen cyanide HCN 0.00

The concept of avidity was well known in late-nineteenth chemistry 
but many authors, including Ostwald, preferred the name “affinity” 
rather than avidity to characterise the strength of an acid. On the 
other hand, he recognised Thomsen’s theory to be an anticipation 
of his own, more advanced acid-base theory based on the ionic dis
sociation hypothesis.79 The notion of avidity as an acid constant was 
somewhat controversial. For example, it disagreed with Berthelot’s 
principle of maximum work according to which there could be no 
equilibrium distribution of HC1 and H2SO4 when mixed with a 
base. For this and other reasons the French chemist dismissed 
Thomsen’s theory of avidity. As he saw it, acids could not be as
cribed a definite strength independent of the amount of water in 
which they were dissolved. Pickering, an independent and original 
chemist who was often involved in controversies, found it “incom

79. Ostwald (1902), pp. 777-784.
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prehensible how these ideas of ‘avidity’ could have been accepted 
almost without question.”80 By the early years of the new century 
“avidity” was rarely used any longer, although Thomsen continued 
to do so until his death. It still exists in modern chemistry, but with 
a different and more specialised meaning.81

80. Pickering (1889), p. 29. Like Thomsen, Pickering did all his experimental studies 
by himself, without any laboratory assistant or attendant. See Dolby (1976).
81. Avidity is used in biochemistry to characterise the strength of certain multiple 
molecular interactions, such as between a protein receptor and its ligand.
82. Hagemann’s work is discussed in Vinding (1942), pp. 190-209.
83. Hagemann (1886).

Thomsen’s close friend and former business associate Gustav 
Hagemann was among those who disagreed with Thomsen’s solu
tion theory and the concept of avidity. As mentioned in Section 2.5, 
Hagemann started his shining business career in the production of 
cryolite soda; he subsequently moved into the Danish sugar beet 
industry (De Danske Sukkerfabrikker), which he and others devel
oped into a large and profitable corporation. A successful engineer 
and entrepreneur, he was not a research chemist and yet he main
tained an interest in problems of pure science and theoretical chem
istry. These problems occupied much of his time in the period 1886- 
1889, when he unsuccessfully tried to enter the world of academic 
research chemistry.82 In 1886 he submitted to the University of Co
penhagen a dissertation on “molecular volumes” in the hope of 
qualifying for a doctorate. The university appointed Thomsen and 
S. M. Jørgensen as examiners. But Hagemann never became a doc
tor of philosophy as he chose to withdraw the dissertation, most 
likely after informal consultations with Thomsen who might have 
wished to spare him the humiliation of having it dismissed.

Hagemann’s ill-fated memoir, which he published at his own 
cost in both Danish and German editions, was rather critical to 
Thomsen’s thermochemically based work and no less critical to Os
twald’s volumetric method.83 Among other objections he criticized 
the two distinguished chemists of ignoring the role of water in solu
tion processes, which according to Hagemann were of a chemical 
and not of a physical-mechanical nature. His memoir was critically 
reviewed by Ostwald in Zeitschrift fir physikalische Chemie, where the ris- 
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ing star in German chemistry listed a series of Hagemann’s wrong 
ideas and unjustified deductions. He concluded that the memoir 
was “completely dilettantish.” Neither Ostwald’s sharp criticism 
nor the ill fate of the dissertation discouraged Hagemann, who con
tinued publishing tracts on physical chemistry based on the idea 
that volume change was the proper measure of chemical energy 
changes. He did not supply his arguments with new experiments.

In a memoir of 1887 Hagemann criticized Thomsen’s work on 
avidity in general and his conclusion that the avidity of sulphuric 
acid was half that of nitric acid in particular. He suggested that 
some of Thomsen’s calorimetric measurements were wrong. Moreo
ver, “The avidity formula is substantially false and all the avidity 
values derived from it are wrong.”84 Thomsen reviewed the memoir 
in restrained language, concluding that it was confused and badly 
argued; Ostwald agreed, but expressed himself less restrained and 
much more polemically.85

84. Hagemann (1887), p. 8.
85. Thomsen (1887b). Ostwald’s critique appeared in Zeitschrift für physikalische Chemie 
17 (1887), pp. 199-200.
86. Hagemann (1888).
87. Bjerknes’ theory was not generally accepted, but it inspired a few physicists and 
chemists in the late nineteenth century to take up speculations similar to Hagemann’s, 
that is, to conceive atoms and molecules as oscillating systems governed by the laws 
of continuum physics.

In other publications from the period Hagemann complained 
about the unfair reception of his work and went on developing a 
speculative hypothesis of chemical forces that rested on what he 
called “molecular oscillations.” In order to explain thermal and 
volumetric chemical changes he suggested that heat energy was 
stored in the atomic constituents of matter in the form of wave-like 
oscillations with different frequencies and amplitudes.86 When two 
chemical substances combined, their oscillations would interfere 
constructively. Hagemann believed to find support for his specula
tions in a mathematically complex hydrodynamic theory that the 
Norwegian physicist Carl Anton Bjerknes had developed to explain 
electromagnetism and gravitation on the basis of ether oscillations.87 
From Bjerknes’ calculations and his own experiments with mechan-
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Figure 5.5. G. A. Hagemann at his desk with the statue of Thomsen in 
front of him. Photograph from ca. 1905, as reproduced in Vinding (1942), 
p. 161.

ical models he concluded that two oscillating atomic spheres would 
interact with an inverse-square force of the same type as in New
ton’s law of gravity. Depending on the relationship between their 
phases, the force would be either attractive or repulsive.

Hagemann was convinced that in this way a variety of physical 
and chemical phenomena could be fully explained. His theory of 
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molecular oscillations was as ambitious as it was speculative. It was 
dismissed as amateurish nonsense by Ostwald and Horstmann. 
Thomsen politely ignored it, but one may assume that he most like
ly shared the view of his German colleagues. He was aware of Bjerk
nes’s theory, to which he had been exposed at the 1880 Scandinavi
an meeting in Stockholm and which he found to be fascinating but 
also enigmatic.88 A decade later Thomsen got involved in another 
attempt by a Danish scientific speculator, baron S. P. Wedell- 
Wedellsborg, to generalise theoretical chemistry and physics into a 
unified theory (see Section 7.3).

88. Thomsen (1880f), pp. 533-534.
89. Vinding (1942), p. 45.

It took Hagemann most of five years until he realised that his 
attempt to contribute to chemical theory was a failure. He felt that 
he had been treated unfairly by the German chemists and presum
ably also by Thomsen, who at no stage supported him. Despite 
their disagreements concerning the theories of chemistry, and de
spite Thomsen’s role in the evaluation of his dissertation (whatever 
that role was), Hagemann and Thomsen remained on friendly terms 
and would continue to do so until Thomsen’s death. To say that 
Hagemann respected Thomsen would be an understatement. He 
almost worshipped him. “Throughout his life,” Hagemann’s biog
rapher says, “his feelings toward Thomsen were like those of a 
younger pupil; he did everything possible to please Thomsen, who 
could at times appear tyrannical.”89 In his office Hagemann had 
placed next to his writing desk a large bronze statue of Thomsen, so 
he constantly could be inspired by the great man (Figure 5.5).



CHAPTER 6

Contributions to physical chemistry

Experimental thermochemistry was the branch of science to which 
Thomsen devoted the major part of his scientific life. On the other 
hand, although he had a reputation of a brilliant experimenter and 
narrow specialist he also contributed to other fields of the chemical 
and physical sciences. These contributions were less significant than 
his great work in thermochemistry but still they were of some im
portance and deserve to be recalled. In the period from about 1858 
to 1866, in particular, Thomsen was much occupied with questions 
of a physical and technological nature. These included the energy 
equivalent of light and the construction of batteries and other elec
tric devices. The latter area of research was as much or more ori
ented towards practical applications as towards scientific insight. 
Although not an applied scientist Thomsen always had in mind 
possible applications in technology and industry. This was the 
background for his early work on the manufacture of cryolite soda, 
and he never forgot the lesson based on his success in this area.

What is today called physical chemistry emerged in the 1880s 
but with roots longer back in time. One of the roots was thermo
chemical research and Thomsen was also engaged in other of the 
roots, in particular equilibrium processes and the theory of solu
tions. Experiments from the early 1880s led him to doubt the then 
popular hydrate theory of solutions, and in an important paper of 
1869 he examined in detail the new law of mass action which had 
been proposed by Guldberg and Waage in Norway. These topics 
would soon acquire a new meaning within the framework of physi
cal chemistry as established by Ostwald, Arrhenius and van’t Hoff. 
Thomsen stood at the side-line in this development, unable or rath
er unwilling to accept the new ideas based on osmotic pressure, 
thermodynamics, and the theory of ionic dissociation in solutions. 
And yet he was involved in the development, if only indirectly and 
somewhat peripherally. Ostwald, who was initially inspired by 
Thomsen’s thermochemical work on affinity, took him seriously 
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and met with him personally. When Thomsen died in 1909 general 
or physical chemistry had undergone a major transformation, and 
some would even say a revolution. But not according to Thomsen 
who preferred to close his eyes to the new approaches that threat
ened to make his life-work obsolete or at least less important.

6.1. The energy of light

Although Thomsen was very much a chemist, at a few occasions he 
contributed to physical research with work in optics and electricity 
in particular. After all, for several years he served as a teacher of 
physics at the Royal Military High School and so was part of Den
mark’s small community of physicists in the post-Ørsted era. One 
of his contributions, a pioneering paper of 1865 on physical optics, 
merits attention because it was the first determination ever of the 
mechanical equivalent of artificial light. The famous Austrian phys
icist-philosopher Ernst Mach praised Thomsen for having estab
lished photometry “on quite a new basis” and for having measured 
“in absolute physical units the quantity of light emitted from a light 
source in unit time.”1 Curiously, Thomsen’s important paper is 
missing not only from Stig Veibel’s bibliography of 1943 but also 
from Thomsen’s own list of his publications dating from 1905.2 
Most likely Thomsen’s investigation was inspired by his more prac
tical interest in the problems of public gas lighting in Copenhagen 
which caused him to examine the luminosity and economic efficien
cy of various types of gas burners.3 Another inspiration was his gen
eral interest in the unity and convertibility of the forces of nature. 
As heat and chemical change were closely connected, so were heat 
and light.

1. Mach (1926), p. 30.
2. Veibel (1943); Thomsen (1905a).
3. Thomsen (1863c) and also Thomsen (1863d). On this line of practical research see 
also Section 8.2 and Hyldtoft (1994), pp. 143-144. Danish historians of science have 
apparently been unaware of Thomsen’s work of 1865, which today is almost 
unknown.

Thomsen’s investigation was quite independent of the physical 
nature of light, a question which was under transformation at the 
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time. It was also independent of the tradition in physics to measure 
the pressure that light possibly exerts on a body and which goes 
back to the eighteenth century. Only in 1902 did the Russian physi
cist Peter Lebedev prove conclusively the feeble light or radiation 
pressure which was predicted theoretically by Maxwell’s electro
magnetic theory nearly three decades earlier. But all this was of no 
relevance to Thomsen who was solely concerned with the energy of 
light and not with its constitution or mechanical pressure.

Investigations of the thermal energy associated with light go 
back decades before the discovery of energy conservation and was 
initially restricted to solar radiation. In 1800 the famous British as
tronomer William Herschel examined the heating effect of sunlight 
and in this way discovered what he first called “calorific waves” or 
“invisible light” but eventually became known as infrared rays or 
just IR. With the wave theory of light and the Italian physicist Mac
edonia Melloni’s development in 1831 of the thermopile - a detec
tor based on the thermoelectric effect - the infrared spectrum was 
understood as an extension of the visible spectrum at long wave
lengths. Shortly after Herschel’s discovery, and inspired by it, Jo
hann Wilhelm Ritter in Germany, a close friend of Ørsted, found 
the “chemical rays” that characterised the new ultraviolet or UV 
part of the solar spectrum.

While Ritter’s discovery marked the birth of photochemistry, a 
branch of chemical research that attracted intense attention in the 
nineteenth century, chemists saw no reason to deal with the infrared 
rays. It was an area of science primarily investigated by astronomers 
and solar physicists, who were interested in measuring the total 
amount of solar heat received at the surface of the Earth. The first 
approximately accurate value of this quantity, known as the solar 
constant, was determined by the French physicist Claude Servais 
Pouillet in 1838, who obtained the value 1.73 cal1 cm2 min1 (the 
modern value is 1.95 cal1 cm’2 min1). As it turned out later in the 
century, most of the Sun’s heat is in the infrared area. Based on 
Pouillet’s value, in a paper of 1852 William Thomson calculated the 
mechanical equivalent of sunlight but without considering other 
sources of light.

Thomsen’s approach was very different. He was not interested in
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the Sun but in the amount of heat represented by the visible light 
emitted by any kind of artificial light source. As Mayer, Joule and 
Colding had measured the mechanical equivalent of heat, so he 
wanted to measure the mechanical equivalent of light. He first com
municated his experiments on the issue at the meeting of Scandina
vian scientists held in Stockholm in July 1863, and the same year he 
published his result in an article written in Danish. A briefer version 
in German and English followed two years later. As he wrote: “That 
the luminous ray exerts a mechanical action cannot be doubted; but 
as to its magnitude, there are at present no determinations. I have 
proposed to determine this, at all events approximately.”4 This he 
did by first filling a glass bulb with hot water; he measured the heat 
emitted from the bulb by means of a thermopile and compared it to 
the reduced temperature of the water. As he noted, the loss in tem
perature arose partly from radiation and partly from cooling by 
contact with the air, and Thomsen was interested only in the first 
factor. To isolate this factor he compared the reading of the thermo
pile with the reading obtained when the water was replaced by a 
sperm oil candle, a light source commonly used at the time. Similar 
experiments with gas flames convinced him that the unit of light 
energy per minute corresponded to the burning of 8.2 g of sperm 
oil in an hour.

4. Thomsen (1865b), p. 246. The paper was originally published in German as “Das 
mechanische Aequivalent des Lichts,” Annalen der Physik und Chemie 125 (1865): 348- 
352. The Danish version was Thomsen (1863d).

However, Thomsen wanted to measure the effect of the lumi
nous rays only, and for this purpose he filtered out the infrared heat 
rays by letting the radiation pass a 20 cm thick layer of water. He 
tested the method by means of the gas burner that Robert Bunsen 
had invented ten years earlier, using it with and without access of 
air. Further investigations led him to conclude that a layer of water 
of the mentioned thickness completely absorbed the infrared rays 
and only transmitted visible light (he did not refer to the ultraviolet 
light). Thomsen could now measure the heating effect of the visible 
light and found that a light source with an intensity corresponding 
to a candle burning 8.2 g per hour would in one minute radiate vis
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ible light energy of the magnitude 3.6 cal. By taking into account 
the reflection of light in the glass walls the result was refined to 4.1 
cal per minute. Expressed in mechanical terms he stated his conclu
sion as follows:

The unit of the quantity of work in a second, that is, 1 kil. [kg] raised 
to a height of 1 metre in a second, is equal to that which the luminous 
rays contain which issue from a source of light whose luminous in
tensity is 34.9 times as great at that developed by a candle which 
burns 8.2 grms. [g] of spermaceti in an hour.5

5. Thomsen (1865b), p. 249.
6. Mach (1926), p. 30. 1J = 107 erg = 0.239 cal.
7. Farmer (1866). Moses G. Farmer (1820-1893) made several inventions in electrical 
technology, including multiplex telegraphy, new designs of dynamos, and forms of 
incandescent electric light.

This rather convoluted statement was later translated as follows: a 
surface of 1 cm2 receives per second 23.5 ergs from the normally in
cident luminous rays from a sperm oil candle, which burns 8.2 g of 
sperm oil per hour.6 Thomsen suggested that this was the maximum 
value and that its true value might be somewhat lower if of the same 
order of magnitude. At the end of his paper he promised to “con
tinue the investigation with more intense light, as solar and the elec
tric light.” However, this did not happen, possibly because he was 
about to change his physics position at the Military High School to 
a chemistry professorship at the University.

Thomsen’s paper, published in both German and English, at
tracted considerable attention in the physics community. Moses 
Farmer, an American inventor and electrical engineer, reported on 
experiments with strong electrical arc light made in Boston by 
means of a large battery of Bunsen cells, and from these experi
ments he derived a value for the mechanical equivalent of light 
which was in “remarkable close agreement with the results of Pro
fessor Thomsen.”7 Friedrich Mohr, one of Germany’s leading chem
ists and an early advocate of the doctrine of energy conservation, 
dealt in critical detail with Thomsen’s determination of the mechan
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ical equivalent of light. Although he found it to be interesting, he 
concluded that light as a form of energy was far less important than 
heat; as he pointed out, whereas heat was an expression of molecu
lar motion, this was not the case for light.8 In 1889 the German 
physicist Ottokar Tumlirz, an assistant of Mach at the German Uni
versity in Prague, reconsidered Thomsen’s experiments and calcu
lated a better value of the mechanical equivalent of light on the ba
sis of improved experiments.9 He stated the value as 0.0056 cal s1 = 
0.34 cal min1 and related it to contemporary measurements of the 
solar constant made by the American astrophysicist Samuel Lang
ley.

8. Mohr (1868), pp. 54-57.
9. Tumlirz (1889).
10. Nichols and Coblentz (1903), p. 267.

Still at the turn of the century Thomsen’s method attracted in
terest among physicists, astronomers and engineers. For example, it 
was further developed by the Swedish physicist Knut Angstrom, a 
specialist in the study of solar radiation (and the son of Anders J. 
Ängström after whom the length unit 1 Å = IO'10 m is named). As two 
American physicists noted in 1903, “Ever since the publication of 
the paper of Julius Thomsen on the Mechanical Equivalent of Light 
...it has been the general practice of students of artificial illumina
tion to estimate radiant efficiency by some modification of his 
method.”10 However, with later developments the method and the 
very notion of a definite mechanical equivalent of light became ob
solete.

While Thomsen did not include economic and engineering as
pects in his German paper of 1865, he did so in the earlier Danish 
version. As he pointed out, the energy efficiency of the commonly 
used light sources was very low, with the heat-to-light ratio varying 
between approximately 300 (sperm oil) and 1000 (gas). “The way 
we use light is extremely wasteful,” he wrote, suggesting that in the 
future new low-temperature sources of light would replace the ones 
currently in use. Perhaps, he speculated, the illumination system of 
the future might be based on chemically phosphorescent substanc
es. The nature of such substances was not well known at the time, 
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but Thomsen suggested that phosphorescence was due to changes 
in the molecular configuration of the substance. “Should it become 
possible to make phosphorescent light with a high luminosity the 
lighting devices will surely be radically transformed,” he wrote.11 
Low-temperature and economy-efficient light technologies of a new 
type would become a reality much later, if in the form of electric 
LED and CFL light bulbs based on fluorescence and not on natu
rally occurring phosphorescent bodies.

11. Thomsen (1863d), p. 206.
12. Thomsen (1882-1886), vol. 1, pp. 149-308.

6.2. Chemical phenomena: dilution and equilibrium

From time to time Thomsen contributed to areas of chemistry which 
became important in and were classified as belonging to physical 
chemistry. These contributions were not part of a definite line of 
work aimed at physical chemistry but results that he derived from 
his general research programme of thermochemistry. In this section 
we discuss three such contributions, one relating to the hydrate 
theory of solutions, another to the Guldberg-Waage law of mass ac
tion, and the third dealing with the influence of temperature on 
heats of reactions.

In his extensive work on acid-base neutralisation processes 
Thomsen found that when equivalent quantities of different acids 
were neutralised by the same strong base, such as NaOH, the 
amount of heat evolved by strong acids was not significantly greater 
than that evolved by weak acids.12 For example, his measurements 
resulted in an evolved heat of 13,740 calories when one mole of 
NaOH was neutralised by HC1 and 13,450 calories for formic acid 
(HCOOH). This and other data obviously conflicted with the gen
erally held view that the amount of evolved heat was a measure of 
the strengths of the affinities. Arrhenius’ ionisation hypothesis of
fered an explanation for the apparently anomalous behaviour, for 
according to this hypothesis the neutralisation process was essen
tially independent of the particular chemical compounds, namely 
of the form
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H+ (aq) + OH (aq) -► H2O

However, Thomsen refrained from interpreting his neutralisation 
data as support for ionic dissociation. From his studies of the heats 
of hydration of salts containing water Thomsen suggested in 1885 
that the molecular weight of liquid water might be twice that of 
water in vaporous form.13 He realised that the suggestion was in
compatible with the ordinary valence ascribed to oxygen and prob
ably for this reason he did not pursue the idea. However, other con
temporary chemists suggested that liquid water should be 
represented as (H2O)2 rather than H2O and others again that water 
molecules existed in complex isomeric structures.

13. Thomsen (1885) and Thomsen (1882-1886), vol. 3, p. 181. The same conclusion 
was independently argued by F.-M. Raoult in France, who based it on his studies of 
the freezing points of solutions.

The theory of solution processes played a crucial role in physical 
chemistry as it emerged in the late 1880s. Although Thomsen never 
accepted Arrhenius’ ionic theory of dissociation he was involved in 
the earlier attempts to understand what happens when a salt or 
acid, or some other compound is dissolved in water. This question 
he investigated by means of thermochemical methods in the third 
volume of Untersuchungen, where he reported about 300 calorimetric 
experiments on the thermal effects due to the union of an anhy
drous salt with varying amounts of water. He found that the first 
molecule of water was stronger bound than the subsequent mole
cules, as shown by the different thermal effects. Following up on 
this line of research Thomsen investigated systematically the change 
of the heat of solution with varying amounts of water in other strong 
electrolytes. One of his aims was to establish whether definite hy
drates were formed in aqueous solutions. He reasoned that if this 
were the case, the heat of solution should vary discretely with the 
added water, indicating the formation of hydrates; on the other 
hand, if no hydrates were formed one would expect a nearly con
tinuous variation.

The theory of solution was a hot topic of chemistry in the 1880s, 
where a “hydrate theory of solution” was accepted by many chem-
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log(n )

Figure 6.1. Heat evolved when mixing one mole of sulphuric acid with n 
moles of water. The circles are Thomsen’s experimental data and the dotted 
line for n > 1600 represents the values calculated from his empirical formu
la; the solid line shows modern results. Source: Leenson (2004).

ists. According to this theory, when a salt or a strong acid was dis
solved in water the solvent first formed hydrates and these would be 
dispersed throughout the liquid. Mendeleev, who had favoured a 
theory of this kind since 1865, suggested that all the water com
bined with the dissolved compound; at different concentrations the 
density and other physical properties of the solution would change 
as one hydrate replaced another hydrate. Another prominent chem
ist who endorsed the hydrate theory was Berthelot in France, and in 
one version or other it was also defended by several British chem
ists. However, after 1887 the various hydrate theories were criticized 
by Arrhenius and other supporters of the new physical theory who 
regarded them as contrary to the ionic theory of dissociation. Ac
cording to Arrhenius and most other “ionists,” water played only a 
passive role in the solution process. Although ionic dissociation was 
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generally accepted by the turn of the century, in the case of strong 
electrolytes versions of the hydrate theory continued to attract at
tention. When Thomsen entered the subject in the mid-1880s, the 
hydrate theory was popular if somewhat controversial.

Thomsen performed more than 400 dilution experiments with 
weak and strong electrolytes, among which his work on sulphuric 
acid merits particular attention.14 When concentrated sulphuric 
acid is mixed with water, a large amount of heat evolves. This had 
been known for long but Thomsen was the first to examine the phe
nomenon systematically and in detail. As mentioned in Section 4.2, 
he had begun investigations on the subject already in the early 
1850s; what he published thirty years later was to some extent an 
elaboration of his earlier work. Thomsen showed that the maximum 
rise in temperature was no less than 159 °C and that it occurs when 
one part by weight of the acid is mixed with 0.330 part of water, or 
approximately one mole acid mixed with five mole water.

14. On this issue, see Leenson (2004).

Starting with the anhydride SO3 Thomsen formed the acid 
H2SO4 and from there added water in proportion to the acid. For 
the dilution process

H2SO4 • 4 H2O + 5 H2O -4 H2SO4 • 9 H2O

he found an evolved heat of 2.559 kcal, which agreed almost per
fectly with the measured heat capacities before and after the pro
cess. To measure the very small temperature changes at high dilu
tion he used an optical tube which he claimed could measure the 
temperature with an accuracy of 0.001 °C. If n represents the num
ber of gram-molecules (or moles) water he found that the evolved 
heat measured in kilo-calories for dilutions n = 1 to n = 3 were 6.379, 
9.418, and 11.137. All his data could be approximately represented 
by an expression which Thomsen stated as

(H2S04,nH20) =
17.860h

n + 1.7983

229



JULIUS THOMSEN. A LIFE IN CHEMISTRY AND BEYOND SCI.DAN.M. 2

This was in qualitative agreement with what he had found in 1854, 
but based on much more precise experiments. No signs of discrete 
jumps were visible, which made Thomsen conclude:

One sees that the fixed points can be united by a regular curve, and 
that throughout, there are nowhere any signs of an irregularity, such 
as would indicate the formation of definite hydrates. ... The heat 
evolved on diluting liquid sulphuric acid with water is a continuous 
function of the water used, and excludes absolutely the acceptance of 
definite hydrates as existing in the solution.15

15. Thomsen (1882-1886), vol. 3, p. 8.

According to Thomsen the only hydrate was H2SO4 = SO3 • H2O 
whose heat of formation amounted to more than one half of the to
tal heat. He thought that other hydrates such as H2S2O7 might be 
formed, but on solution in water it would be transformed into the 
ordinary acid:

H2S2O7 + H2O —> 2 H2SO4

In general Thomsen concluded that hydrates higher that those 
known in solid form did not exist in aqueous solutions. For acids he 
proposed the general formula

In this expression C and x are two empirically determined constants, 
C corresponding to Q at infinite dilution where n —> 00. However, as 
Thomsen was aware, some of his data for highly diluted solutions 
did not agree with his formula (see Figure 6.1). He even reported 
measurements at n = 400 in which the heat decreased slightly with 
dilution, but suggested that these aberrations were unimportant 
and might be explained as a contraction effect.
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“The generally accepted ‘hydrate theory’ of solution can scarcely 
be expected to survive the dissemination of Thomsen’s researches,” 
wrote Muir in a textbook on thermochemistry published in 1885.16 
Another British chemist, Spencer Pickering, called Thomsen’s re
sults “indeed remarkable,” pointing out that the results were “in 
direct opposition to Berthelot’s, and have gained ready acceptance 
among chemists.”17 One can imagine that Thomsen was pleased to 
have shaken the authority of his rival in Paris. However, Pickering 
did not accept Thomsen’s conclusions. Favouring his own version 
of the hydrate theory as an alternative to ionic dissociation he ar
gued that Thomsen’s curve was in fact irregular and that it did not 
exclude the formation of higher hydrates.

16. Muir (1885), p. 167.
17. Pickering (1890), p. 94. On Pickering’s critique of parts of Thomsen’s 
thermochemical work, see Section 5.4.
18. Magie (1907), pp. 138-139. Jones (1903) defended another ionic version of the 
hydrate theory. According to Jones’s “solvate theory of solution” dissolved substances 
combined with more or less of the solvent. See also Servos (1990), p. 77.

Indeed, Thomsen’s measurements could be interpreted both as 
arguments for and against the hydrate theory. This, as well as the 
enduring influence of his work, is illustrated by a paper by the 
American physicist William Francis Magie, at Princeton University, 
who as late as 1907 wrote:

The evidence which proves an efficient interaction between the solute 
and solvent, and a modification of the properties of the solvent, was 
discovered by Julius Thomsen. On investigating the heat capacities 
of many aqueous solutions of electrolytes, Thomsen found that... the 
heat capacity of a dilute solution is less than that of the water which 
enters into it. It is manifestly inadmissible to ascribe a negative heat 
capacity to the solution. ... We are therefore forced to believe that the 
solute, or some part of it, interacts with the surrounding water in such 
a way as to diminish the heat capacity of the water.18

Magie was in favour of an “association theory of solution” which 
incorporated aspects of the ionic theory with the hypothesis of for
mation of unstable hydrates.

231



JULIUS THOMSEN. A LIFE IN CHEMISTRY AND BEYOND SCI.DAN.M. 2

Even more important for the future development of physical 
chemistry was Thomsen’s paper of 1869 on the law of mass action 
developed by Guldberg and Waage to which we have already re
ferred in sections 4.5 and 5.4. Cato Guldberg, a mathematician at 
the Royal Norwegian Military Academy, and his brother-in-law Pe
ter Waage, professor of chemistry at the University of Christiania, 
developed their theory of mass action in three stages, at first in 
splendid isolation from European mainstream chemistry.19 In what
ever of the stages the theory was highly abstract and mathematical 
and the law of mass action appeared in forms quite different from 
the modern textbook version. In 1864 they presented their theory to 
the local Academy of Science and Letters and three years later they 
developed it into a publication in French entitled Etudes sur les Affinités 
Chimiques. In 1879 they published a modified version in German 
which was in part based on the theory of molecular collisions and 
reaction velocities. Thomsen, who was undoubtedly aware of the 
Norwegian paper of 1864, referred only to Etudes, which for this rea
son is the most relevant source in the present context.

19. For the history and content of the Guldberg-Waage law of mass action, see Muir 
(1907), pp. 400-409, Partington (1964), pp. 588-595, and Lund (1965).
20. Quoted in Partington (1964), p. 591.

In 1867 Guldberg and Waage stated as their opinion that “noth
ing can so soon bring chemistry into the class of the truly exact 
sciences as just the researches with which this investigation deals 
...a branch of chemistry which, since the beginning of the centu
ry, has unquestionably been far more neglected than it deserves.”20 
Thomsen very much shared their wish of turning chemistry into 
an exact science. Guldberg and Waage suggested that the affinity 
between substances might be described not by the evolved heat 
but by the forces acting between molecules; these unknown forces 
might sometimes be balanced by forces governing the reverse re
action and thus lead to a state of equilibrium. For the affinity forc
es they argued that they were proportional to the product of the 
concentrations or what they called the “active masses” of the sub
stances. For each substance, its active mass was the concentration 
raised to a certain power to be determined by experiment; in their 
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first publications they did not relate the exponents to stoichiome
try.

For the resultant force responsible for a reaction such as A + B —> 
A’ + B’ Guldberg and Waage coined the name “coefficient of affini
ty.” Assigning the affinity coefficient of this process the symbol k 
and describing the active masses with the letters/), q,p’ and q’ (refer
ring to A, B, A’ and B’, respectively), the force of affinity between A 
and B would be the product kpq. For the reverse process it would be 
given by k'p'q', meaning that the condition for the state of equilib
rium could be written as

kpq = k'p'q'

As Guldberg and Waage wrote: “After having determined the active 
masses of p, q, p' and q', one can find the ratio between the coeffi
cients k and f. On the other hand, having found the quotient k'/k, 
one can calculate in advance the result of the reactions for an arbi
trary initial state of the four substances.” With P, Q, P’ and (/ repre
senting the number of molecules before the reactions starts, and x 
the number of molecules of A and B transformed into A’ and B’ 
when equilibrium is established, they found

k'
(P — x)(Q -x) = + xXQ' + *)

“With the aid of this equation, one easily determines the value of x.” 
Guldberg and Waage satisfied themselves that their law was at least 
approximately correct by comparing it with own experiments and 
also with results obtained by Berthelot and his collaborator Pean de 
Saint-Gilles, who in 1862 had studied the equilibrium involved in 
the esterification of acetic acid by ethanol, that is

CH3COOH + C2H5OH -> CH3COOC2H5 + H2O

The work of Guldberg and Waage offered for the first time some 
promise of a quantitative evaluation of affinity, but still by the late 
1860s it was almost unknown to the international chemical commu
nity. In his paper of 1869 Thomsen did much to make it better 
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known, to clarify its meaning, and to substantiate the law of mass 
action by means of thermochemical experiments.21 Moreover, al
though his interest focused on the problem of affinity, his work was 
also an important contribution to the development of the concept 
of chemical equilibrium.22 Thomsen first rewrote what he called 
“Guldberg’s theory” in the form

21. Thomsen (1869a), pp. 94-101, and similarly in Thomsen (1882-1886), vol. 1, pp. 
118-123, and Thomsen (1908), pp. 150-153. For some reason Thomsen always 
referred to Guldberg’s theory or law, whereas he consistently left out the name of 
Waage, his chemical colleague in Christiania.
22. As noted in Lindauer (1962).
23. The equation in Thomsen (1869a), p. 94 contains an error, as the quantity tr 
appearing on the left side should be x.
24. Thomsen (1869a), p. 101.

1
k(a — x) (ß — x) = — (y + x) (Ö + x)

«1

With n = kk\ he then derived a complicated equation giving x in 
terms of n, a, ß, y and 5.23 To find the value of n he used as an exam
ple the case where one equivalent of sodium sulphate reacts with 
one equivalent of nitric acid in a dilute aqueous solution (a = ß = 1, 
y = 5 = 0). As mentioned in Section 4.5, he had shown that in this 
case x = 2/3, from which n = 2 followed. The general formula for x 
could then be reduced to

6x = 4(a + ß) + y + <5 — [4(cr + /?)+/ + S]2 — 12 (4 a/? — yä)

This equation could be used to find the amount of chemical change 
as given by x in all reactions involving sulphuric acid, nitric acid 
and sodium sulphate. As Thomsen showed, this could be done by 
measuring the thermal values of the reactions, and these experimen
tal values could then be compared with the ones derived from the 
law of mass action. The result was an unequivocal verification of the 
law: “It turns out that in all cases where we have made use of Guld
berg’s formula we obtain a close agreement between the quantity of 
decomposition calculated according to this formula and the value 
derived from experiment.”24 Thomsen found that the discrepancy 
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between theory and observation in his series of experiments only 
varied between two and three per thousand. He did not comment 
on the critical remarks that Guldberg and Waage had made against 
his thermal theory of affinity (see Section 4.5).

Thomsen’s confirmation of the law of mass action, published in 
a widely read German science journal, was important in making the 
theory of the two Norwegians better known. For example, it was 
Thomsen’s 1869 paper that alerted young Ostwald to the theory 
and thus contributed to his career path in physical chemistry.25 The 
paper was extensively reviewed in the German popular science jour
nal Gaea, which found Thomsen’s critique of Berthollet’s principle, 
his notion of avidity, and his confirmation of the Guldberg-Waage 
law to be of great importance.26 Many years later the famous British 
physicist Joseph J. Thomson, director of the Cavendish Laboratory, 
published a treatise in which he applied general dynamical methods 
to a number of physical and chemical phenomena.27 Thomson was 
at the time much interested in the borderland between physics and 
chemistry, including topics such as dissociation, chemical equilib
rium, and diluted solutions. He was well aware of Thomsen’s Unter
suchungen, to which he referred. When sulphuric acid reacted with 
sodium nitrate, the process was usually written as

25. See Servos (1990), p. 22, who describes Ostwald’s reading of Thomsen’s paper as 
“a formative encounter.”
26. Emsmann (1870).
27. See Thomson (1888). The book was based on a lecture course at the Cavendish 
Laboratory in the autumn of 1886.
28. Thomson (1888), pp. 226-227, referring to Thomsen (1882-1886), vol. 1, p. 121. 
Thomson did not believe that as much as 90 per cent of a dilute solution of HC1 was 
dissociated (p. 213). When he became aware of Arrhenius’ ionic theory of 

H2SO4 + 2 NaNO3 -> Na2SO4 + 2 HNO3

But it was also possible that the “molecule of sodium nitrate” was 
represented by Na2N2O6 and the one of nitric acid by H2N2O6. To 
decide between the two possibilities Thomson made use of the ther
mal effects that the Danish chemist had first measured in 1869 for 
different proportions of the involved substances.28 By interpreting 
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Thomsen’s data dynamically Thomson concluded that in very di
lute solutions the molecules were probably of the form HNO3 and 
NaNO3, but in stronger solutions they were represented by H2N2O6 
and Na2N2O6.

In a book of 1912 Arrhenius referred to Thomsen as an early 
advocate of the law of mass action:

Julius Thomsen, the renowned Danish thermochemist, was very well 
acquainted with the work of Guldberg and Waage and probably he 
was influenced by it when he concluded the first volume of his Thermo
chemische Untersuchungen (1882) with the following words: “The aque
ous solutions of substances contain them in a condition which, just as 
the gaseous state, reveals their physical qualities in the simplest man
ner, so that a direct comparison of the two states is permissible.”29

dissociation, he reacted strongly against it. See Dolby (1976), p. 325.
29. Arrhenius (1912), p. 79. Thomsen (1882-1886), vol. 1, p. 449.
30. Guldberg to Thomsen, 28 September 1877 (Royal Library, TSC).

The close analogy between the gaseous and the liquid states of mat
ter, both obeying the laws of the mechanical theory of heat, became 
a cornerstone in the physical chemistry. The Norwegian originators 
of the law of mass action appreciated the value of Thomsen’s contri
butions. As Guldberg wrote, “Your thermochemical investigations 
promise to solve several of the problems which we have examined 
experimentally but which could not be solved previously, when the 
[idea of] avidity was unknown.”30

A few years after Thomsen had examined the Guldberg-Waage 
law it was also taken up by Horstmann, who in 1873 applied it to the 
dissociation of gases. However, it took more than another decade 
until the significance of the law was generally recognised. In its 
modern formulation the affinity constants k and k' no longer appear 
but are replaced by rate constants. For a reversible reaction at con
stant temperature between the systems aA + bB and cC + dD the equi
librium condition is
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where the squared brackets refer to molar concentrations. An equa
tion of this type was first proposed by van’t Hoff in 1877, who at the 
time was unaware of the earlier work of Guldberg and Waage, and 
then by Guldberg and Waage in their 1879 paper in which they de
fended their priority. It was only in this paper that the esterification 
equilibrium of Berthelot and Saint-Gilles was expressed in a form 
recognisable today:

[CH3COOH][C2H5OH] _ 1
[C2H5COOCH3][H2O] _ 4

As van’t Hoff pointed out, and as also Guldberg and Waage realised 
more vaguely, the law of mass action is valid only at constant tem
perature. By taking into account the second law of thermodynamics 
van’t Hoff showed that the equilibrium constant K varies with the 
temperature T and the involved heat Q according to

The equation is commonly referred to as the van’t Hoff equation. 
With van’t HofF s exposition in his Etudes deDynamique Chimique from 
1884 the modern understanding of the law of mass action was es
sentially established.

In a paper of 1873 Thomsen pointed out that the heat effect of a 
chemical reaction depended on the temperature at which it was 
measured. In order to compare different results, “it is necessary to 
perform the various experiments at the same temperature, such as I 
have done in my own experiments, where I have kept to 18 °C.”31 To 
investigate the problem he made a large number of neutralisation 
and dilution experiments at different temperatures. For the case in 
which substances A and B at initial temperature t reacted to form 
substance C at final temperature T, he derived for the change of 
heat A<2 the expression

31. Thomsen (1873c).

AQ = Qt - Qt = j (<7a + Qb - Qc)dt
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The quantity q„ denotes the heat capacity of A or what Thomsen 
called its “calorimetric equivalent” (and similarly for q>, and ^c). Al
though the heat capacities change somewhat with the temperature, 
the change is very small and the equation can consequently be stat
ed as

AQ = QT - Qt = (T - t)(qa + qb - qc)

Thomsen thus found the heat variation per degree to be given by

Qt ~ Qt
T_t =qa + qb-qc

By measuring the thermal effects at different temperatures and com
paring them to measurements of the specific heats he showed that 
the approximation was valid. Berthelot did not believe that the tem
perature dependence of the heat effect was measurable and he de
nied that Thomsen’s experiments verified it. The agreement was 
only apparent and due to Thomsen’s inaccurate experiments, he 
claimed. As Thomsen saw it, Berthelot’s response was yet another 
proof of the French chemist’s dishonesty.32

32. Thomsen (1882-1886), vol. 1, p. 79.

Thomsen’s 1873 paper was important but not quite as original as 
he presented it to be. From general arguments based on thermody
namics Kirchhoff had derived, as early as 1858, the same relation
ship between AQ and the heat capacities. What is sometimes known 
as Kirchhoff s law or equation can, in the case of constant pressure, 
be written 

where AC refers to the mean heat capacity of the reactants. From 
Kirchhoff s equation or the similar one of Thomsen one can calcu
late the heat of reaction at a particular temperature from the heat of 
reaction at some other temperature. Thomsen did not cite Kirch
hoff s result and he also did not refer to earlier work on the subject 
done by Naumann in 1869 and Pfaundler in 1870. Whether the ne- 
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gleet was deliberate or not, it resulted in a couple of minor priority 
controversies adding to the other and more serious controversies 
Thomsen was involved in at the time. According to Thomsen, what 
mattered was not the formua relating heat and temperature but that 
“the agreement between theory and experiment was first fully estab
lished by my investigation.”33

33. Thomsen (1876b), p. 307. See also Médard andTachoire (1994), p. 304.
34. For Kant’s pessimistic claim, see Section 7.2.
35. Merz (1904-1912), vol. 2, p. 153. As other founders Merz mentioned G. Hess, H. 
Kopp, H. Regnault, and M. Berthelot.

6.3. Thomsen and the new physical chemistry

Although Kant categorically claimed that chemistry could never be
come a science on par with physics, chemists were not so sure.34 
Since the mid eighteenth century they successfully used a variety of 
physical theories and techniques to study chemical processes and 
the interrelationship of chemical and physical properties of matter. 
Physical or general chemistry, or sometimes “theoretical chemistry,” 
existed well before it was institutionalised in the 1880s. During the 
period 1819-1824 what was originally published as Annalen der Physik 
appeared under the title Annalen der Physik und der physikalischen Chemie, 
the predecessor of Poggendorf s Annalen der Physik und Chemie. The 
eminent chemist Hermann Kopp served as professor of physical 
chemistry at Heidelberg since 1863 and there were a few other chairs 
of this kind. Electrochemistry, thermochemistry, crystallography, 
spectroscopy, and optical studies of substances were among the 
branches of classical general chemistry, but although they existed as 
research fields they were fragmented and without disciplinary unity. 
In his magisterial work on nineteenth-century science and philoso
phy, the German-British chemist John Merz named Thomsen as 
“one of the founders of physical chemistry,” but this is to overrate 
the significance of his work on classical thermochemistry.35

A coherent discipline of physical chemistry only came into exist
ence in the late 1880s, not only by merging existing branches of 
general chemistry but also by establishing it on a new theoretical 
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framework and, no less importantly, a new institutional infrastruc
ture in the form of journals, research schools, and a community of 
practitioners.36 The emergence of what today is called physical 
chemistry can conveniently be dated to 1887, the year in which Wil
helm Ostwald was appointed professor of physical chemistry in 
Leipzig. It was also the year in which and he and van’t Hoff found
ed the journal Zeitschrift fir physikalische Chemie, Stöchiometrie und Vervan- 
dtschaftslehre (Journal of Physical Chemistry, Stoichiometry and Af
finity Studies). The highly successful and trend-setting journal was 
German but international in scope such as indicated by its board of 
associate editors which included a large number of high-ranking 
chemists. Among them figured Julius Thomsen together with col
leagues such as Mendeleev from Russia, Ramsay from England, Lo
thar Meyer and Victor Meyer from Germany, and Berthelot and 
Henri Le Chatelier from France; also Guldberg and Waage from 
Norway were on the list. Arrhenius was missing, but his name was 
added in 1890.

36. For the early history of physical chemistry, see Laidler (1993) and Nye (1993). 
Sociological and historiographical perspectives on the origin of the discipline are 
offered in Dolby (1976b) and Barkan (1992).

As far as content is concerned, the new physical chemistry of the 
Ostwald school relied on two pillars, chemical thermodynamics 
and the theory of solutions. The first pillar, with its foundation in 
the theories of Helmholtz and Gibbs, was developed into a power
ful chemical tool by van’t Hoff in particular. The Dutch chemist 
also realised that the physical laws governing osmotic pressure 
could be understood in terms of thermodynamics and that osmosis 
provided a useful analogy to solutions. However, it was only with 
Arrhenius’ radical hypothesis of ionic dissociation that a new and 
unifying framework was established. Arrhenius had proposed a lim
ited version of the hypothesis in 1884 as part of his doctoral disser
tation in Uppsala, but it was ignored until Ostwald recognised its 
value (Figure 6.2). A full version of Arrhenius’ theory appeared in 
the first volume of Zeitschriftfirphysikalische Chemie. The three pioneers 
of physical chemistry based their work on the ionic hypothesis, 
which for a decade or so remained controversial in a large part of
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Figure 6.2. Two of the pioneers of physical chemistry, W. Ostwald (left) 
and S. Arrhenius. Source: Popular Science Monthly 65 (1904). Wikimedia Com
mons.

the chemical community. While Ostwald, van’t Hoff and Arrhenius 
were unquestionably the founders of the new physical chemistry, 
also the younger German chemist Walther Nernst belonged to the 
pioneers. All four received the Nobel Prize in chemistry. When Os
twald received the prize in 1909 - the year of Thomsen’s death - the 
world of chemistry had fully recognised his and his allies’ physical 
chemistry as an indispensable chemical discipline.

In a semi-historical account of 1903 the American chemist Harry 
Jones, a former assistant to Ostwald, enthusiastically sang the praise 
of the new physical chemistry. He separated sharply between chem
istry before and after 1887. While in the earlier period chemistry 
had been essentially empirical and systematic, it was only with the 
advances of Ostwald and his allies that it became truly scientific. 
Without caring about the historical details and nuances, Jones de
scribed the development as follows:

A system of chemistry is one thing and a science of chemistry is an
other; just as the making of brick is one thing and the building of the 
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brick into a piece of architecture is another. ... The period which ends 
about 1887 may be said to have been the “fact discovering” or “brick 
making” period. It was, of course, veiy important in itself ... [but it 
was] not a science of chemistry, as it is frequently thought to have 
been by those who have not followed closely the later development.37

37. Jones (1903), p. 17.
38. See Thomsen (1880f) which includes summaries of some of the talks given in 
Stockholm, including Blomstrand’s and his own.

Thomsen would not have recognised in this description the devel
opment of chemistry as he knew it. He believed that he was much 
more than a brick maker and that his thermochemical data had al
ready contributed in making chemistry a science.

Despite figuring as an associate editor of the Zeitschrift, Thomsen 
never embraced the new trend in physical chemistry or just ex
pressed serious interest in it. He used the journal as an outlet for 
several of his publications, contributing with nine papers in the pe
riod 1887-1905, but none of these were on subjects central to the 
Ostwald school of physical chemistry. As far as I know, Thomsen 
never used the term “ion” or referred to Arrhenius’ theory of ionic 
dissociation. But of course he was aware of it and that from an early 
date. He may have met Svante Arrhenius, then a 21-year old science 
student, when the two participated in the twelfth meeting of Scan
dinavian scientists that convened in Stockholm in 1880. Thomsen 
lectured on his thermochemical theory of affinity in organic com
pounds, and Christian Blomstrand, a chemistry professor at the 
University of Lund, gave a lecture on chemistry as an atomic sci
ence.38

As pointed out in Section 4.3, in 1883 Arrhenius’ mentor at 
Stockholm Technical University, Otto Pettersson, wrote a review of 
Thomsen’s Untersuchungen, a work well known to Arrhenius. After 
Arrhenius had completed his ill-fated dissertation in 1884, a work 
published in French, he sent copies of it to a few distinguished sci
entists abroad. Among the recipients were Thomsen in Copenha
gen to whose work Arrhenius had referred. Wanting his thesis to be 
better known Arrhenius suggested to Thomsen that he might write 
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a critical review of it in a scientific journal, but this did not hap
pen.39 According to Arrhenius’ biographer, Thomsen made his 
opinion known to his friend, the Uppsala chemist Per Theodor 
Cleve, telling him that there was nothing new in the dissertation.40 
Only from Ostwald in Riga did the young Swede receive an encour
aging response. One may assume that Thomsen did not read Ar
rhenius’ later so famous dissertation carefully and that although it 
dealt with topics in which Thomsen had an interest, such as equilib
rium processes (including the Guldberg-Waage law) and a critical 
treatment of Berthelot’s principle of maximum work.

39. Arrhenius to Thomsen, 4 June 1884 (Royal Library, TSC).
40. Crawford (1996), p. 50. The other recipients of Arrhenius’ dissertation were 
Ostwald, Clausius, and Lothar Meyer. Arrhenius’ dissertation included an electrolytic 
dissociation theory but not yet an ionic one. He only presented the crucial hypothesis 
of ions formed spontaneously by electrolytes in solutions, even in the absence of an 
electric current passing the solution, in 1887.
41. Ostwald’s dissertation as reprinted as issue 250 of the series Ostwald’s Klassiker der 
Exakten Wissenschaften (Leipzig: Akademische Verlagsgesellschaft, 1966).

Ostwald prepared his doctoral dissertation in 1877, at a time 
when he was employed as an assistant at the Riga Technical Univer
sity in Latvia, then part of the Russian empire. Concerned with the 
problem of measuring chemical affinities he was much inspired by 
Thomsen’s thermal approach; but he developed an alternative and 
more simple volumetric method which he thought might supple
ment or even replace the calorimetric method. The method, as he 
presented it in his doctoral dissertation of 1878, consisted in com
paring the volume variations in chemical reactions between acids 
and bases in dilute solutions. Contrary to Thomsen, Ostwald con
cluded that the evolution of heat was not the proper measure of af
finity. “To test my hypothesis,” he wrote, “I repeated Thomsen’s 
experiments according to the new [volumetric] method, and I had 
the pleasure of arriving at precisely the same results as the Danish 
scientist.”41 After having become a professor in Riga and studied 
Arrhenius’ thesis, in the summer of 1884 Ostwald went for a tour to 
the Scandinavian countries. His primary target was Arrhenius in 
Uppsala. From Uppsala he went to Gothenburg and from there to 
Christiania, where he met with Guldberg and Waage. After his trip 
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to Norway he went by boat to Copenhagen to meet Thomsen and 
possibly other Danish chemists. In his autobiography Ostwald 
wrote about Thomsen, “whose work had served me as an ideal and 
whom I therefore wanted to pay my respect.” He continued:

My Swedish and Norwegian colleagues had prepared me for meeting 
an arrogant and unapproachable colleague. However, he had for 
some time expressed in public his appreciation of my work, so I was 
not particularly worried. In fact, I encountered a veiy dignified gen
tleman with a smoothly shaven face and a conspicuous excrescence 
on the left temple, eveiy inch a privy councillor. As I left after an hour 
he warmed up from his objective attitude to such a personal level that 
he recommended me to spend the evening in Tivoli.42

42. Ostwald (2013), p. 158, first published 1926-1927. Ostwald to Thomsen, 24 
September 1885 (Royal Library, TSC). See also Crawford (1996), p. 53. Ostwald did 
not refer to other Danish chemists in his recollection.
43. Ostwald (1902), vol. II, p. 97 described Berthelot’s attempt to save his principle 
of maximum work as “an operation of the same order as Münchhausen’s famous 
escape from the swamp by a forceful pull in his own bootstraps.” In fact, according 
to the original story of 1785 von Münchhausen did not perform his magic by a pull 

After having visited the Tivoli Garden and the Thorvaldsen Muse
um in the centre of Copenhagen, Ostwald went on by steamer to 
Lübeck in Germany.

Although Ostwald considered Thomsen to be a scientist of the 
past and not of the present, he held him in esteem. In his volumi
nous textbook on general chemistry first published in 1887 Ostwald 
quoted extensively from Thomsen’s early work on thermochemistry 
while at the same time leaving no doubt that the Danish chemist’s 
thermal principle of affinity was essentially wrong. But Ostwald’s 
critique of Thomsen was mild compared to his judgment of Berth
elot’s theory and the attempts of the French chemist to keep it alive 
by means of arbitrary and often artificial hypotheses. The authority 
that Berthelot’s principle still held in France, he said, could only be 
explained by sociological factors. He even likened the distinguished 
French chemist to the fictional Baron von Münchhausen who pulled 
himself and his horse out of a swamp by his hair!43
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Entering the still ongoing priority dispute between Thomsen 
and Berthelot, Ostwald argued in favour of the Danish chemist: “If 
one compares the content of Berthelot’s statements and those pub
lished by Thomsen in 1854, one finds that they are in agreement and 
only differ in a formal sense. The true author is thus undoubtedly 
Thomsen to whom priority over Berthelot belongs with ten years.” 
Moreover, “The technique used by Berthelot has not, in general, 
quite the same degree of accuracy that Thomsen has obtained.”44

in his bootstrap but in his hair.
44. Ostwald (1902), vol. II, p. 65 and p. 67.
45. Nernst (1888), p. 23. Olaus Borrichius was the Latin name of Ole Borch (1626- 
1690), professor at the University of Copenhagen and an accomplished chemist and 
alchemist. One wonders if Nernst realised that Borch and Thomsen were compatriots.

Ostwald argued from general and theoretical reasons that Thom
sen’s determinations from 1874 of the heats of formation of mercury 
halides were probably incorrect because they disagreed with Helm
holtz’s relationship between heats of formation and the electromo
tive force of a galvanic cell. He consequently asked Nernst, who at 
the time worked as Ostwald’s assistant in Leipzig, to determine the 
heat evolved when mercury unites with bromine,

Hg + Br2 —> HgBr2

Confirming Ostwald’s suspicion, Nernst found a heat of formation 
of 41.9 kcal or approximately 25 per cent less than what Thomsen 
had derived on the basis of his theory of thermal affinity. It turned 
out that the mercury Thomsen had prepared in 1874 and thought to 
be pure was not quite pure after all. Among the reasons that Nernst 
gave for doubting Thomsen’s results, one stands out as curious as it 
related to seventeenth-century chemistry. He referred to “an older 
observation of Olaus Borrichius, according to whom mercury chlo
ride was reduced by antimony under a distinct evolution of heat.”45 
Nernst’s point by mentioning a 200-year-old observation was that 
this reaction could not occur if Thomsen’s data were correct.

Although Thomsen readily admitted his error made twenty-four 
years ago, he was much annoyed to see his thermochemical method 
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defeated by the new physical chemistry - and by a 24-year old neo
phyte.46 In a letter to Ostwald, Arrhenius reported: “I have recently 
received a small letter from Nernst; he will now travel even farther 
away from the seriously assaulted Thomsen. I had hoped that at 
least his inorganic works could rest in peace, but it seems not to be 
so.”47 Indeed it did not. As a result of Nernst’s correction Thomsen 
changed to another method in which mercury was precipitated in a 
pure state by treating Hg2I2 with potassium iodide.

46. Thomsen (1888b). Thomsen also admitted his error in the Danish and English 
summary volumes of Untersuchungen. See Thomsen (1908), p. 278, and also Barkan 
(1999), p. 43.
47. The letter is reproduced in Körber (1961), vol. 2, p. 41. Ostwald and Thomsen 
exchanged several letters in the period from 1885 to about 1890 (Royal Library, 
TSC).
48. Barkan (1999), p. 85, who further writes (on p. 145) that Thomsen preferred “a 

Thomsen was in most respects conservative and had no sympa
thy at all for the new wave in chemistry which threatened to make 
his life-work obsolete. As mentioned, he never used the term “ion” 
in connection with solutions. One may speculate that a further rea
son that discouraged him from taking an interest in physical chem
istry was that some of its leading proponents strove to develop it 
into an anti-atomistic direction. By the turn of the century Ostwald 
questioned the existence of atoms and he was followed by Duhem 
in France and a few other prominent physical chemists including 
Georg Helm, a mathematical chemist from Dresden. As they doubt
ed the existence of atoms, and generally wanted to free science of all 
materialistic hypotheses, so they downplayed the significance of the 
periodic system. Thomsen, on the other hand, was convinced not 
only that atoms and molecules existed as real bodies but also that 
they were composites of still smaller particles (see Chapter 7). To 
his mind chemistry without atoms was close to a contradiction in 
terms.

Not only because of his conservatism but also because of his 
rather unfriendly character and preference for isolation, Thomsen 
had very little contact with the younger generation of chemists. To 
describe him as a “leader of an important Danish school of physical 
chemistry,” as one historian has done, is doubly wrong.48 Not only 
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was Thomsen not a physical chemist in the ordinary meaning of the 
term, he also created no school and had no intention of doing so. 
Physical chemistry came late to Denmark, delayed perhaps by 
Thomsen and his professor colleague S. M. Jørgensen.49 From a uni
versity prize essay announced in 1889 we get a glimpse of how the 
two professors viewed the ideas of the new physical theory. The sub
ject of the essay was “A survey of the methods which during the last 
decade have been proposed about and applied to measurements of 
the relative weights of molecules.” The evaluation committee con
sisting of Thomsen, Jørgensen and the physics professor Christian 
Christiansen found one of the answers valuable because it dealt in 
detail with osmosis, vapour tension, freezing point depression, and 
similar colligative properties. But they also had critical comments:

small number of disciples to large research groups.” But Thomsen had no disciples 
at all.
49. For physical chemistry in Denmark, see Bak (1974), and Nielsen and Kragh 
(1997).
50. KøbenhavnsUnwersitetsAarbogl890-1891, pp. 690-691.1 have not been able to identify 
the author of the essay, but it may have been Emil Petersen.

The author mentions the theories of van’t Hoff and Arrhenius but he 
does not develop the line of reasoning which have led these scientists, 
as well as [Max] Planck, to those theories, and he also does not sug
gest criticism of them. It must be admitted that... the ideas expressed 
in the new theories have in no way won general scientific acceptance. 
On the other hand, the electric conductivity of solutions of electro
lytes could deserve a closer examination. Not only have the results of 
[Friedrich] Kohlrausch and Ostwald in this area supported the new 
theories, but in this way it is also possible to determine the molecular 
weights of substances which otheiwise are difficult to find.50

Despite their objections the three professors recommended a gold 
medal for the essay. The mention of the famous theoretical physicist 
Max Planck is interesting. At the time he was deeply immersed in 
the theory of physical chemistry and published in 1887 an article 
with many similarities to Arrhenius’ from the same year. The near 
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simultaneous discovery resulted in a minor controversy.51 While it is 
unknown to what extent Thomsen had acquainted himself with 
Planck’s theory of physical chemistry we know that the German 
physicist studied Thomsen’s work on thermochemistry to which he 
referred in his Vorlesungen über Thermodynamik from 1897 and at other 
occasions.52

51. See Crawford (1996), pp. 88-91.
52. Planck (1897), pp. 63, 68 and 228.
53. Petersen (1889), p. 384.
54. Petersen (1893). AarbogforKøbenhavns Universitet 1891-1893. pp. 54-56.

The first to introduce physical chemistry in Denmark was Thom
sen’s successor Emil Petersen, who after a stay with Ostwald in 
Leipzig converted to the new interdisciplinary field and included it 
in his lectures from 1891. In 1889 and 1893 he published papers in 
Zeitschrift für physikalische Chemie. The first of these was squarely in the 
thermochemical tradition of Thomsen as it concerned the heats of 
neutralisation of fluorides. Indeed, it contained numerous refer
ences to Untersuchungen and made use of Thomsen’s calorimeter as 
well as his general methods of heat measurements. “The investiga
tions,” wrote Petersen, “have been made in the laboratory of Co
penhagen University whose director, Professor J. Thomsen, has 
kindly put his apparatuses to my disposal; I am grateful for his ad
vices and suggestions.”53 54 The other paper dealt with the heat of dis
sociation of weak acids in relation to Arrhenius’ theory and it too 
relied on some of Thomsen’s measurements. The Danish version 
that Petersen submitted to the proceedings of the Royal Academy 
of Sciences was positively reviewed by Thomsen and Odin Chris- 

54 tensen.
Petersen’s early work in physical chemistry grew to some extent 

out of Thomsen’s thermochemistry. But neither Petersen nor other 
Danish scientists around the turn of the century contributed signifi
cantly to physical chemistry in the style of Ostwald, van’t Hoff, Ar
rhenius, Nernst and others. The field was only institutionalised in 
Denmark in 1930, when a new Institute of Physical Chemistry was 
inaugurated in Copenhagen with J. N. Brønsted as its director.
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6.4. Electricity and batteries

Electrochemistry in the usual sense, such as electrolysis and meas
urements of electrical conductivity, did not belong to the research 
areas cultivated by Thomsen.55 But he was seriously interested in 
electrical cells and batteries, an interest which covered their scien
tific as well as their technological aspects. During a period of forty 
years he worked on and off on various branches of electrical energy, 
sometimes connected with his thermochemical research programme 
but in other cases for different reasons. While employed as an ad
juster of weight and measures in Copenhagen he communicated an 
investigation on the relationship between heat and electromotive 
force to the 1856 meeting of Scandinavian scientists held in Chris
tiania. Two years later his work was published in the proceedings of 
the Royal Danish Academy of Sciences. It was never translated into 
a foreign language and consequently remained unknown to the 
large majority of scientists.

55. See Ostwald (1980) for an almost complete history of electrochemistry up to 
about 1900.
56. Thomsen (1858), p. 155.

Thomsen’s experiments were in direct continuation of his earlier 
work on thermochemical affinity. “If one could first determine how 
much electricity is required to produce the chemical effects of the 
electric current,” he wrote, “one would have a new method to deter
mine the chemical forces.”56 He consequently found it important to 
determine the flow of electricity which in a certain period of time 
was produced in an element. To express the electromotive force in 
terms of his thermal measure of affinity he examined the Daniell cell 
much used at the time. This type of cell, invented by the British 
physicist John E Daniell in 1836, consisted of one plate of copper 
and another of zinc immersed in solutions of CuSO4 and ZnSO4 
respectively; the two liquids were kept separate by a porous wall. Its 
electromotive force was known to be 1.1 volt. The experiments 
Thomsen performed to determine the electrical intensity of the 
Daniell cell and relate it to the evolved heat and the loss of metallic 
zinc were complex and sophisticated (Figure 6.3). For example, to
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r /f 4.

Figure 6.3. Thomsen’s experimental setup for his measurements of the 
heat and the electric power of a battery. From Thomsen (1858).

measure the time he did not use a mechanical but an electric clock 
which he built into the circuitry.

Thomsen’s main result was that the quantity of electricity in a 
Daniell cell corresponding to the dissolution of 16 g of zinc could 
be translated into an amount of heat equal to 3.329 kcal. The source 
of electricity was the chemical process

Zn + CuSO4 —> Cu + ZnSO4

From his earlier thermochemical measurements he inferred the 
chemical energy to be equal to the difference in heats of formation:

(Zn, H2SO4) - (Cu, H2SO4) = 6.660 - 3.460 = 3.200 kcal

The small difference of 129 calories he explained away as experi
mental errors. There is no doubt, Thomsen concluded, that “the 
entire amount of force which under normal circumstances evolves 
as heat ... first appears in the state of electricity.”57 In other words, 
he thought, mistakenly as it turned out, that the electromotive force 
was a measure of the thermal affinity, or that all the energy gener- 

57. Thomsen (1858), p. 165, and also Thomsen (1863e). As pointed out by Bjerrum 
(1909) and Brønsted (1909), Thomsen’s result was fortuitous.
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ated by the chemical processes was transformed into energy repre
sented by the electric current. Retrospectively his conclusion can be 
explained by the fact that the change of entropy AS in a Daniell cell 
is very small. For this reason and because of the relation G = H - TS, 
the evolved heat is approximately equal to the free energy, AH = AG. 
Had Thomsen used other cells the disagreement between heat and 
electromotive force would have been more obvious.

In 1863 the French physicist Francois-Marie Raoult made more 
elaborate and precise comparisons between the energy developed 
in a cell and the energy that could be transformed by way of electric
ity in the form of heat. Raoult’s numerical values were of the same 
order as Thomsen’s, but the Frenchman did not subscribe to the 
general conclusion of the Danish chemist.58 Thomsen did not fol
low up on his early attempt to explain electrochemical cells in terms 
of thermal effects except that he restated it in a more concise form 
in a paper of 1861. It followed from Thomsen’s assumption of the 
electromotive force being proportional to the amount of chemical 
work that any conductive compound could be decomposed by a 
galvanic battery consisting of a large enough number of cells.59 A 
proper thermodynamic theory of galvanic cells and batteries was 
only given much later, first by Helmholtz in 1882 and more fully by 
Nernst in important papers of 1888-1889.60

58. On Raoult’s work, see Ostwald (1980), pp. 778-784. Thomsen (1863e) noted with 
some regret that his Danish paper of 1858 was unknown abroad. He apparently 
thought that priority to some of the results published by Raoult belonged to him.
59. Thomsen (1861), pp. 110-111.
60. See Laidler (1993), pp. 220-227.
61. Thomsen (1880g).

Thomsen briefly returned to the subject in a paper of 1880 in 
which he examined the chemical energy and electromotive forces of 
various cells.61 From a letter written by Ludvig Lorenz two years 
later we learn that Thomsen at the time worked with the tempera
ture coefficients of metals, the resistance of electric conductors, and 
the mechanical equivalent of heat measured electrically. Lorenz had 
for years been engaged in precision measurements of the ohm unit 
of resistance by means of a clever electromagnetic induction meth
od, and in the letter to Thomsen he reported on his latest results.
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The subject was evidently of interest to both of the Danish scien
tists. According to Lorenz, the mechanical equivalent of heat meas
ured by electric means was somewhat greater than the value found 
by Thomsen.62 Lorenz reported a best value of 436.1 gram-meter or 
4.27 joule.

62. Lorenz to Thomsen, 17 December 1882 (Uppsala University Library). The 
problem of an “absolute definition” of the ohm unit was important at the time. 
Lorenz’s method was highly regarded by Lord Rayleigh and other British physicists.
63. Thomsen (1863e), p. 323.
64. The century-long, complex and confusing controversy is analysed in Kragh 
(2000).

At the end of his 1858 paper Thomsen suggested that further 
investigations of the same kind might “have a decisive influence on 
the controversy between the contact theory and the chemical theo
ry.” As he made clear in a paper of 1863, he was convinced that the 
source of electricity in a cell was the chemical action and that con
tact between two different metals was itself unable to generate elec
tric energy. “For nothing comes of nothing,” as he wrote.63 The so- 
called voltaic controversy that Thomsen referred to went back to 
Alessandro Volta’s first construction of the pile in 1800 and contin
ued throughout the nineteenth century. The most ardent champion 
of the contact theory during the first half of the century was the 
Danish-German natural philosopher Christoph Heinrich Pfaff, a 
professor at the University of Kiel, whereas Ørsted was more in fa
vour of the chemical theory. The law of energy conservation was 
generally taken as support of the chemical theory, such as Thomsen 
and most chemists did. On the other hand, the contact theory was 
far from dead. In 1862, at the very time that Thomsen claimed vic
tory for the chemical theory, the British physicist William Thomson 
- better known as Lord Kelvin - suggested a new version of the 
contact theory according to which the metallic contact force was 
responsible for the generation of current in a cell.64

In the mid-nineteenth century a variety of electric cells and bat
teries were in use, some for scientific purposes and others applied in 
the rapidly growing industrial sector that included telegraphy and 
galvanic electroplating. In a note of 1860 Thomsen announced one 
more type of cell, this time consisting of carbon and copper. He
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Figure 6.4. Thomsen’s copper-carbon battery. Source: Bottone (1902), 
p. 245.

placed the copper plate in dilute sulphuric acid, contained in a po
rous cell; outside it was a negative carbon plate in a solution of pot
ash, sulphuric acid, and water (Figure 6.4). The electromotive force 
of the new copper-carbon cell was about 1.0 volt, a little less than 
the one of the Daniell cell. Thomsen found the cell useful because 
the copper was not attacked by the acid in the open circuit and also 
because the sulphuric acid could be used for months without being 
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replenished. From a theoretical point of view he found the cell to be 
of no less interest: “As copper cannot decompose dilute sulphuric 
acid, the copper-carbon element is an example of a powerful appa
ratus in which chemical action and the disengagement of electricity 
are quite inseparable.”65 Thomsen’s copper-carbon battery at first 
attracted some attention but it seems not to have been widely used 
in either the laboratory or for commercial purposes. It merely en
tered the large arsenal of different cells that could be used for spe
cial purposes.66

65. Thomsen (1860b), with English translations in Philosophical Magazine 21 (1861): 80, 
mA Journal of the Franklin Institute 71 (1861): 336-337.
66. Together with many other cells, Thomsen’s constant copper-carbon cell was 
described in Bottone (1902), p. 245.
67. For the polarisation battery see Thomsen (1864) and Thomsen (1865c). Edlund 
to Thomsen, 18 December 1864 (Royal Library, TSC). Edlund, who was a consultant 
to the Swedish Telegraph Office, was interested in Thomsen’s invention for both 
scientific and technological reasons.

The most important result of Thomsen’s interest in sources of 
electrical energy was the “polarisation battery” that he first de
scribed in his and his brother’s Danish journal Tidsskrift in 1864. “I 
congratulate you with your nice invention of the polarisation bat
tery which I came to know about in the last issue of your journal,” 
the Swedish physicist Erik Edlund wrote. “I took the liberty to give 
an account of your invention at the recent meeting of the [Swedish] 
Academy of Science.”67 Thomsen’s apparatus had a practical rather 
than scientific purpose in so far that it was designed to meet a need 
in the telegraph companies and other businesses relying on the cur
rent from batteries. The traditional way to build up a relatively high 
voltage was to combine a large number of galvanic cells, such as 
Daniell cells, into large batteries. Thomsen found a more efficient 
way to produce a constant current at a high voltage by an arrange
ment in which several plates of platinum were polarised by means 
of the current from a Daniell or Grove cell; the latter kind of cell 
consisted of zinc placed in sulphuric acid and platinum in nitric 
acid. Thomsen’s polarisation battery of fifty cells (Figure 6.5) had 
an electromotive force of approximately 75 volts and was able to 
deliver a current of high intensity.
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Figure 6.5. Thomsen’s polarisation battery with its platinum plates above 
and below the rotating contact system. Source: Thomsen (1864).

When he published his invention in Annalen der Physik und Chemie, 
the journal’s editor, the reputed German physicist Johann Christian 
Poggendorff, added a note in which he objected that there was little 
new in Thomsen’s apparatus. It built on principles which he, 
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Poggendorff, had described more than twenty years earlier. Thom
sen replied that although Poggendorff deserved credit for his work, 
his own apparatus was quite different in design and much more use
ful. Poggendorff s earlier apparatus was complicated and gave a dis
continuous current, whereas the new battery was simple and gener
ated a continuous current. “The polarisation battery is the only 
apparatus constructed so far which has succeeded in producing a 
continuous electric current at high voltage and constant intensity 
by means of a single galvanic cell.”68 The exchange of opinions did 
not, in this case, evolve into a controversy.

68. Thomsen (1865d), p. 165.
69. According to Bjerrum (1909) and Holst (1908).
70. Blake (1870), p. 559. Online as https://archive.org/details/reportsunitedst 
02unkngoog.

The polarisation battery attracted much interest as it promised 
an answer to a technological need. Thomsen was keen to market his 
invention, which he did by publishing a detailed account of it in the 
form of a German brochure which was as much a sales brochure as 
a scientific memoir. His polarisation battery was patented in many 
European countries and awarded prizes at the Art and Industry Ex
hibition in Stockholm in 1866 and also at the large Paris World Fair 
exhibition in 1867.69 An American report from the Paris exhibition 
gives an impression of Thomsen’s invention:

A remarkable batteiy, called by its inventor, Professor Jules [w’c] 
Thomsen, of Copenhagen, a polarization batteiy, was exhibited in 
the Danish section. Fifty-two plates of platinum are immersed in di
lute sulphuric acid, and these are successively brought into contact, 
by pairs, with the poles of a single cell of Daniell. ... This polarization 
gives rise to a powerful current in the platinum combination; and this 
is maintained nearly constant when the contacts succeed each other 
rapidly and regularly. The electrodes of the exciting batteiy are kept 
in rotation by means of an electro-magnetic motor. Professor Thom
sen states that the fifty cells which correspond to the fifty-two plati
num plates produce a current equal in intensity to that of seventy- 
three elements of Daniell.70
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Figure 6.6. Thomsen’s direct-current transformer designed to transform 
110 volts to 8 volts. Source: Thomsen (1898b).

Already in 1865 the Danish State Telegraph bought the apparatus 
to use it in the main telegraph station in Copenhagen and it may 
also have been used by some other telegraph companies which ex
pressed great interest in it. For example, in 1867 the Submarine Tel
egraph Works, a British company, invited Thomsen to come to the 
meeting of the British Association in Dundee in order to demon
strate his battery.71 As far as I know, Thomsen did not accept the 
invitation.

71. Submarine Telegraph Works to Thomsen, 20 August 1867 (Royal Library, TSC).
72. Ibsen (1865), according to whom a version of the polarisation battery specially 
designed for medical use was being tested in Copenhagen.

Another area in which Thomsen’s battery attracted some atten
tion was the medical world. According to Eugen Ibsen, a Danish 
engineer and medical student, it was well suited for electrotherapy 
and other kinds of medical use.72 He suggested that, when constant 
currents of high voltage were needed, the polarisation battery was 
preferable to the induction coils or series of batteries traditionally 
used at the hospitals. However, whether for the purpose of telegra
phy or electrotherapy the commercial success was limited. With the
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Figure 6.7. Thomsen in his laboratory, ca. 1898, possibly at work with his 
transformer system. The apparatus in front of him is a Ruhmkorff induction 
coil for generation of pulses of high voltages, so named after its inventor, the 
German physicist Heinrich Ruhmkorff. Source: Vinding (1941), p. 37.

introduction of dynamos as electric energy sources in the 1880s 
Thomsen’s battery became superfluous.

By the 1890s Copenhagen had become electrified by means of 
electricity of 110 volts supplied by central power stations and elec
tric light was competing with gas lighting. The problem was no 
longer to increase the voltage of batteries but to decrease the 110 
volts from the dynamos to, for example, the 5-10 volts often used in 
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laboratories and hospitals. For this purpose 72-year-old Thomsen 
invented a transformer the construction of which had much in com
mon with his polarisation battery of the 1860s. But it worked in re
verse, using a storage battery or accumulator instead of an ordinary 
battery consisting of primary cells (Figures 6.6 and 6.7). In his pres
entation of his new invention to the Royal Danish Academy in 1898 
Thomsen said that he had tested the apparatus for more than a 
year.73 It worked perfectly and was much more economic in use than 
other methods of transforming the voltage. Thomsen probably 
hoped that the new transformer would enter the commercial market 
but apparently it found no or only very little application outside his 
own laboratory.

73. Thomsen (1898b).



CHAPTER 7

Chemical elements

Although best known as a brilliant and meticulous experimenter, 
Thomsen also had a deep interest in the more foundational issues 
of chemistry and science generally. During most of his career, his 
emphasis on the value of precise experimental data in thermo
chemistry and elsewhere in chemistry co-existed with a desire to 
unravel the secrets of nature. He wanted to understand what mat
ter was, ultimately, and thus in a sense return to chemistry as natu
ral philosophy. Thomsen would have hated being called a philoso
pher, and yet his ambitious goal of understanding matter was 
essentially philosophical and not, in some respects, far from the 
one hailed by Ørsted. Latest by the mid-1860s he turned into an 
ardent supporter of the age-old idea of the unity of matter, the 
view that all the chemical elements were manifestations of a single 
primitive substance. During the last two decades of his life, work 
related to this view, known as Prout’s hypothesis, occupied him 
increasingly. It led to a series of publications of a somewhat daring 
and speculative nature, very different from those dealing with his 
thermochemical measurements although not incompatible with 
them.

Some of Thomsen’s ideas were original but most of them re
flected the spirit of time characteristic for science in the late-Victo- 
rian era. Not only did he subscribe to the hypothesis of the unity 
of matter, he also combined the hypothesis with vague evolution
ary speculations of the kind known as inorganic Darwinism. Char
acteristically (and again time-typically), he sought to justify his 
speculations by means of very precise determinations of the atom
ic weight of oxygen relative to hydrogen. The search for unity and 
order inevitably turned him towards the periodic system, which he 
presented in his own version in the 1890s. This version he used to 
predict a number of new elements which, in the wake of the dis
covery of argon, included a whole group of inert gases. One of 
them was the solar element helium which he thought might be 
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simpler than hydrogen. The “other Thomsen” is no less interest
ing a figure than Thomsen, the pioneer of experimental thermo
chemistry.

7.1. The composite chemical atom

Although Thomsen in general favoured an empiricist attitude to sci
ence he fully recognised the value of theories and hypotheses. He 
was not foreign to speculations if only these were recognised to be 
just that. In an article of 1871 he spelled out his philosophical view 
of science, emphasising in a quite sophisticated way the dialectical 
relationship between hypotheses and experimental data. The chem
ist, he said, is not satisfied with bare facts, for these alone give no 
access to the causes of the phenomena, to nature’s inner constitu
tion. “From the safe domain of facts he enters the nebulous world of 
hypotheses where only a lucky thought, an inspiration ... can bring 
him further.” By their very nature hypotheses are incomplete and 
uncertain, and yet they are absolutely essential to the progress of 
science. He elaborated:

The reason for the impact of theoiy on the progress of science is not 
to be found in the theory’s concordance with reality or truth but rath
er in its ability to unify and account for in a clear and simple manner 
a large amount of facts; in this way it may lead to the discovery of new 
facts. Even though a theory is erroneous the errors will often be harm
less. The wealth of new facts will indicate the weaknesses of the theo
ry and thus cause no harm to science; on the contrary, the weak points 
will spur the scientists to discover the reason for the disagreements 
and thus in the end to replace the older theory with a new one that 
agrees better with observations.1

i. Thomsen (1871a), pp. 3-4.

In other words, a wrong theory is better than no theory; what mat
ters is that the theory is fruitful, not that it is true; errors generate 
progress and progress is the ultimate measure of scientific success. 
Thomsen illustrated his general methodological lesson by referring 
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to two of the classical cases in the history of chemistry. One was the 
alchemical theory of metallic transmutation, which “strictly speak
ing cannot be said to be wrong;” the other case was the phlogiston 
theory of the eighteenth century, which he judged had “influenced 
science in a most fortunate way.”

By the 1860s there was a great deal of interest in atomism as the 
foundation of chemistry and the question of whether atoms - if they 
existed - were the indivisible units of the elements that Dalton had 
originally proposed.2 In a lengthy paper of 1865 in Tidsskriftfor Physik 
og Chemi, Julius Thomsen joined the speculations concerning the na
ture of what he called the “so-called elements.” Were they really el
ementary units of matter or were they perhaps composite bodies 
consisting of even smaller entities? Although Thomsen in most 
cases preferred to speak of elements rather than atoms, he no longer 
referred to atoms in the purely stoichiometric sense, such as he had 
done in his early textbook of 1850. He apparently considered them 
to be real material particles, if not necessarily indivisible. What in
duced Thomsen to his speculations seems to have been the recent 
discoveries of new elements, bringing the number up to 64. In the 
introduction to his paper he referred to the discoveries of the metals 
rubidium, caesium, thallium, and indium due to “a recently devel
oped analytic method, namely spectral analysis.”3 The elements 
were identified between 1860 and 1863 by R. Kirchhoff and R. Bun
sen (Rb, Cs), W. Crookes (Tl), and H. T. Richter and F. Reich (In).

2. Much has been written on this subject. See, for example, Farrar (1965), Kragh 
(1982), Brock (1985), and Leone and Robotti (2003).
3. Thomsen (1865a), p. 65. As usual, Thomsen did not refer to the discoverers of the 
elements or to any names of scientists at all. Although his article was in the tradition 
going back to William Prout - he even suggested that “hydrogen may be a constituent 
of the various elements” (p. 107) - he did not mention Prout or other scientists in this 
tradition.

“One cannot,” Thomsen said, “refrain from considering the idea 
that what we now think of as chemical elements are probably com
plex bodies, compounds of a few different elements in various ra
tios or maybe just different states of condensation of the same ele
ment. ... Perhaps we are not far from the time when one of the most 
important of the elements will be separated in different parts and 
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thus turn out to be a composite substance.” Spectroscopic evidence 
was one indication of this scenario of the future, but only one among 
many. Thomsen suggested that a variety of experimental methods, 
facts and phenomena all pointed in the same direction, namely that 
the commonly recognised elements “are composite and thus do not 
deserve to be called elements.” He repeated: “It seems quite evident 
that we cannot claim with any confidence that what we now call 
chemical elements should not really be composite bodies.”4

4. Thomsen (1865a). Quotations from pp. 65-66, 97 and 106.
5. Thomsen (1862c). He pointed out that whereas sodium fluoride and calcium 
fluoride produced characteristic spectral lines in the spectroscope, when they were 
mixed only the characteristic lines of sodium turned up.

Thomsen was one of the first Danish scientists to take an interest 
in the spectroscope. But although he found it a fascinating instru
ment, as a chemist of the traditional school he was somewhat scepti
cal about its usefulness in chemical analysis. At a meeting of May 
1862 in the Royal Danish Academy (of which he had become a 
member two years earlier) he presented the spectroscope in the ver
sion constructed by the Munich instrument maker C. A. Steinheil. 
It was the same kind of instrument which Kirchhoff and Bunsen 
had used in their pioneering experiments two years earlier. Spectral 
analysis was able to detect minute quantities of chemical elements, 
Thomsen admitted, but

... in ordinary analytical investigations it [the spectroscope] will pre
sumably only play a veiy limited role, whereas it can be invaluable in 
certain special investigations. ... As a method of ordinary chemical 
analysis its use will be restricted to the alkali metals and the alkaline 
earths when these have been freed from other metallic compounds by 
ordinary methods.5

Thomsen evidently underrated the power of the spectroscope as an 
apparatus for chemical analysis. He was not the only chemist of his 
generation to do so.

Among the chemical phenomena that possibly indicated the 
composite nature of atoms, Thomsen mentioned in his paper of 
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1865 the allotropic states of some elements such as phosphorus and 
carbon. He found oxygen to be particularly interesting. Apart from 
the ordinary form O2 the “active oxygen” or ozone with formula O3 
had been known since 1839 when it was discovered by the German 
chemist Christian F. Schönbein. But recently, Thomsen said, it had 
been discovered that “active oxygen can appear in two different 
modifications, which have been named ozone and antozone and 
which ... can mutually cancel the other’s activity such that, when 
they are mixed, they will turn into oxygen in its ordinary inactive 
state.”6 What was he referring to? Ever heard of antozone? This 
non-existing substance was suggested and named by Schönbein in 
1858 who conceived ozone to be negatively charged O3 and anto
zone to be its positively charged counterpart. When the two sub
stances were mixed, they would react as

6. Thomsen (1865a), p. 79. For details about the curious story of antozone, see Rubin 
(2009). Schönbein did not originally realise that ozone was a triatomic modification 
of oxygen.

O2O + O201 —> 3 O2

Schönbein further assumed that antozone, contrary to ozone, re
acted with water to form ordinary oxygen:

H2O + O2O+ -> H2OO+ + O2

While Thomsen in 1865 clearly believed in the existence of anto
zone, the large majority of chemists ignored Schönbein’s discovery 
claim. It is not known when Thomsen realised his mistake.

In his search for evidence for the composite atom Thomsen paid 
particular attention to the regularities of the atomic weights or what 
he still referred to as atom-numbers. His groupings of the chemical 
elements according to atomic weights counts as one of the many 
incomplete anticipations of the periodic system, of the same kind as 
the better known groupings of John Newlands, Alexandre de Chan- 
courtois, William Odling, and others. As Thomsen pointed out, for
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selected groups of chemical elements, their atomic weights on the H 
= 1 scale would approximately agree with the formula

A = 16 it + b (ii = 1, 2, 5, 8)

In this expression b is a number which is characteristic for each 
group of analogous elements. For example, for what we call group 
II elements, b = 8, and their atomic weights were written as

Mg (24) = 16 x 1 + 8; Ca (40) = 16 x 2 + 8;
Sr (88) = 16 x 5 + 8; Ba (137) = 16 x 8 + 8

According to Thomsen, one could regard the four elements as con
sisting of 1, 2, 5 and 8 “atoms of a common constituent of atom
number 16” in combination with an atom of weight 8. He repeated 
the exercise for group VI elements (b = 0):

O (16) = 16 x 1; s (32) = 16 x 2; Se (79) = 16 x 5; Te (128) = 16 x 8

Thomsen further suggested to group together beryllium, alumini
um and zirconium. By number manipulation he reproduced their 
weights as follows:

Be (14)
Al (27.2)
Zr (67)

!/2(40 + 2) = 14 
y2(80 + 2) = 27.3 
¥2(200 + 2) = 67.3

As if to give his argument more force, he pointed out that the ratio 
between the differences of the atomic weights in the triad (67 - 27.2 
= 39.8 and 27.2 - 14 = 13.2) was almost precisely 3 (namely 39.8/13.2 
= 3.015). For a group of trivalent elements from boron (A = 11) to 
bismuth he noticed that on the assumption of “a hypothetical sub
stance of atom-number 3” the atomic weights could be neatly repro
duced as, for example,

N(14) = ll + 3; P(31) = 2 x 11 + 3x3; Sb(120) = 10 x 11 + 3 x 3 
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Thomsen found regularities of this sort to be interesting, but he re
frained from concluding that the elements actually consisted of 
smaller units of atomic weights 3, 8, 11 or 16.

The sort of numerical relationships which Thomsen suggested in 
1865, were not uncommon in the period when similar numerology 
played a role in fertilising the soil for what in 1869 appeared as the 
periodic system of the elements. One of the period’s more extreme 
chemical numerologists was the ten-year-younger Danish-born 
American scientist Gustavus Detlef Hinrichs, who in 1866 proposed 
atomic weight relations for the members of what soon became 
known as the chemical groups.7 For the groups I, II and VI, he rep
resented the atomic weights as

7. For Hinrichs as a speculative atomist and precursor of the periodic system, see 
Zappffe (1969), van Spronsen (1969), pp. 116-125, and Scerri (2007), pp. 86-92. 
Hinrichs’s analogies between astronomical and chemical phenomena were extreme 
and generally dismissed, but he was not the only chemist in the period which looked 
toward the heaven to understand the nature of terrestrial matter. To mention but one 
other example, so did the London chemist Henry Wilde in a booklet of 1892.

Group I A = 42n + 7 (n = 0,1, 2, 5, 8)
Group II A = 22h (n = 3, 5,11,17)
Group I A = 42 n (n = 1, 2, 5, 8)

The following year Hinrichs published a lithographic reproduction 
of a handwritten work entitled Atomechanik, in which he presented a 
natural system of the elements - an anticipation of the periodic ta
ble. He made sure that copies of Atomechanik arrived in Copenhagen. 
Although Thomsen was presumably aware of Hinrichs’s publica
tions, he never referred to them in his own writings. And yet the 
similarity between Hinrichs’ and Thomsen’s formulae is remarka
ble.

Hinrichs was born 1836 in Holstein, which until the Danish-Ger
man war of 1864 was a duchy ruled by the kings of Denmark, and in 
1853 he began studies at the University of Copenhagen with Forch
hammer as his teacher in chemistry. In 1861 he emigrated to the 
United States, ending up two years later as Professor of Natural 
Philosophy, Chemistry and Modern Languages (!) at the University 
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of Iowa. Hinrichs stayed in his new country until his death in 1923. 
He visited Europe a few times but not, to my knowledge, Denmark. 
According to his own statement, as early as 1855 he presented to 
Forchhammer his speculations on the unity of matter, suggesting 
that all elements were polymers of a primary substance. In his later 
writings he named the primary substance “pantogen” - that of 
which all is formed - and ascribed to it an atomic weight less than 
hydrogen’s.

In a memoir of 1894 Hinrichs recalled that Forchhammer “most 
kindly and attentively listened to me.” Although probably inaccu
rate and coloured by the passage of time, Hinrichs’s little known 
recollection is of some historical importance. It deserves to be quot
ed:

I confessed to him [Forchhammer], that... while deeply interested in 
his lectures and experiments, I was mortified at the apparent impos
sibility of my ever understanding that science [chemistiy], while physics 
and mathematics gave me no trouble whatever. He seemed much in
terested at my blunt confession and explained, that it was not possi
ble to treat chemistry like physics or mathematics, because it was an 
experimental science.“ But it must be possible, it ought to be made 
possible,” I rejoined - for which outburst I was rewarded by one of 
his most benign smiles, and an apparently greatly increased interest 
in myself. Less than a year after that conversation, I presented to him, 
for his consideration, a sketch of the first scientific contribution I ever 
made. It had for a basis the hypothesis of a single primitive substance, 
all atoms of which, therefore, were exactly equal; and I made the at
tempt to deduce the varied properties of the different chemical ele
ments from the differences in weight andform of their complex atoms, 
built up from the equal atoms of the primitive substance. This was in 
February, 1855.8

8. Hinrichs (1894), p. 54. Hinrichs was pleased to note that Forchhammer “was not 
by birth a Dane, for he was born in my own native province, Schleswig-Holstein.” All 
the same, Forchammer as well as Hinrichs were born as Danish citizens.

Given that Thomsen served as Forchhammer’s assistant at the time, 
it is hard to believe that Hinrichs and Thomsen never met person
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ally. Nevertheless, this is what Hinrichs explicitly stated in his mem
oir. If Thomsen was in some way influenced by Hinrichs’ ideas, it 
would have been indirectly and probably through Forchhammer.

In December 1868 Hinrichs addressed Steenstrup, secretary of 
the Royal Danish Academy, with a request of publishing his theory 
of Atomechanik in a Danish version in one of the Academy’s periodi
cals. Should the Academy not want to publish the work, he wrote, 
could Steenstrup please ask Julius Thomsen if it could be brought in 
Tidsskrift for Physik og Chemie? “If the treatise is too large Thomsen is 
welcome to bring only parts of it.” Steenstrup discussed the request 
with Thomsen, who was unwilling to include Hinrichs as an author 
in his and his brother’s journal. In a long letter of February 1869 
Steenstrup politely told the Danish-American natural philosopher 
that there was no possibility of a Danish publication.9 Hinrichs nev
er forgot the country of his youth. As late as 1892, congratulating the 
Royal Danish Academy of Sciences with its 150-year anniversary, he 
sent a copy of the most recent update of Atomechanik to the Academy.10

g. Hinrichs to Steenstrup, 2 December 1868; Steenstrup to Thomsen, 29 January 
1869; Steenstrup to Hinrichs, 12 February 1869. All letters in Royal Danish Academy, 
Main Archive 1868-1872.
io. Letter of 16 October 1892. Royal Danish Academy, Main Archive 1892.

While Hinrichs was led to his speculations concerning the com
plexity of atoms by considerations in a Pythagorean spirit that in
cluded a mixture of astronomy, spectroscopy and atomic weights, 
there is little doubt that the main source of Thomsen’s somewhat 
similar ideas was thermochemistry and its promise of revealing the 
nature of chemical affinity. Not content with numerology Thomsen 
discussed in his 1865 paper the possibility of testing the hypothesis 
of composite elements experimentally. He considered extreme heat
ing, electrical dissociation, and chemical processes, but only to con
clude that these methods were insufficient as they only affected the 
arrangement of atoms as held together by the ordinary force of affin
ity. The fact that present experimental techniques were unable to 
produce atomic decomposition indicated that “the hypothetical con
stituents of the elements must be bound together by a strong affini
ty,” much stronger than the chemical one operating in molecules 
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and other compounds. As an alternative he suggested, vaguely and 
speculatively, that the action of light over long periods of time might 
conceivably “transform the atoms from their unstable equilibrium 
positions to another stable equilibrium position, with the result that 
a new substance with new properties would be formed.”11

11. Thomsen (1865a), p. 114.
12. See Brock (1985), pp. 180-194.
13. Meyer (1895), p. 110, who referred to “Professor Thomsen’s recent calculations 

In the latter part of the nineteenth century, the idea that elemen
tary atoms would decompose if only exposed to forces of extraordi
nary strength, was not uncommon. It lay behind the interpretation 
of spectra, as suggested by William Crookes and Joseph Norman 
Lockyer in Britain, and also behind Crookes’ view of cathode rays 
as a “fourth state of matter.” In 1879 the amateur astronomer Lock
yer even claimed that he had succeeded in decomposing sodium 
and other elements into hydrogen by means of strong electric dis
charges.12 Lockyer soon withdrew his claim, but not his belief that 
the elements might be decomposed into smaller parts. This belief 
was shared by the German chemist Victor Meyer, a professor at the 
University of Heidelberg. Meyer and his pupils undertook a large- 
scale research programme in pyrometry in which they succeeded in 
breaking down some simple molecules into atoms at temperatures 
approaching 1700 °C. For example, at this temperature molecular 
iodine decomposed into atoms according to

I2 -4 2 I

It was a clearly expressed goal of the Heidelberg programme to 
demonstrate the decomposition of atoms into their smaller parts at 
even higher temperatures. Meyer did not consider this a utopian 
perspective and was convinced that the complexity of atoms was a 
legitimate research area for experimental chemistry. In an address 
of 1895, he said: “The complex nature of the elements, though un
proved at the present time, must today be counted as a well-found
ed hypothesis which we are justified to choose as starting point for 
further research.”13 Thomsen, thirty years earlier, much agreed.
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7.2. On the unity of matter

Thomsen only resumed his atomic speculations after he had com
pleted his systematic series of thermochemical investigations dur
ing the period 1865-1882. In a University Address from 1884 he 
praised the atomic-molecular theory as the true foundation of chem
istry and the cause for the amazing progress this science had expe
rienced in recent time. Since we cannot observe the motion of the 
smallest particles, he said, we have to proceed indirectly and infer 
the laws of the micro-cosmos from macroscopic phenomena and ex
periments. This was a recurrent theme in Thomsen’s work. More 
than twenty years later he spelled it out in the Danish summary ver
sion of Untersuchungen:

An almost impenetrable darkness hides from us the inner structure of 
molecules and the time nature of atoms. We know only the relative 
number of atoms within the molecule, their mass, and the existence 
of certain groups of atoms or radicles in the molecule, but with regard 
to the forces acting within the molecules and causing their formations 
or destruction our knowledge is still exceedingly limited.14

on the deviation from the whole numbers which is exhibited in some precisely 
determined atomic weights” (p. 97).
14. Thomsen (1905b), p. 3.

In his address of 1884 Thomsen emphasised that the scientist should 
aim at a mechanical chemistry based on knowledge of atomic and 
molecular forces and treatable by means of the general methods of 
physics. However, as these forces were still unknown, for the time 
being one had to do with hypotheses and analogies. While planets 
moved in accordance with Newton’s simple law of gravity, the law 
that governed the motion of atoms must be more complicated but 
not, he thought, of an entirely different kind.

Thomsen speculated that Newton’s law was only a special case 
of a more general force law that asymptotically passed into the in
verse-square law for large distances. “It is possible that the complete 
form of the law contains terms with higher negative exponents than 
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the inverse square,” he wrote. “The difference in mass would then 
be expressed by these terms.” In the style of the eighteenth-century 
natural philosopher Roger Boscovich he may have had in mind a 
modified force law of the kind

Whereas the coefficient A would be a constant, B would depend on 
the atomic weight. Repeating an analogy popular at the time, 
Thomsen compared the state of chemistry with that of astronomy at 
the time of Kepler or Descartes: “Chemistry is at present in a stage 
which reminds one of that of astronomy in the period shortly before 
Newton proved how all the movements in the universe could be 
deduced from general attraction.”15

15. Thomsen (1884), p. 4 and p. 26.
16. For aspects of the dream of a Newtonian chemistry, see Levere (1971), pp. 196-211 
and Gregory (1984).
17. Quoted in Crosland (1978), p. 49.

Thomsen’s allusion to Newtonian mechanics as potentially use
ful in chemistry was far from new. The dream of a “Newtonian 
chemistry” goes back to the late enlightenment period and became 
a respectable orthodoxy in the early nineteenth century. For exam
ple, it was part of Boscovich’s dynamical atomic theory, and it was 
also expounded by leading French scientists such as Laplace and 
Berthollet.16 As early as 1782, Lavoisier expressed his hope that “one 
day the precision of the data [of chemical affinity] might be brought 
to such a perfection that the mathematician in his study will be able 
to calculate any phenomenon of chemical combination in the same 
way, so to speak, as he calculates the movement of the celestial 
bodies.”17

However, according to Immanuel Kant this hope would never 
become a reality. In his post-Newtonian Metaphysische Anfangsgründe 
der Naturwissenschaft dating from 1786, the German philosopher ar
gued that chemistry could never be a genuine science because its 
subject matter was intractable to the methods of mathematics and 
systematic deduction from higher principles. The results of chemis
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try, he claimed, were contingent and did not follow by necessity 
from the fundamental laws of nature, such as did the results of the 
much admired mechanical physics. Kant’s philosophically based 
verdict on the non-scientific nature of chemistry was this:

I assert that in any special doctrine of nature there can be only as 
much proper science as there is mathematics therein. For, ... all proper 
natural science requires a pure part lying at the basis of the empirical 
part, and resting on a priori cognitions of natural things. Chemistiy 
can be nothing more than a systematic art or experimental doctrine, 
but never a proper science, because its principles are merely empiri
cal, and allow of no a priori presentation in intuition. Consequently, 
they do not in the least make the principles of chemical appearances 
conceivable with respect to their possibility, for they are not receptive 
to the application of mathematics.18

i8. Kant (2004), pp. 6-7. It is worth pointing out that Thomsen’s teacher H. C. 
Ørsted was greatly influenced by Kant’s book.

But the great philosopher from Königsberg failed to imagine the 
rapid progress in theoretical chemistiy that occurred during the 
nineteenth century and accelerated in the first decades of the follow
ing century. Thomsen, for one, was convinced that his own work in 
thermochemistry was a step along the road that would lead to a 
complete understanding of chemical affinity on the basis of me
chanical physics. He probably was unaware of Kant’s verdict and in 
any case disagreed with it.

In his 1884 address Thomsen did not mention Mendeleev’s peri
odic system, which at the time had been introduced by younger 
Danish chemists. On the other hand, he briefly alluded to the kind 
of evolutionary scenarios that he had earlier dealt with in a popular 
context. For example, he imagined that our elements might be low- 
temperature condensates derived from other and more primitive 
forms of matter that only existed in the hot stars. This was an old 
idea, vaguely suggested by Colding amongst other in the 1850s 
(Section 3.3). As an interesting possibility Thomsen mentioned that 
there might be elements hidden in chemical compounds that exist 
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in free form in the Sun. By 1884 evolution meant Darwinian evolu
tion, a theme that Thomsen briefly alluded to in regard to the differ
ent affinities of the elements. “The atoms attract some other atoms 
more strongly than others; this shows that to some extent the right 
of the strongest is [also] valid in chemical processes,” he said.19 Like 
in his 1865 paper, Thomsen confirmed his belief that atoms were 
unlikely to be the most primitive form of matter. The “so-called 
atom” was neither simple nor indivisible:

ig. Thomsen (1884), p. 12. He most likely had read Darwin’s Origin of the Species, 
possibly in the Danish translation by the novelist J. P. Jacobsen which appeared 
1871-1872, but we do not know when or how he got acquainted with Darwin’s ideas. 
It should be pointed out that the quotation of Thomsen does not necessarily imply 
an influence from Darwinism. As early as 1850, years before the publication of Origin, 
Thomsen referred to “the right of the strongest” in the molecular world. It is perhaps 
significant that he spoke of “the strongest” and not “the fittest.” See Thomsen 
(1850a), p. 11 and similarly Thomsen (1852), p. 157.
20. Thomsen (1884), p. 25. Alizarin was first synthesised in 1868 and a few years later 
manufactured on an industrial scale, leading to a sharp decrease in the production of 
dyes from madder. While Adolf von Baeyer and his collaborators succeeded to make 
synthetic indigo in the early 1880s, it was on laboratory scale only; by 1884, when 
Thomsen wrote his essay, no industrial indigo had yet been produced. That only 

It is possible that the future will show the different atoms to be de
composable into smaller parts carrying common properties. Al
though all attempts to decompose the elements into different con
stituents have so far yielded a negative result - it is not unlikely that a 
discoveiy of new modes of action for the force will provide such 
means the range of which cannot at present form any reasonable idea. 
... The decomposition of the elements into more elementary constitu
ents is only a matter of time.

Thomsen, equally at home in pure and applied chemistry, not only 
presented chemistry as a fundamental science but also called atten
tion to some of its recent and most amazing industrial applications. 
He referred to the progress in organic synthesis which had led to the 
manufacture of “the well-known dyestuffs in the indigo plant and 
madder ... and a series of so-called aniline dyes which now threaten 
to completely supplant the older dyes based on plants.”20 And this 
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was only the beginning, for Thomsen stated, confidently and opti
mistically, that eventually chemists would be able to synthesise all 
organic substances from their elementary constituents. He saw no 
reason why the medically useful compounds quinine and morphine 
would not one day be produced in the laboratory. On the other 
hand, he stopped short at living organisms. Recall that in 1853 
Thomsen had doubted if it ever would become possible to synthe
sise vegetable substances (Section 3.2).

Thomsen did not explicitly refer, either in his 1884 address or in 
earlier publications, to the periodic system of the elements which 
Dmitrii Mendeleev and Lothar Meyer had independently and large
ly simultaneously introduced in 1869. Yet he was almost certainly 
aware of the system at an early date. For example, in a critical re
sponse to one of Thomsen’s papers, dealing with the constitution of 
iodic acid, Meyer referred in 1873 to his own and Mendeleev’s peri
odic classifications of the elements.21 Thomsen undoubtedly stud
ied Meyer’s paper carefully.

happened in the late 1890s, when BASF (Badische Anilin und Soda Fabrikation) 
started commercial production.
21. Meyer (1873); Thomsen (1873b).
22. Christensen (1880). For this and other Danish contributions to the periodic 
system and its local dissemination until about 1910, see Kragh (2015). Christensen 
further pointed out that the recent determination of beryllium’s atomic weight to 9.1 
(rather than approximately 14) was in agreement with Mendeleev’s system.
23. Sebelien (1884b). Sebelien specialised in dairy chemistry and in 1889 he went to 
Norway, where he became professor of chemistry at the Norwegian Agricultural

It took until 1887 before Thomsen referred to the periodic table 
or system. The first Danish chemist to review the chemical elements 
within the context of the periodic system was Odin T. Christensen 
in a paper in Popular Expositions of 1880. At the time an assistant at the 
laboratory of the Polytechnic College (and later a professor at the 
Agricultural College), Christensen expressed great confidence in 
Mendeleev’s system because of its successful predictions of the me
tallic elements gallium, scandium, and germanium.22 Four years 
later John Sebelien, a young polytechnic chemist, wrote an exten
sive prize essay on the history of atomic weight determinations in 
which he referred to the periodic system.23 The subject of the prize
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Figure 7.1. Thomsen’s first version of the periodic system. Source: Thom
sen (1887a).

contest announced by the University of Copenhagen in 1882 was “A 
historical and critical exposition of attempts to determine the atom
ic weights of the elements.”24 The answers were evaluated by C. 
Holten, S. M. Jørgensen and Thomsen, who found Sebelien’s essay 
worthy of a gold medal. Sebelien also discussed in some detail 
Prout’s hypothesis, if only to conclude that it was probably “illuso
ry.” The following year yet another young Danish chemist, 23-year- 
old Rudolph Koefoed, published a review in 'Tidsskrift of what he 
called the periodic law and in which he referred to the works of 
Mendeleev and Meyer. Koefoed suggested that now the chemists 
were on their way to establishing their science on a principle nearly 
as universal and reliable as Newton’s law of gravity was for the as
tronomers.25

College.
24. Københavns UniversitetsAarbog 1882-1883, pp. 197-198. One suspects that the subject 
of the prize contest was due to Thomsen.
25. Koefoed (1885), who paid particular attention to Meyer’s system and the 
periodicity shown by the variation of the elements’ atomic volumes.

Ina pamphlet of 1887 written on the occasion of the king’s birth
day and entitled Om Materiens Enhed (O n the U nity of Matter), Thom
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sen finally addressed the periodic system and its relevance to the 
question of the complexity of chemical atoms with which he had 
dealt earlier. His two publications of 1884 and 1887 were published 
in Danish only and consequently not widely known outside Scandi
navia. However, Hinrichs referred to them in his booklet of 1894 
and so did the American chemist Francis Venable two years later.

Compared to his earlier writings, in his more bold account of 
1887 Thomsen went further by not only suggesting that the ele
ments were complex, but also that they consisted of various combi
nations of hydrogen atoms. Moreover, he discussed the periodic 
system (without using the term, though). As far as Thomsen’s ver
sion of the periodic system is concerned - he judged it to be “rather 
satisfactory” - it did not differ substantially from Mendeleev’s ver
sion (Figure 7.1). Open places in Thomsen’s system indicated two 
unknown elements “with atomic weights approximately 100 and 
188, and with properties analogous to manganese.” The prediction 
of two manganese-like elements was not original, as Mendeleev and 
other chemists had already made the same observation.26

26. Mendeleev estimated the atomic weights of the two unknown metals to be 100 
and 190, see Scerri (2007). Technetium with atomic weight 99 and rhenium with 
weight 186 were discovered in 1940 and 1925, respectively, the first synthesised in 
nuclear reactions.
27. See the detailed account in Brock (1985) and also Hamerla (2003). An older but 
still useful survey is given in Freund (1904), pp. 593-624.

Thomsen found the idea that the atoms of all elements consist of 
hydrogen atoms to be highly appealing. The idea is known as 
Prout’s hypothesis, a name referring to the British physician and 
chemist William Prout who suggested it as early as 1815.27 From the 
hypothesis follows a testable relation for the atomic weight of any 
element Ax, namely that it has to be a whole multiple of hydrogen’s 
weight:

Ax = nAH with n being an integer in the range 1 to ca. 240.

Prout’s hypothesis or “law” in its original form became increasingly 
difficult to defend as atomic weight determinations showed that it 
was not supported by experiment. Berzelius, for one, rejected it for 
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this reason. With the very precise atomic weight determinations 
that the Belgian chemist Jean Servais Stas published in 1860, Prout’s 
law greatly lost in credibility. Stas’s measurements proved beyond 
any reasonable doubt that the atomic weights of the elements were 
not in general multiples of that of hydrogen, and that consequently 
Prout’s law was incorrect. This conclusion was generally accepted.

However, it was easily possible to modify the Proutean idea of 
atomic unity of matter into versions that were not refuted, or even 
not refutable, by experiment. These possibilities were eagerly ex
plored, and much ingenuity was applied in saving the philosophi
cally attractive idea. After all, atomic weights of most elements did 
approach whole numbers so closely that it could scarcely be acci
dental; many physicists and chemists in the Victorian era felt it nat
ural to conclude that there must be some underlying regularity in 
the structure of the elements, some modification of Prout’s hypoth
esis. Julius Thomsen was one of them, and he was not the only Dan
ish chemist who was fascinated by the hypothesis. Emil Petersen, 
who in 1901 was appointed professor at the University of Copenha
gen, wrote in 1890 a popular article in which he supported the basic 
unity of matter and its relation to the periodic system.28

28. Petersen (1890), which in spirit and content was closely similar to Thomsen’s 
publications from the period. See also Kragh (2015).

Although Thomsen supported the Proutean view of the unity of 
matter based on a common primitive constituent, he realised that 
Prout’s law could not be maintained in its original form. To escape 
refutation of the law he mentioned two possibilities. First, the de
viations of the atomic weights (based on H = 1) from whole num
bers could have its cause in traces in the elements of some other, 
chemically related element. But this possibility he did not find en
tirely satisfactory. For many elements, and chlorine with its atomic 
weight of 35.5 in particular, it was hard to believe that their weights 
could be so distorted by pollution with other elements. No, Thom
sen favoured another alternative, namely that “the atoms of our so- 
called elements are generated by combination of the uniform, mini
mal atoms of a primeval substance,” this substance being lighter 
than hydrogen. A conjecture of this kind had been proposed by
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Prout as early as 1831 and in a paper of 1873 F. W. Clarke argued 
that the primeval substance might have an atomic weight equal to 
one-half of hydrogen’s. In that case Prout’s law would be revised to

Ax = |uAH with n being an integer in the range 2 to ca. 480.

In this form the law would fit with the half-integral value of chlo
rine’s atomic weight.

Thomsen thought that the primeval atoms were perhaps identi
cal to those of the element “helium” inferred from solar spectros
copy. As he argued, the more simple an element is, the fewer lines 
there are in its emission spectrum. This assumption he saw con
firmed in the case of hydrogen “whose atomic weight is the lowest 
and whose spectrum is so simple that it consists of only three lines.” 
In fact, in the mid-1880s five emission lines of hydrogen had been 
detected but apparently without Thomsen being aware of it.29 Since 
helium’s spectrum consisted of just a single line, Thomsen contin
ued his line of reasoning: “This hypothetical substance, the atomic 
weight of which must be assumed to be smaller than that of hydro
gen because of the simplicity of its spectrum, has been named heli
um, and in this substance we might have matter in its primeval state 
from which our atoms and molecules have evolved by cooling and 
condensations.”30 The solar spectral line due to helium was first ob
served by Lockyer in 1868 but at the time without assigning it to a 
new element (Figure 7.7). The name “helium” first appeared in 
print in 1871. Thomsen was not the first chemist to speculate that 
helium’s atomic weight was 0.5, for this is what Clarke suggested in 
his paper more than a decade earlier.31

29. A. J. Ängström identified three hydrogen lines in 1862 and by 1885 two more were 
detected. In the same year Johann Balmer proposed his famous relation which 
implied many more hydrogen lines outside the visible spectrum. Thomsen seems not 
to have followed the development in spectroscopy closely.
30. Thomsen (1887a), p. 32. More about helium and the inert gases follows in Section 
7.6.
31. See Kragh (2009), p. 170 and Nath (2013), p. 210. It is unlikely that Thomsen 
knew of Clarke’s paper published in Popular Science Monthly.
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Why, Thomsen asked, do the elements only occur with certain 
atomic weights while others are missing, perhaps even prohibited? 
Why do the elements in the first period have atomic weights 7,9,11, 
12, 16 and 19, while there are none with weights 8, 10, 13 and so 
forth? Amplifying on his comments of 1884, Thomsen formulated 
the question in quasi-Darwinian terms. With regard to the question 
of the origin of the elements, the chemist was “in a position similar 
to the one of the biologist with regard to the constancy of the spe
cies,” he wrote. As Darwin and other biologists had arrived at the 
evolution theory without being able to conduct experiments on the 
evolution of species, so the chemist had to rely on indirect argu
ments in the case of inorganic evolution:

Just as the biologist supposes that the right of the fittest has mani
fested itself in the evolution of the species ... the chemist has shown 
that the atomic weights of the elements do not form a successive se
ries of numbers. Many numbers are missing among the known ele
ments, and he is tempted to seek the answer in the right of the fittest 
which has manifested itself and only allowed the formation of atoms 
of a structure firm enough for a continuous existence. ... The biolo
gist believes that evolution from one species to another occurs 
through a series of generations ... and the chemist must presumably 
adopt a similar hypothesis if he is to suggest the mechanism by means 
of which the transformation or development of an element leads to 
another element.32

32. Thomsen (1887a), p. 37.

One may assume that the sources of Thomsen’s quasi-Darwinian 
analogies did not only come from the local debate concerning Dar
win’s theory, but also from the international scientific literature. 
Since the early 1870s several chemists, physicists, astronomers and 
philosophers had suggested inorganic extensions of Darwinian evo
lution. The British-Australian physicist Morris Pell wrote in 1872 
about an original “warfare among the molecules” governed by the 
principle of natural selection. According to Pell, the fittest of the 
molecules would conquer those who were too weak to survive in the 

279



JULIUS THOMSEN. A LIFE IN CHEMISTRY AND BEYOND SCI.DAN.M. 2

struggle for existence.33 Other scientists who explicitly invoked 
Darwin’s theory in more than just a metaphorical sense included 
the British-German physiologist William Preyer and the Austrian 
physical chemist Leopold Pfaundler, professor at the University of 
Innsbruck. The latter worked in areas close to Thomsen’s, such as 
chemical dissociation, thermochemistry and equilibrium theory, 
and in 1876 he concluded that “Darwin’s principles are valid also in 
the molecular world.”34 According to Pfaundler, equilibrium pro
cesses could be understood in analogy with Darwin’s doctrine of 
the survival of the fittest in the struggle for existence.

33. Pell (1872), p. 185. See Kragh (2009b) for a survey of inorganic Darwinism.
34. Pfaundler’s Darwin-inspired chemistry is described in Snelders (1977), which 
includes references to the literature.
35. Crookes (1886), p. 561, and Brock (1985), pp. 195-197. Whereas Thomsen (1887a) 
did not refer to Crookes’ ideas, Petersen (1890) did. On the other hand, Petersen did 
not mention helium.

Of more direct inspiration for Thomsen’s 1887 essay was proba
bly a much-discussed address which the prominent British chemist 
William Crookes gave to the British Association for the Advance
ment of Science in 1886. As indicated by the many similarities be
tween the two works, Thomsen had almost certainly read the ad
dress. According to Crookes, it was natural to view “existing 
elements not as primordial but as the gradual outcome of a process 
of development, possibly even of a ‘struggle for existence’.”35 
Crookes further referred to the still hypothetical helium as a possi
bly a simpler element than hydrogen and “with atomic weight half 
that of hydrogen, [as] required by Mr. Clarke as the basis of Prout’s 
law.” Thomsen may have got his idea from the British chemist.

Compared to Crookes’s address there was little new in Thom
sen’s 1887 essay except that the Danish chemist suggested that the 
“fitness” of the known elements might be associated with the degree 
of symmetry exhibited by the minimal constituents of the compos
ite atoms. By arranging hypothetical material particles in symmetric 
patterns, he found the patterns suggestive of an explanation of the 
known atomic weights and to an explanation of the periodic table 
(Figure 7.2). In these atomic models, as they may be regarded, he 
imagined the material parts to be arranged in space, rotating around
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Figure 7.2. Thomsen’s schematic illustration of the possible constitution of 
the atoms of chemical elements. Source: Thomsen (1887a).
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an axis. He emphasised, however, that his pictorial atoms “should 
not be regarded as an expression of the true constitution, but mere
ly as a vague indication that the cause of the elements having ex
actly the observed atomic weights might be sought in the symmetric 
structure of the so-called atoms.”36

36. Thomsen (1887a), p. 29.

7.3. Prout’s hypothesis revived

In the speculations mentioned so far, Thomsen had not directly 
faced the weighty arguments which Stas and others had launched 
against Prout’s hypothesis. This he did in 1894, in a memoir which 
was published by the Royal Academy of Sciences in Danish lan
guage and also, with a slightly extended text, in French. It was read 
to the Academy on 14 December 1894. In this memoir he expressed 
as his hope that he would “succeed in breathing new life into this 
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hypothesis [Prout’s] which has been several times sentenced to 
death.”37 His elaborate attempt at revival consisted in considering, 
not the atomic weights themselves, but their deviations from inte
gral values. As Thomsen’s work can only be understood within the 
discussions which in the late nineteenth century took place as to a 
possible reconciliation of Prout’s hypothesis with experimental 
data, a brief survey of this discussion will be useful.

37. Thomsen (1894a), p. 321. The French version was Thomsen (1894b).
38. Meyer (1872), p. 293. For chemical uses of the ether at the end of the nineteenth 
century, see Kragh (1989).

The existence of an all-pervading world ether was generally ac
cepted in the late nineteenth century, when it served as the very 
foundation of physicists’ theories of electrodynamics and optics. 
Although the concept of the “luminiferous” ether was primarily of 
interest to the physicists it also played a role in the way that many 
chemists thought about the secrets of matter. Thomsen was one of 
the chemists who took the ether seriously. According to the “ether 
condensation hypothesis,” the deviations from integral atomic 
weights might be due to amounts of the ethereal substance which 
condensed upon the surface of material atoms. As early as 1872, 
Lothar Meyer imagined that “apart from the particles of this pri
mary matter [hydrogen] there may be included in the constitution 
of the atom larger or smaller amounts of that substance, perhaps 
not being completely weightless, which fills up the universe and we 
use to call the light ether.”38 He repeated the suggestion in later edi
tions of his influential textbook Die Modemen Theorie der Chemie. Sev
eral other chemists made use of the ether for similar purposes, in
cluding Isidor Traube and Julius Quaglio in Germany, Thomas 
Carnelley in Britain, and William Livermore in the United States.

The ether condensation hypothesis was tested experimentally in 
the early 1890s based on the reasonable assumption that the quan
tity of condensed ether would change during a process between two 
different substances. In other words, an exact determination of 
weights before and after a simple chemical reaction, such as

Hg + Br2 HgBr2, 
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might provide an answer. D. Kreichgauer in 1891, Hans Heinrich 
Landolt in 1893 and Adolf Heydweiller in 1894 performed weight 
determinations of unsurpassed accuracy only to conclude that the 
relative change of weight was less than 2 x 10'8 and thus unable to 
account for the deviations from whole numbers. Landolt’s conclu
sion that “the last resource which was still open for Prout’s hypoth
esis, is now blocked,” was generally accepted.39 However, although 
admitting the accuracy of the measurements of the German chem
ists, Thomsen was not ready to accept Landolt’s conclusion. Per
haps a change in weight would turn up in processes where only one 
sort of atom was involved?

39. Landolt (1893), p. 34. For references to the experiments, see Ehrenfeld (1906) 
and Kragh (1982).
40. Thomsen (1894a), p. 312. Thomsen never published his data, apparently 
considering the experiments to be a failure and thus of no interest.
41. See, for example, Meyer and Seubert (1885). Hinrichs (1894) was part of the 
dispute.

In careful experiments conducted over several months Thomsen 
investigated the allotropic and exothermic transformation of white 
into red phosphorus, which can be written as

P4 —> 4 P + energy

Contrary to what should be expected from the ether condensation 
hypothesis, the result was that “loss of potential energy and its 
transformation into heat... does not affect the weight of the body.”40 
Although Thomsen was now forced to abandon the ether condensa
tion hypothesis, his belief in Prout’s law remained undiminished. 
The solution, he thought, might lie in a reconsideration of the 
atomic weights.

During the last two decades of the nineteenth century a dispute 
went on concerning the proper unit for atomic weights - basically 
H = 1 versus O = 16 - and how the choice of unit would affect the 
evaluation of Prout’s hypothesis.41 A central issue in the dispute was 
the experimentally determined atomic weight ratio between oxygen 
and hydrogen. Did the ratio deviate significantly from 16? Attempts 
to answer the question had one very important if completely unex
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pected consequence: It was Lord Rayleigh’s measurements of 1888 
(with the result O : H = 15.880) that became the starting point of the 
process that six years later led to his and William Ramsay’s momen
tous discovery of argon.42

42. See Rayleigh (1892) and also Scott (1896), p. 209. Argon and its consequences are 
considered in Section 7.6.
43. Thomsen (1870a).
44. Thomsen (1894c), p. 406. Thomsen’s conclusion was criticized by Meyer and 
Seubert (1894), who thought it was unfounded.

Thomsen had for long taken an interest in the issue, if not always 
in relation to Prout’s hypothesis. As early as 1870 he found on the 
basis of Avogadro’s law that the O : H ratio was somewhat smaller 
than 16.43 By means of even more precise atomic weight determina
tions Thomsen hoped to prove that the atomic weight of oxygen 
relative to hydrogen was 16 exactly (Figure 7.3). In late 1893 he 
performed very precise measurements of the O : H ratio by means 
of a new indirect method based on the process

NH3 + HC1 -4 NH4C1

Denoting the ratio between the molecular weights of NH3 and HC1 
by x, it follows from mass conservation that

A %AC1 — An
A11“ 3 — x

Thomsen found x = 0.467433 and in this way a value for O : H very 
close to 16. “The result of this investigation shows without any 
doubt,” he concluded, “that the atomic weight of hydrogen relative 
to that of oxygen is as close to 1:16 as can be expected if the una
voidable uncertainties of the atomic weights [of N and Cl] are taken 
into account.”44 However, Thomsen was able to reach this conclu
sion only by using atomic weights for N and Cl that fitted his pur
pose but were not accepted by the majority of chemists.
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Figure 7.3. Part of Thomsen’s experiments to measure the atomic weight 
ratio of oxygen and hydrogen. Source: Thomsen (1895a).

His further efforts did not result in what he had hoped for.45 Works 
between 1894 and 1896 gave a value less than 16 (in terms of H = 1) 
and in good agreement with the O : H ratio found by other chem
ists. At about the same time the American chemist Edward Morley, 
at the Case Western Reserve University, completed his own and no 
less meticulous study on the subject. He arrived at a result that dif
fered only slightly from Thomsen’s:46

45. Thomsen (1895a); Thomsen (1896). The two papers were dated 24 September 
and 19 November 1895, respectively.
46. See Clarke (1896), pp. 197-201, who also referred to Thomsen’s value. Details are 
given in Hamerla (2003). Morley is perhaps best known for his collaboration with 
Albert Michelson in the famous Michelson-Morley experiment aimed at determining 
the motion of the Earth relative to the ether. This experiment is often, if not quite 
correctly, seen as the origin of Einstein’s theory of relativity.
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Morley
Thomsen

O : H = 15.879 ± 0.00032
O : H = 15.8690 ± 0.0022

Comparing the two sets of measurements, William Noyes at the 
Rose Polytechnic Institute in Indiana admitted that Thomsen was 
“an experimenter of unusual ability” but nonetheless argued that 
Morley’s value was definitive.47 The question concerned more than 
just experimental accuracy and minutiae, for behind it lurked the 
ghost of Prout. As Morley said in 1896, referring to the legendary 
bed of Procrustes:

47. Noyes (1896). The British chemist Alexander Scott, at the time a demonstrator in 
Cambridge, agreed. He saw Thomsen’s new results, if taken together with those of 
Morley, as proof that Prout’s law in its original form was wrong. See Scott (1896).
48. Quoted in Hamerla (2003), p. 371.

This fable was really a prophetic vision; the bed is Prout’s hypothesis; 
our friends who admire it want to stretch the most unyielding quanti
ties, and to lop off numbers which have been determined with the 
greatest precision. The chapter has come to an end. Prout’s hypoth
esis cannot be proved by experiment.48

While Morley’s colleague in Copenhagen may have agreed by 1896 
that Prout’s hypothesis was untenable, two years earlier he was not 
so sure.

Thomsen’s new idea was to base the atomic weights on a “ra
tional” scale, instead of the one in which the weight of oxygen was 
arbitrarily fixed to 16. The new scale was supposed to show the reg
ularity of the deviations from whole numbers which was not ex
posed by the O = 16 scale. Fixing the weight of oxygen to 16(1 + q) 
instead of 16, the increase for an element of atomic weight m would 
then be mq. Thomsen asked if there exists a value of q for which the 
deviations from whole numbers show a remarkable regularity, and 
found that with q = 0.00075 the wanted regularity turned up. For 
this value the atomic weight of oxygen becomes

Ao = 16(1 + 0.00075) = 16.0122
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“I then tried,” Thomsen wrote, “to find the result, all the mentioned 
atomic weights being ... expressed in terms of an atomic weight of 
16.0122; much to my surprise, it turned out that the deviations from 
whole numbers for all atomic weights had to be multiples of ap
proximately 0.0120.”49 With Z and n being integers, Thomsen’s for
mula was

49. Thomsen (1894a), p. 317. See also Thomsen (1894d) for his recalculations of 
Stas’ atomic weights. His attempt to rescue Prout’s hypothesis was mentioned in 
Ehrenfeld (1906) together with other similar attempts.

M = Z±n x a, with a = 0.012

He found that if the rational atomic weights written in this manner 
were divided by 1.0075, and thus transformed to the standard O = 
16 scale, the resulting atomic weights were very close to those found 
experimentally. Table 5 gives Thomsen’s data and his recalculated 
atomic weights compared to Stas’s values.

Table 5. Thomsen’s atomic weights for select elements.

Element Rational 
atomic weights 
(a = 0.012)

Empirical 
atomic 
weights

Stas’s 
values 

(O = 16)

Thomsen ’s 
values 

(O = 16)
Ag 108 + a = 108.012 107.930 107.930 107.9299
Cl 35.5 - 2a = 35.476 35.449 35.457 35.4494
Br 80 + a = 80.012 79.951 79.952 79.9510
I 127-4a = 126.952 126.856 126.850 126.8556
S 32 + la = 32.084 32.060 32.0742 32.0606
Pb 207 + 5a = 207.060 206.904 206.034 206.9042
K 39 + 15a= 39.180 39.150 39.1425 39.1507
Na 23 + 6a = 23.072 23.055 23.0455 23.0543
Li 7 + 3a = 7.036 7.031 7.022 7.0307
N 14 + 4a = 14.048 14.038 14.055 14.0396

According to Thomsen, the formula M = Z±n x a was not fortuitous, 
but exposed the regularity of the inner structure of the atoms. The 
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atoms of the elements, he wrote, “have evolved out of combinations 
of particles of a common basic substance; but to the masses of the 
atoms something unknown is also joined, an amount of energy or 
something which materially influences the chemical character of the 
atoms and their apparent ways in such a way that the empirical 
atomic weights do not exactly express the real masses of the atoms.” 
As regards the nature of the mysterious “something unknown” 
Thomsen had to fall back on pure imagination, possibly inspired by 
the no less imaginative ideas of contemporary chemists and physi
cists.50

50. According to one version of the so-called perturbation hypothesis, inter-atomic 
forces might act as perturbing forces masquerading as a mass; as a result, the weight 
of a compound atom would not be exactly the sum of the weights of its elementary 
atoms. Somewhat similar ideas were carried over in the new atomic and relativistic 
physics of the early twentieth century in which Einstein’s energy-mass equivalence as 
given by E = mi~ was taken into account. See Farrar (1965) and Siegel (1978).
51. Thomsen (1894a), p. 323.

As an alternative to the ether condensation hypothesis Thomsen 
suggested that the unknown quasi-substance might be due to elec
trical forces. If one assumes that the primitive atoms are inseparably 
associated with a quantum of electrical charge, positive or negative, 
then the globe would be a huge, charged body, attracting or repel
ling the individual atoms. And then the weight of a chemical sub
stance found empirically, would be the result of two forces, a gravi
tational and an electrical one, acting in the same or in the opposite 
direction:

In the first case the apparent weight of the substance would be higher 
than the tine mass of the substance, and in the second it would be 
lower. If we imagine the atoms to be charged with positive or nega
tive electricity, then the first mentioned atoms would appear with a 
higher weight, the last mentioned with a lower weight ... than the 
value which corresponds to the time mass of the atom and which finds 
its expression in the whole numbers.51

Clearly, Thomsen’s attempt to give a physical explanation of the 
observed atomic weights in agreement with Prout’s hypothesis was 

288



SCI.DAN.M. 2 CHEMICAL ELEMENTS

vague and speculative. Hinrichs criticized it, not unreasonably, for 
being “a sort of reduction ad absurdum of the whole system of Sta- 
sian atomic weights.”52 Thomsen may have received inspiration 
from the classical theory of electrons and the idea of an electromag
netic mass which at that time - even before experiments revealed 
the reality of the electron - was much discussed by physicists. How
ever, this is nothing but a conjecture. Thomsen never referred to the 
physicists’ discussions and also did not refer to the electron discov
ered by J. J. Thomson and others in 1897.53

52. Hinrichs (1894), p. 60.
53. Thomson was a neo-Proutean no less than Thomsen was. His discovery of the 
electron and first atomic models based on the elementary particle led him to sketch 
an explanation of the periodic system. In this work he was much inspired by the 
chemists’ view of a common primitive substance. See, for example, Kragh (2002).
54. Wedell-Wedellsborg (1897). The author thanked Thomsen for conversations 
with him and for having inspired him to take up his work.

That Thomsen might nevertheless have been aware of these dis
cussions is suggested by a pamphlet published in 1897 by Peer So
phus Wedell-Wedellsborg, a young Danish nobleman. Wedell- 
Wedellsborg was trained in mathematics and defended in 1894 a 
doctoral dissertation on the three-body problem in celestial dynam
ics, but his real interest seems to have been foundational theories of 
physics and chemistry. Inspired by Thomsen’s ideas of the relative 
weights of atoms - and after having discussed the subject with him 
- Wedell-Wedellsborg proposed a new unitary theory of matter, en
ergy and electromagnetism, indeed of everything.54 Referring to re
cent work by Ostwald, J. J. Thomson, John Poynting and others he 
sketched a speculative theory that combined chemical forces with 
gravitation, light pressure and much more. As to the interatomic 
force between two atoms of mass m,\ and m2 he suggested that it was 
due to a gravitational potential of a form somewhat similar to what 
Thomsen had referred to in 1884, namely

U = G
mAm2

r
+

00

Zan 
r2n+l 
n=l

Describing atoms in terms of electro-gravitational forces, he stated 
that “each atom permeates the entire universe.” It is unknown if 
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Thomsen took Wedell-Wedellsborg’s over-ambitious speculations 
seriously or that he encouraged him to develop them. The author of 
the pamphlet published a few papers on theoretical physics in rec
ognised journals such as Annalen der Physik and Zeitschriftfir physikalis
che Chemie but then seems to have left science.55 Thomsen never re
ferred to him.

55. These papers were on the theory of terrestrial magnetism and on Poynting’s 
theorem in electromagnetism. P. S. Wedell-Wedellsborg was born in 1864 and died 
1951.
56. Mendeleev (1889), p. 643.
57. Venable (1896) provides a comprehensive overview of the many periodic systems 
from 1869 to 1896 and attempts to interpret them theoretically.

7.4. Periodic systems

As mentioned, the establishment of the periodic system of the ele
ments gave much impetus to the ideas of complex atoms and the 
unity of matter. “The periodic law, together with the revelations of 
spectrum analysis,” Mendeleev said in 1889, “have contributed to 
again revive an old but remarkably long-lived hope - that of discov
ering ... the primary matter.”56 Lothar Meyer, one of the originators 
of the system, was convinced that the regularity of the atomic 
weights was the key to understanding the unity of matter and the 
atoms as consisting of compounds of even smaller bodies. Dozens 
of other chemists agreed that there was a profound connection be
tween the new periodic system and the constitution of atoms, and 
yet the belief was far from generally accepted.57 Many chemists and 
physicists of a positivist inclination considered explanations of the 
periodic system in terms of atoms or subatomic entities as pure met
aphysics, threatening the entire scientific character of chemistry. Al
though the periodic system was recognised to be a useful means of 
classification and one of considerable predictive power, they felt 
that atomistic, evolutionary or numerological speculations were not 
only premature but fundamentally wrong. Such speculations con
stituted a reactionary movement, a return to the non-scientific 
thinking of the old alchemy.

Positivists and phenomenalists could draw on no less an author-
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Figure 7.4. D.I. Mendeleev, the founder of the periodic system.

ity than Mendeleev, according to whom neo-Proutean attempts in 
explaining the periodic system were not only “utopian” but also 
based on “prejudices.” In his 1889 Faraday lecture - given the same 
year as he was elected a corresponding member of the Royal Danish 
Academy - he made his point clear:

The periodic law, based as it is on the solid and wholesome ground of 
experimental research, has been evolved independently of any con
ception as to the nature of the elements; it does not in the least origi
nate in the idea of a unique matter ... it affords no more indication of 
the unity of matter or of the compound character of the elements, 
than the law of Avogadro, or the law of specific heats, or even the 
conclusions of spectrum analysis.58

58. Mendeleev (1889), p. 647. The Faraday lecture is reprinted in Jensen (2002), pp. 
162-188.
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Mendeleev was not foreign to the idea of the periodic table some
how expressing the nature of the elements, but he thought that such 
ideas were premature and not worth engaging in at the present 
stage of scientific knowledge.

To the extent that Thomsen subscribed to a philosophy of sci
ence it can with some qualification be characterised as positivist and 
empiricist (but see Section 7.1). It was not far from the one defend
ed by Mendeleev in his Faraday lecture. And yet, as we have seen, 
he was at the same time a believer in the unity of matter and the 
composite nature of the chemical elements. These ideas predated 
the periodic system and it took him some time before he recognised 
in the system a reflection of the unity of matter that he had held for 
more general reasons. He first spelled out the connection in his 1887 
paper, where he presented his own Mendeleev-like version of the 
periodic system. Eight years later he suggested a more original ver
sion of the system, an alternative to the standard version with hori
zontal periods and vertical groups (Figure 7.5).

In Thomsen’s system of 1895, the groups were arranged horizon
tally and the periods vertically, which resulted in an “easily grasped 
relationship between the elements.” He explained: “The lines con
necting the related elements proceed from hydrogen in two ways; 
on the one hand to the electropositive lithium and on the other to 
the electronegative fluorine. Between these members are grouped in 
the usual way the other members of the first row.”59 In a comment to 
a paper by the American scientist Matthew Carey Lea, Thomsen 
pointed out that the colours of the elementary ions varied with the 
atomic weight in a manner that appeared clearly in his new periodic 
table.60 Thomsen’s system was well known in the fin de siede period, 
but it was only one system out of many and did not attract particu
lar attention. Walther Nernst referred to it in his widely read text
book, mentioning that Thomsen “lays stress chiefly on the electro- 

59. Thomsen (1895b), p. 132. The memoirwas read to the Royal Danish Academy on 
22 March. It appeared in a slightly different German version as “Systematische 
Gruppierung der chemischen Elemente” in Zeitschriftfür anorganische Chemie 9 (1895): 
190-193, and was also translated into English in ChemicalNews 71 (1895): 89-91.
60. Thomsen (1895d).
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positive and negative character of the elements, and brings this out 
more clearly in his arrangement.”61

61. Nernst (1904), p. 186.
62. For references to the tables of the three British scientists, see Kragh (1982) and van 
Spronsen (1969). In a letter to Thomsen of 27 September 1895 the American chemist 
Francis Venable pointed out the similarity between his system and those of Bayley 
and Carnelley (Royal Library, TSC). In his letter of response Thomsen wrote that 
“the work of these authors was entirely unknown to him.” See Venable (1896), p. 272.
63. George von Hevesy found this version of the periodic system in archival material 
belonging to Thomsen. It is reproduced in Hevesy (1927), p. 5. I have been unable 
to locate the Thomsen Nachlass mentioned by Hevesy.

Thomsen’s use of horizontal groups and vertical periods was not 
entirely original, as a somewhat similar system had been proposed 
by Thomas Bayley in 1882 and later also by Thomas Carnelley and 
Henry Bassett (in 1886 and 1892, respectively). However, at the 
time Thomsen was unaware of these earlier writers.62 His new sys
tem gave a clear survey of the physical and chemical relations be
tween the elements and was an improvement not least with regard 
to the problematic rare earth metals. It was immediately suggestive 
of an atomic or evolutionary explanation as it indicated a common 
structure among the elements based upon the unit of hydrogen. In 
Thomsen’s published version of 1895, thorium and uranium were 
curiously omitted, possibly because he was uncertain of where to 
place the two elements. However, he suggested that the long 31-ele
ment row starting with caesium would probably be followed by an 
analogous row to which thorium and uranium belonged. In an un
published version of 1898, Thomsen placed the two radioactive 
metals (as they were then known to be) at the end of the caesium 
row, but without any lines connecting them to other elements.63

One of the merits of Mendeleev’s periodic system which im
pressed even its opponents, was its success in predicting new ele
ments, as dramatically demonstrated with the discovery of gallium 
- or “eka-aluminium” - in 1875. On the basis of his 1895 system, 
Thomsen pointed to a missing element of atomic weight 180 or 181 
just outside the rare earth group: “One sees from the table how the 
full lines pass from zirconium to two opposite directions, one to 
cerium with the atomic weight 140, the other to a still undetermined
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Elements électro-positifs.

Elements électro-négatifs.

Li 7--23 Na
Be 9--24 Mg

11 --27 Al
12--28 Si
14--31 P
16--32 S
19 —35sCl

85 Rb
87 Sr
89 Y
91 Zr
94 Nb
96 Mo

K 39 —
Ca 40 —
Se 44--
Ti 48 —
V 51-
0 52 —
Mn55--
Fe 56 - - 102 Ru
Co 59 -- 103 Rh
Ni 59-- 107 Pd
Cu 63 -- 108 Ag
Zn65 — 112 Cd
Ga69 — 114 In
Gr 72-- 119 Sil
As 75-- 120 Sb
Se 79 -- 125 Te
Br 80-

Ta 183
W 184

>— —
■Os 191
Ir 193
Pt 195
Au 197
Hg 200
TI 204
Pb 207
Bi 209

Figure 7.5. The periodic system as Thomsen presented it in Thomsen 
(1895b).
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element the atomic weight of which should be 180. In between these 
two extremes there are a large number of rare-earth elements.”64 The 
element in question was later identified as hafnium. In 1895 the idea 
of a new element related to zirconium and titanium was not quite 
new and the supposed element had in fact been claimed at several 
occasions since the 1840s. Mendeleev, in his 1869 account of the 
periodic system, had a row of “Ti = 50, Zr = 90, ? = 180” and thus may 
be said to have predicted hafnium in about the same sense that he 
predicted gallium and germanium. Yet Thomsen was the first one 
who explicitly referred to the missing element and placed it cor
rectly; that is, outside the group of the rare earths. As the distin
guished Hungarian chemist and future Nobel Prize laureate George 
von Hevesy suggested many years later, he may even have under
taken a search for the new element in zirconium minerals.65

64. Thomsen (1895b), p. 135. In the German version the element appeared with 
atomic weight 181.
65. Hevesy (1927), pp. 117-118. See also Hevesy and Thai Jantzen (1924).
66. See Thyssen and Binnemans (2011), pp. 67-71, where Thomsen’s system is called 
“a particularly interesting classification.”
67. Thomsen prepared the compounds K2ZrF6 and NiZrF6, possibly with the purpose 
of examining them for content of the new element of A = 180. In later investigations 
of the compounds, provided by Thomsen’s successor at the University of 
Copenhagen, Einar Biilman, Hevesy found a small amount of hafnium. See Hevesy 

It was a novel feature of Thomsen’s periodic table that the rare- 
earth elements did not bear any relationship with the elements of 
the preceding period from rubidium to iodine. The rare earths did 
not belong to any of the eight groups, but were fitted in between 
group IV and V as an intergroup.66 The classification of the rare 
earth metals as a separate group was also present in Bassett’s system 
from 1892, but while Bassett assumed the group to contain 18 met
als, Thomsen was the first to define the rare earths as those lying 
between cerium and the unknown element of atomic weight ap
proximately equal to 180. He must thus have counted 14 rare earth 
elements. When the missing element of A = ca. 180 was discovered 
in late 1922 by Hevesy and Dirk Coster, working in Copenhagen, 
the two discoverers did not fail to point out that it had been antici
pated by Thomsen, professor in the same city.67 Apart from the un-
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Kr 
.Rb 
»Sr 
»Yt «Zr 
»Nb

Figure 7.6. Thomsen’s unpublished version of the periodic table, as he 
used it from about 1898 in his chemistry lectures at the Polytechnic College. 
Source: Kragh (1982).

known zirconium homologue, there was room for a couple of other 
missing elements in Thomsen’s table. He left spaces vacant between 
praseodymium and samarium, terbium and erbium, and erbium 
and thulium, and two spaces after ytterbium. These vacant spaces 
were eventually filled with the elements promethium, europium, 
dysprosium, holmium, lutetium, and hafnium.

At the end of his brief 1895 paper on the classification of the ele
ments, Thomsen pointed out what he called a “curious detail,” 

296

and Thaljantzen (1924).



SCI.DAN.M. 2 CHEMICAL ELEMENTS

namely that the number of elements in the periods amounted to 1,
7, 17 and 31. As he observed, these numbers can be written in the 
symmetric form

1
3 + 1 + 3

5+3+1+3+5 
7+5 + 3 + 1+ 3 + 5 + 7

Row number n would thus have

N = 2n2 - 1

as its sum. The way he commented on this numerological relation
ship differed in the two versions of his paper. “Is this relation more 
than a coincidence?” he asked in the French version, answering: 
“Only the future will show; but I have nevertheless wished to ex
pose the possibility of a more profound cause.” What this profound 
cause might be, he did not intimate, but he probably had in mind a 
symmetric arrangement of the proto-atoms of which he suspected 
the elements to be composed and which he had suggested in his 
1887 paper. In his comment in the German version Thomsen point
ed out that 1, 3, 5 and 7 were prime numbers, but said that this was 
probably coincidental. He did not refer to any cause, profound or 
not.

Thomsen may have had second thoughts concerning his version 
of the periodic table and the associated relationship between the 
numbers of elements in the vertical rows. In connection with his 
introductory lectures on inorganic and general chemistry he had a 
large table made which was placed in the chemical lecture room at 
the University of Copenhagen. It hung there for at least a decade. 
At some time after 1898 Thomsen completed the table by adding 
the newly discovered radium and also the inert gases from helium to 
xenon (Figure 7.6). This system differed from the published one in 
several respects. The long period of 31 elements had disappeared 
and was replaced by three new periods, the last of which now con
tained thorium and uranium, indicated as belonging to the Ti-Zr 
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group and the Cr-Mo group, respectively. In the demonstration ver
sion the group of rare earths was broken and much of the suggestive 
symmetry lost. Had Thomsen grouped helium together with hydro
gen and placed the other inert gases at the end of the periods, he 
would have arrived at

N = 2n2

instead of N = 2/r - 1. But he never took this step.

7.5. Digressions: Thomsen, Mendeleev, Bohr

Not only was Thomsen thoroughly aquainted with the scientific 
work of Mendeleev, he also had met the famous Russian chemist 
when the two stayed in Uppsala in 1884.68 Five years later, on 5 April 
1889, Mendeleev was elected a foreign member of Royal Danish 
Academy, most likely on the initiative of Thomsen, who at the time 
served as president of the Academy. The letter of motivation was 
written by Thomsen and signed jointly by him and S. M. Jørgensen, 
the other leader of Danish chemistry. However, Jørgensen did not 
appreciate the periodic system. The system was absent from both 
the first and the second editions of his textbook on inorganic chem
istry, published in 1888 and 1896, respectively, and it also did not 
appear in his widely read 1902 textbook on general chemistry.69 One 
can reasonably assume that the proposal to elect Mendeleev was 
actually due to Thomsen. The main part of the motivation formally 
signed by the two chemists was this:

68. Mendeleev to Thomsen, 9 March 1885 (Royal Library, TSC). The subject of 
Mendeleev’s letter was a request that one of his former students came to Copenhagen 
to work in Thomsen’s laboratory.
69. For S. M. Jorgensen’s systematic neglect of the periodic system, see Kragh 
(2015), which is also the source for the connection between Mendeleev and the Royal 
Danish Academy.

During many years, Prof. Mendeleev has conducted a great number 
of excellent investigations, in part of a general chemical nature and in 
part of a physico-chemical nature, and they have all been character

298



SCI.DAN.M. 2 CHEMICAL ELEMENTS

ized by a superior mind. ... Mendeleev’s name has become generally 
known by his brilliant work on the theoiy of how the chemical and 
physical properties of the elements depend on their atomic weights 
- the so-called periodic system. In this way he has opened a wide field 
for philosophical discussion of the most important chemical phe
nomena; his theories have several times been remarkably confirmed 
by the discovery of elements whose existence and most important 
properties he had predicted as a consequence of the system. Objec
tions can indeed be raised against the full justification of the system, 
such as can be done against many other theories; but the system has, 
to a veiy high degree, advanced chemistiy as a science, and for this 
reason Mendeleev’s name will forever be inscribed among the first in 
the histoiy of chemistiy.70

70. Letter of 25 February 1889 in Thomsen’s handwriting, addressed to Hieronymus 
G. Zeuthen, secretary of the Royal Danish Academy. Mendeleev was elected a foreign 
member of the prestigious Royal Society in 1892, and ten years later the same honour 
was bestowed on Thomsen.
71. Mendeleev (1892).

Mendeleev quickly responded to the invitation, expressing in a let
ter of 14 April how great an honour it was for him to become a for
eign member of the Royal Danish Academy. He was pleased to ac
cept this sign of “the scientific brotherhood of the peoples,” which 
he considered a manifestation of “the sympathy which unites the 
Danes and the Russians.” He undoubtedly had in mind the close 
family relations between the Danish king Christian IX and the Rus
sian tsar Alexander III.

At the time of his election to the Royal Danish Academy, Mend
eleev was well acquainted with Thomsen’s work in thermochemis
try and other branches of general and inorganic chemistry. In his 
massive textbook Principles of Chemistry Mendeleev referred numerous 
times to the Danish chemist. In fact, there were more references to 
Thomsen than to any other chemist apart from Mendeleev himself; 
while Thomsen appeared 22 times in the name index of the German 
translation, S. M. Jørgensen appeared twice (and Thomsen’s rival 
Berthelot 21 times).71

When Niels Bohr enrolled at the University of Copenhagen in 
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1903, Thomsen had retired.72 As far as I know, Bohr never person
ally met the old chemist, but he probably knew about him through 
his father Christian Bohr, a well-connected professor of physiology 
and thus a colleague of Thomsen. Incidentally, Niels Bohr and Ju
lius Thomsen, two of Denmark’s great scientists, came to enter into 
a family relationship, if only through their offspring and many years 
after Thomsen had passed away.73 There was in fact some slight con
nection between the two great scientists separated in time by nearly 
sixty years. In 1905 the Royal Academy of Sciences announced a 
prize essay on the theory of vibrating liquid jets for which young 
Bohr was awarded the Academy’s gold medal. In early 1907 he re
ceived a brief but welcome letter signed by Thomsen and H. G. 
Zeuthen on behalf of the Academy: “Upon recommendation of the 
Section for Natural Sciences and Mathematics, the Royal Danish 
Academy of Sciences and Letters at its meeting on February 22 has 
awarded you its gold medal for your solution of the Physics Prize 
Problem set in 1905. In sending you the medal, the Academy ex
tends to you its congratulations.”74

72. Abraham Pais (1991, p. 209) refers to Thomsen as “Bohr’s distinguished teacher,” 
which is clearly incorrect.
73. This came about as follows. Julius Thomsen’s daughter Ellen (1865-1958) married 
in 1890 Andreas B. Richter (1861-1939). They had the son Einar D. A. Richter (1898- 
1980), who with Ruth A. A. Ammentorp (1897-1965) got the daughter Else Richter 
(1924-2011). In 1950 Else married Ernest David Bohr (b. 1924), a son of Niels and 
Margrethe Bohr. Julius Thomsen was thus a great-grandparent to Niels Bohr’s 
daughter in law.
74. Quoted in Rud Nielsen (1972), p. 7. The Academy decided to award a gold medal 
also to the engineer P. O. Pedersen, to whom we shall refer in Section 8.3.

Bohr’s education included not only physics, but also solid cours
es in astronomy, chemistry and mathematics. In 1905 his teacher in 
inorganic analytical chemistry was Niels Bjerrum, who had gradu
ated a few years earlier under S. M. Jørgensen and was on his way to 
a brilliant career in national and international chemistry. Familiar 
with the attempts to explain the periodicity of the elements in suba
tomic terms, in 1907 Bjerrum suggested that the periodic system 
“can hardly be explained without assuming an internal constitution 
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of the atom.”75 Bohr most likely read Bjerrum’s article. During his 
studies 1898-1902 Bjerrum had only limited contact with Thomsen, 
whom he recalled “was not involved in teaching at all except that he 
gave an introductory course to all students, including the medical 
students.”76 Bjerrum did not follow this course, but for a time he 
worked as an assistant for Thomsen’s lectures.77

75. Bjerrum (1907), p. 77.
76. From Bjerrum’s autobiography written about 1942 and published in Nielsen 
(2004), pp. 7-100. Quotation on p. 25. See also Chapter 8.
77. See Bjerrum (1909), p. 4986, which includes comments on Thomsen’s personality.
78. For Bohr’s theory of the periodic system and his references to Thomsen, see 
Kragh (2012) and the literature cited therein.
79. See for example Paneth (1923) and Hevesy (1927).

From the lectures in the chemistry auditorium Bohr must have 
spent many hours in front of Thomsen’s periodic table, which in his 
later career came to play some role for him. As part of extending his 
quantum atomic theory from one-electron atoms to all the elements, 
in the years 1921-1923 Bohr developed an ambitious theory of atom
ic structure which he summarised in a modified version of Thom
sen’s old periodic system, but now based on the atomic number 
rather than the atomic weight. The periodic system used by Bohr is 
sometimes known as the Thomsen-Bohr system. Bohr, who had 
evidently studied Thomsen’s periodic table of 1895, found this ver
sion suggestive of atomic interpretations.78 “Compared with usual 
representations of the periodic system,” he said in a paper of 1921, 
“this method, proposed more than twenty years ago by Julius 
Thomsen, of indicating the periodic variations in the properties of 
the elements is more suited for comparison with theories of atomic 
constitution.” Likewise, when Bohr gave his Nobel lecture in Stock
holm on 11 December 1922, he used the occasion to pay tribute to 
the Danish chemist. As he pointed out with regard to the element of 
atomic number 72 (hafnium), Thomsen had predicted this element 
as a homologue of titanium and zirconium. The discovery of the 
element in 1923 caused a heated priority controversy in which the 
long dead Thomsen became involved.79

The numerical law which Thomsen tentatively suggested in 
1895, namely, that the number of elements in the periods can be 
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written as N = 2n~ - 1, or N = 2n~ if the inert gases are included, came 
to be known as Rydberg’s rule. The name refers to the Swedish 
physicist Janne Rydberg, who proposed the rule in 1906 and earlier, 
in 1897, had come close to it. Apparently Rydberg was unaware of 
Thomsen’s speculation of 1895, just as were the atomic physicists in 
the later tradition of Bohr’s quantum theory. Arnold Sommerfeld 
and other physicists in this tradition were greatly fascinated by the 
relationship, which they suspected was a key to understanding the 
periodic system in terms of atomic physics. It is still not generally 
recognised that Thomsen suggested the rule, or a slightly more lim
ited version of it, several years before Rydberg.80

8o. See Kragh (2015), p. 189. On the other hand, in 1897 Rydberg suggested that the 
periodicity of the elements should be based on a whole ordinal number different 
from the atomic weight, thus foreshadowing the atomic number. Thomsen remained 
committed to the standard view that the periodic system expressed variations in 
atomic weights.

The numerical rule was eventually deduced from quantum theo
ry, first by the British physicist Edmund Stoner in 1924 and the next 
year by his Austrian colleague Wolfgang Pauli. Pauli’s version was 
carried over into modern quantum mechanics which explains the 
Thomsen-Rydberg rule by means of Pauli’s exclusion principle and 
the allowed quantum numbers for a given principal quantum num
ber n. With 1 denoting the azimuthal quantum number and taking 
into regard the two spin states of the electron, the result becomes

n-1

1=0

Thomsen would presumably have been pleased.

7.6. The inert gases

As mentioned earlier in this chapter, as early as 1887 Thomsen was 
willing to consider the hypothetical “helium” as a real substance 
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with atomic weight smaller than hydrogen’s. Of course, at that time 
he could not know that helium actually exists as the lightest mem
ber of a group of inert-gas elements. It was the sensational discov
ery of argon, and not helium, which first indicated that the periodic 
system was seriously incomplete. When Ramsay and Rayleigh an
nounced their detection of a new, chemically inactive gas in the at
mosphere, the discovery aroused intense interest. The two Britons 
reported the element to be mono-atomic and with atomic weight 
39.9 - greater than that of potassium - but how could such an ele
ment be fitted into the periodic system? Mendeleev was one among 
many chemists who protested that “If we admit that the molecule of 
argon contains but one atom, there is no room for it in the periodic 
system.”81 He consequently suggested that perhaps Ramsay’s and 
Rayleigh’s element was actually N3, an allotropic form of nitrogen 
with molecular weight about 42. The suggestion was supported also 
by Berthelot and a few other chemists of prominence. It was only 
with the subsequent discovery of helium that it became clear that an 
eighth group had to be added to the periodic system.

81. Mendeleev (1895). For the argon controversy, see Giunta (2001).
82. Thomsen (1895c), which was a German translation of the paper published in the 
Royal Danish Academy’s Oversigt, pp. 137-143. See also Venable (1896), pp. 273-276.

The discussions which followed in the wake of the discovery of 
argon induced Thomsen “to publish some ideas, with which I have 
been occupied for years, but which I have wished not to publish 
until now in order not to encumber science with hypotheses that 
cannot easily be tested by experiment.”82 He read the paper to the 
Royal Danish Academy on 19 April 1895, less than a month after his 
paper on the periodic system and at a time when Ramsay had not 
yet published his discovery of terrestrial helium (he communicated 
his discovery to the Royal Society on 27 March). Thomsen’s consid
erations were based on his old idea that the chemical properties of 
the elements should be described by well-behaved functions of the 
atomic weights. If this was the case the discontinuity in electro
chemical character, when passing from the halogen family to the 
alkali metals, would seem to demand the existence of a group of 
intermediate elements. As he expressed it, “The transition from one
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Figure 7.7. Emission spectrum of D lines from sunspot, showing the D3 or 
helium line. The two stronger lines to the left are the sodium doublet lines. 
Source: H. Kayser, Lehrbuch der Spektralanalyse (Berlin: Springer, 1883), p. 
188.

row [period] to the next is formed by an element whose electro
chemical character is ± oo, meaning that it is electrochemically indif
ferent.” Thomsen argued that these elements had to be of zero-va
lence and thus be unable to form chemical compounds.

Based on his recently published periodic system, Thomsen sug
gested that “there exist the mentioned inactive elements with atom
ic weights 4, 20, 36, 84, 132, 212 and 292, the electrochemical char
acter of which is indifference and the valence of which is zero.” 
Somewhat remarkably he did not mention helium as the candidate 
element for atomic weight 4. In the parallel period to the long one 
of 31 elements, in which only thorium and uranium were known, he 
now added the inactive element of atomic weight 292 as its end 
point. Thomsen’s prediction was surprisingly good, as shown by a 
comparison with the presently known elements in group VIII:
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Table 6. The noble gases and Thomsen’s predictions.

Symbol He Ne Ar Kr Xe Rn Uuo
Atomic number 2 10 18 36 54 86 118
Atomic weight, Thomsen 4 20 36 84 132 212 292
Atomic weight, modern 4.0 20.2 39.9 83.8 131.3 222 (294)

The last of the predicted elements calls for a comment, as it refers to 
what is presently the heaviest known element. A few atomic nuclei 
of the element Z = 118, provisionally named ununoctium, was man
ufactured in nuclear reactions in 2006; ten years later the element 
received official recognition as oganesson instead of ununoctium. 
Based upon his interpretation of the periodic system, in 1922 Bohr 
predicted the electron configuration of the hypothetical element, 
stating that it would be an inert gas with chemical properties similar 
to radon. He merely presented the structure of Z = 118 as an illustra
tion of the power of his atomic theory and did not, in this case, refer 
to Thomsen’s earlier prediction.83

83. On the prediction of Z = 118 and other transuranic elements, see Kragh (2013). 
The name oganesson derives from the Russian nuclear physicist Yuri Oganessian.
84. Mendeleev (1889), p. 633. See Freund (1904) for various suggestions of 
mathematical formulae representing the periodicity of the elements. In the same 
lecture Mendeleev dismissed Lockyer’s hypothesis of solar helium, suggesting that 
the spectral line belonged to a known element placed under such extreme conditions 
that the line had not yet been observed in the laboratory.

Thomsen considered his new periodic table well suited for ex
pressing in a mathematical way the relations between the physical
chemical properties of the elements and their atomic weights. At
tempts of this kind had been made by several other chemists using 
a variety of mathematical formulae, but none of the attempts were 
even approximately successful. In his 1889 Faraday lecture Mende
leev explicitly criticized the idea of representing the periodicity of 
the elements with some mathematical curve, something he consid
ered fundamentally flawed. The periods of the elements, he main
tained, have “a character very different from those which are so sim
ply presented by geometers.”84 Undeterred, Thomsen thought that 
trigonometric or elliptic functions offered appropriate measures for 
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a mathematical relationship of the kind he desired. For the elements 
between lithium and chlorine, he suggested the following formula 
as a rough expression of the electrochemical character £ as a func
tion of the atomic weight A:

A - 4 
E = cot „, n16

Similarly he suggested an expression for the dependence of the va
lence v on the atomic weight. With F being a trigonometric func
tion, his expression was

A - 14 
sin---------n

16

Trigonometric functions of a similar kind had been considered 
eight years earlier by the Russian chemist Flavian Flavitsky at the 
Kazan University. His aim was the same as Thomsen, to give a 
mathematical representation of the periodic system. Flavitsky’s pa
per of 1887 was published in Russian only, but when he became 
aware of Thomsen’s paper he felt obliged to claim priority in the 
Zeitschrift für anorganische Chemie and restate his original results.85 
Thomsen had independently arrived at the same mathematical ex
pressions, which Flavitsky found most remarkable but without sug
gesting that Thomsen had actually plagiarised him.

85. Flavitsky (1896). See also Venable (1896).
86. Thomsen (1895c), p. 285.

According to Thomsen, his classification of the elements was sig
nificant with regard to the hypothesis of a common constitution of 
the atoms. Relating to his earlier speculations of 1885, he wrote:

If one assumes the hypothesis of the unity of matter which, despite all 
attacks, cannot be displaced from the minds of scientists, one finds 
that the hypothetical inactive elements must have been formed by a 
regular and closed arrangement of the prime atoms, in such a way 
that the equilibrium of the molecules thereby formed have no dis
turbing points of action for chemically active substances; therefore 
they would not be able to form stable compounds but would only 
follow the general laws of gravity.86
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Thomsen’s prediction of a whole group of inert elements, and his 
attempt in interpreting them in accordance with neo-Proutean 
views, were not the only one at the time. For example, the French 
chemist Paul-Émile Lecoq de Boisbaudran, the discoverer of galli
um, claimed in 1895 to have predicted several of the inert elements. 
Although his atomic weights were more accurate than Thomsen’s 
(in the sense that they contained more decimals), they were based 
on numerical speculations even more obscure than those of the 
Danish chemist.87 Without specifying his reasons Boisbaudran gave 
the atomic weights 20.0945, 36.40 ± 0.08, 84.01 ± 0.20, and 132.71 ± 
0.15. C. J. Reed, an American amateur chemist, had entertained the 
idea of several inert and monatomic elements since 1885; ten years 
later he suggested that their atomic weights were 4, 20, 36, 84, 132 
and 196. In a letter to Thomsen he wrote: “Believing that this theory 
would not meet with much favor ... I have never advocated it any 
further. It is gratifying to me, however, to find one so eminently 
qualified as yourself has been led by a method less empirical to con
clusions which are substantially the same.”88

87. Boisbaudran (1895).
88. Reed to Thomsen, 31 March 1898 (Royal Library, TSC). Reed (1895) appeared 
on 3 May 1895 and was thus independent of Thomsen’s prediction.
89. Petersen (1895); Sørensen (1896). S. P. L. Sørensen, a student of S. M. Jørgensen, 
specialised in protein chemistry and is best known for his 1909 introduction of the 
pH scale for acidity. In 1921 he was nominated for the chemistry Nobel Prize, 
without success.

A few other Danish chemists followed with interest the amazing 
discovery of argon and the consequences it might have for the well- 
established periodic system. In a paper of June 1895, Emil Petersen 
supported the claim of Ramsay and Rayleigh, confidently pointing 
out that there was no fundamental disagreement between argon 
and Mendeleev’s system. Later the same year, the delicate question 
was reviewed by Søren P. L. Sørensen, who at the time worked at the 
chemical laboratory of the Polytechnic College and a few years later 
moved to the Carlsberg Laboratory. Sørensen expressed support of 
Thomsen’s view of the periodic system and its “convincing argu
ment for the existence of a group of elements of an inactive 
character.”89 Neither Petersen nor Sørensen mentioned helium.
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At the fifteenth Scandinavian Meeting of Scientists held in 
Stockholm in 1899, Thomsen gave a report on the state of the art 
concerning the inert gases, which was a part of a broader survey of 
recent progress in the chemical and physical sciences. Thomsen re
ferred to advances in low-temperature physics made by James De
war and others, and also to the French chemist Henri Moissan’s 
experiments with carbon and other substances subjected to extreme 
heat. In this way it had become possible to manufacture calcium 
carbide as an industrial commodity, which was destined “to play an 
important role as a source of light and heat in the future.” He was 
referring to the burning of acetylene produced by

CaC2 + 2 H2O -> Ca(OH)2 + C2H2,

a process which was already used widely for domestic lighting, bicy
cle lamps and other purposes. Nor did Thomsen forget to highlight 
Guglielmo Marconi’s system of wireless telegraphy and the sensa
tional discovery of X-rays made by “the Austrian” Wilhelm Rönt
gen (who was in fact German). But he dwelled in particular on the 
discoveries of the inert gases, not only argon and helium but also 
the very new krypton announced by Ramsay and his assistant Mor
ris Travers in June 1898. According to Thomsen, the serendipitous 
discovery of argon was a beautiful example of how progress was 
made in the empirical sciences. He said:

It is the study of anomalies that leads to new truths. By accident and 
quite unexpectedly the scientist makes some obseivations which do 
not agree with theory or what was known previously. He infers that 
either must the theory be wrong or the obseivations erroneous; fur
ther investigations will then lead to an understanding of the cause of 
the phenomenon and thus to either a discovery or just a disappoint
ment.90

90. Thomsen (1899), p. 68.

Although Thomsen chose to illustrate his methodological point by 
means of argon, he could just as well have chosen Röntgen’s discov- 
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ery as an example of serendipity. Thomsen thought that the inert 
gases had once been part of the primeval Earth and that the present 
scarcity of helium was due to its very small molecular weight which 
had caused it to evaporate into space. As to the new krypton gas he 
suggested that it might be responsible for the spectral lines of the 
aurora borealis and thus “provide a likely explanation of this enig
matic phenomenon.” The so-called green line of wavelength 5570 Å 
was at the time a mystery and Thomsen was among the first to sug
gest the krypton hypothesis which remained popular for about a 
decade.91

91. Thomsen (1899), p. 70. The mystery of the green auroral line was only solved in 
1925 when it turned out that the line was the result of a quantum transition between 
two metastable states of oxygen. See Kragh (2010) for chemical speculations 
concerning the origin of the aurora.
92. Thomsen (1898a), p. 113.

Thomsen kept an interest in the new class of inert gases until his 
last years. In 1898 he took up again the chemical analysis of a red- 
brown fluorite mineral from Greenland which he had first investi
gated “about 20 years ago” in connection with the cryolite deposits. 
Thomsen had found that the mineral, which apart from fluorspar 
also contained small amounts of rare earth metals, developed light 
and heat when pulverized. Assuming that it was a kind of fluores
cence phenomenon, he laid the experiment aside without commu
nicating it in the form of a paper. Only after the discovery of helium 
in terrestrial sources did he return to it, suspecting that a compound 
of the new gas might be involved. As Thomsen reported, after hav
ing removed carbon dioxide and water he examined the spectrum 
of the residual gas, finding “a strong helium spectrum and also the 
spectra of hydrogen, nitrogen and carbon; the light at the negative 
electrode showed a strong and nearly pure spectrum of helium 
mixed with only traces of hydrogen.”92 He suspected the gas to exist 
in the mineral in the form of an unstable compound with other ele
ments. The compound, which he speculated might be conditioned 
by the presence of rare earths, would dissociate and helium being 
released in an endothermic process.

Suggestions of unstable helium compounds similar to Thom
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sen’s were made also by a few other chemists, but none of them were 
confirmed. Indeed, to this date no helium compounds are known, 
making the element unique in this respect. In a later investigation, 
one of his last, 78-year-old Thomsen determined the quantity of he
lium liberated on heating from the mineral to be 24-27 cm3 kg1. He 
tried in various ways to “decompose the possible compound of he
lium,” but with no luck; from this he concluded that the fluorite 
mineral contained helium in the form of a very firm compound.93 
His attempts to detect the new gas in other fluorite minerals con
taining rare earths also failed.

93. Thomsen (1904). Thomsen’s work attracted international attention. See, for 
example, Science W (1904): 442.
94. Ramsay to Thomsen, 9 February 1898 (Royal Library, TSC).
95. Hartley (1898), p. 725.
96. The occlusion of hydrogen by palladium was discovered by Thomas Graham in 
1867, who believed that the phenomenon could be explained by conceiving hydrogen 
as a kind of volatile metal. He suggested the name “hydrogenium” for the hypothetical 

Ramsay found Thomsen’s investigation to be of great interest. 
In a letter of early 1898 he wrote: “I am very glad that you have 
taken up the subject, and look forward with interest to your thermal 
measurements, which are certain to be more trustworthy than mine. 
... I strongly suspect that we are dealing with an endothermic com
pound of helium.” And at the end of his letter: “I dare say you know 
that I can read Danish fluently, though I am too lazy to write it, 
knowing that you of course understand English. So please, in an
swering this, take the way of‘least friction’.”94 The investigations of 
Thomsen and Ramsay attracted considerable attention. As a British 
chemist remarked in the summer of 1898, “Prof. Julius Thomsen 
and Prof. Ramsay have examined two minerals which are endother
mic; when gently heated they glow red-hot, and at the same time 
they evolve helium.”95

As mentioned in Section 5.2, Ramsay had known Thomsen since 
the mid 1880s. He followed Thomsen’s work closely and frequently 
referred to his thermochemical results. For example, in 1898, the 
same year that he addressed Thomsen with respect to possible heli
um compounds, Ramsay published an investigation of the occlu
sion of hydrogen and oxygen by palladium.96 Thomsen had in 1877 
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studied the thermochemical properties of platinum and palladium 
compounds and determined the heat of formation of palladium hy
droxides to be

Pd + O + H2O Pd(OH)3 + 22.71 kcal,

and
Pd + O2 + 2 H2O Pd(OH)4 + 30.43 kcal

Ramsay and his collaborators now used their own measurements in 
combination with Thomsen’s data to suggest that the absorption of 
oxygen by palladium was a true phenomenon of oxidation and not 
merely a physical process.97

metallic state.
97. Mond, Ramsay and Shields (1898); Thomsen (1877); Thomsen (1882-1886), vol. 
3, p. 436.
98. Strutt (1907), who referred to Thomsen’s papers of 1898 and 1904. Robert Strutt 
became the fourth baron of Rayleigh in 1919, whereas his father John William Strutt, 
generally known as Rayleigh, was the third baron. The mineral examined by 
Thomsen was later shown to be radioactive, but with a thorium content of only ca. 
0.3 per cent. See Pauly (1986).

To return to helium, much of the interest in the gas was at the 
time associated with radioactive substances and the evidence that 
helium is closely connected with alpha radioactivity, indeed that al
pha particles are made up of helium ions. The English physicist and 
meteorologist Robert Strutt, the son of Lord Rayleigh, was active in 
the exciting field of radioactive research and in contact with Thom
sen, who supplied him with a sample of the Greenlandic fluorite 
mineral. Strutt’s analysis revealed no radium, but heating of a solu
tion of the mineral gave abundant “thorium emanation” (radon), 
from which he concluded that thorium was a substantial constitu
ent of the mineral.98 The chemistry professor Odin Christensen, 
who knew Thomsen well, recalled:

Just a few months before his death he was much occupied with Ram
say’s investigations concerning the action of radium emanation on 
certain elements and their subsequent “degradation.” He thought 
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that Ramsay’s investigations might produce such results that they led 
to a whole new era in chemistiy and a total change of our presently 
valid chemical theories."

Ramsay, Nobel laureate and president of the Chemical Society of 
London, had in 1907 stunned the scientific community by announc
ing that radon - at the time commonly known as “radium emana
tion” - in contact with copper sulphate produced argon. Moreover, 
he found evidence that “the copper, acted upon by the emanation, 
is ‘degraded’ to the first member of its group, namely lithium.”99 100 
Most likely, Thomsen was inspired by Ramsay’s sensational investi
gations which seemed to confirm his old hypothesis of chemical ele
ments as compounds bodies built up from some prima materia.

99. Christensen (1910), p. 169.
100. Ramsay (1907). For Ramsay’s experiments and alchemical speculations based 
on radioactivity, see Trenn (1974) and Morrisson (2007), pp. 115-121. Ramsay 
believed as late as 1913 that his experiments proved controlled element transmutation.
101. Bjerrum (1909), p. 4986.

Whereas there is no evidence that Thomsen did research on ra
dioactivity, we know that he was occupied with the inert gases at the 
very end of his life. According to Bjerrum, he was led to believe that 
argon was not truly elementary after all; he tried to demonstrate its 
compound nature by synthesising it and thought to have obtained 
some positive results. Perhaps realising that the evidence was after 
all shaky, Thomsen did not publish his work.101 But he did write a 
draft of an article and from this we know what kept him busy during 
his very last years. The following is a slightly abridged version of 
Thomsen’s draft.

Is Argon a New Element? Experimental Investigations

For about one and a half year I have been occupied with answering 
the question of whether or not argon i a new element. Its elementary 
nature has earlier been doubted, but mainly on a theoretical basis; 
experimental tests have rarely been performed. ... A decision regard
ing the nature of argon can of course only be reached experimentally; 
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two routes have been explored, either attempts to dissociate it or to 
form it from known substances. W. Ramsay largely followed the first 
route and his experiments have shown that argon cannot be dissoci
ated by the means presently known. But the question of whether ar
gon is an element or not is not answered decisively in this way, for the 
investigation has only shown that its dissociation does not follow by 
the applied means. For this reason I pursue the other route and have 
tried to synthesise the mentioned substance from known elements.

Such a work must for the time being rely on hypotheses. My first 
assumption was that argon might be a carbon-nitrogen compound, 
namely CN2 with molecular weight 40. Perhaps such a compound 
would be formed in small amounts by the dissociation of carbon and 
nitrogen compounds. I initially focused my attention on the cyano
gen compounds such as potassium ferrocyanide, potassium ferricya
nide, sodium nitroprusside, silver cyanide, and other metallic cya
nides, and next on silver rhodanide, silver cyanamide, cyanuric acid, 
hexamethyleneamide, biuret, etc. Substances of this kind were heated 
to dissociation either directly or by the assistance of weak oxidisers 
such as nickel oxide, lead oxide, nitrogen oxide and the like. The 
gases and vapours produced in this way were subsequently oxidised 
by copper oxide and collected over mercury. The gas, which mostly 
consisted of nitrogen, was then oxidised by means of oxygen and in
duction sparks. Oxidation products such as nitrogen oxides and 
some carbon dioxide were absorbed in a concentrated solution of po
tassium hydroxide. After the oxidation the gases (mostly oxygen and 
a little mercury) were absorbed on read-heated copper. The small rest 
mass was finally transferred to a Geissler tube and examined spectro
scopically. ... The amount of nitrogen was in each of the experiments 
100-120 cm3.

The oxygen used for the oxidation was produced galvanically ... 
and led directly to the oxidation vessel so that entrance of atmos
pheric air was ruled out. Even the provisional experiments gave the 
result that, after oxidation and absorption, nitrogen formed in this 
way contained a small rest in which argon was identified spectroscop
ically. This observation caused me to re-examine my method in order 
to locate any errors. During the last year I have performed a couple 
of hundred experiments of this kind. The amount of argon produced 
in each experiment was about 0.05 per 100 cm3 nitrogen; however, in 
many of the experiments no argon turned up. For this reason I exam
ined other reactions such as those between gaseous substances, for 
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example carbon dioxide and nitrogen dioxide, cyanogen and carbon 
dioxide, carbon disulphide and nitrogen, etc. It was my intention to 
find a reaction more energetic than those examined, but this work 
was in vain. The amount of argon remained veiy small.

The produced argon was apparently independent of the nature of 
the chemical reactions, which I found to be remarkable. It led me to 
think of the possibility that argon was not formed by the chemical 
processes but only by the electro-oxidation of the nitrogen. So I 
turned my investigation toward the nature of the nitrogen itself and 
was soon able to show that nitrogen produced by ammonium chlo
ride and potassium nitrate, after it had been oxidised as described, 
also caused a formation of argon. This I found most remarkable, giv
en that W. Ramsay had made aware of the possible formation of ar
gon from ... .102

102. Handwritten manuscript in German, 4 pp. (Royal Library, TSC). The manuscript 
ends abruptly, suggesting that one or more pages are missing.

The small amounts of argon that Thomsen thought to have detect
ed by means of his spectroscope were possibly due to traces of at
mospheric air. Another possible explanation is that the spectral 
lines he attributed to argon were in reality due to other elements or 
compounds. Thomsen had only limited experience with spectro
scopic measurements and he may easily have been led astray such as 
were many other non-experts in spectroscopy.



CHAPTER 8

Science, society, and technology

First and foremost a brilliant chemist, Thomsen spent countless 
hours alone in his laboratory, deeply immersed in precise chemical 
experiments. The outcome of these countless hours, his thermo
chemical data bank, is what he is primarily remembered for and 
what has been described in earlier chapters. But chemical research 
was only part of his long and active life. In a Danish context he was 
a well-known and respected public figure who contributed heavily 
to the nation’s system of science, technology, and higher education. 
Not only did he serve as Rector of the University in two periods, he 
was also an efficient director of the Polytechnic College and for 
many years president of the Royal Danish Academy. Thomsen was 
never a member or supporter of any political party but as an indi
vidual he contributed to municipal politics through his long-time 
membership of Copenhagen’s City Council. In this capacity he 
worked in particular with gas lighting, city planning, sanitation, 
and other technical issues.

Scientifically a loner, Thomsen formed no school and had but 
few students. At several occasions he was addressed by young 
chemists from abroad who wanted to work with him, but he al
ways declined and that even when the request came from a col
league as distinguished as Mendeleev (Section 7.5). All the same, 
his impact on the younger Danish generation was considerable 
and in part the result of the lectures he gave on general and inor
ganic chemistry over many years. These lectures were followed by 
a large number of students some of whom found them inspiring 
and valued Thomsen as a teacher. But to most students he was a 
stern and distant authority, not one they could feel any bond of 
affection to. Cold and unsympathetic Thomsen might appear, yet 
as a private person he was no less human than most people. Only 
very few sources cast light on his personality and private life, but 
what little there is gives a glimpse of “another Thomsen,” a caring 
family man with interests far beyond science. This chapter aims at 

3T5



JULIUS THOMSEN. A LIFE IN CHEMISTRY AND BEYOND SCI.DAN.M. 2

characterising Thomsen as a human being and a major player in 
Danish nineteenth-century science and society. The latter task is 
easier than the former.

8.1. A leader of Danish science

Apart from his much-acclaimed contributions to chemical research 
Thomsen undertook a series of administrative duties which brought 
him to the very top of the Danish system of science and higher edu
cation. As a skilled negotiator with experience in administration, 
business affairs and local politics he was well suited for these duties. 
Thomsen became the front figure in at least three of the most impor
tant institutions of Danish science, namely, the University of Co
penhagen, the Polytechnic College, and the Royal Academy of Sci
ences. But first a few words about a very important institution of the 
late nineteenth century with which Thomsen was not or only periph
erally involved.

The Carlsberg Foundation and its associated Carlsberg Labora
tory was established by the wealthy brewer Jacob C. Jacobsen, the 
founder of the Carlsberg Brewery.1 With these institutions Thom
sen had no direct connection although he was indirectly involved 
with them through his years as president of the Royal Danish Acad
emy which appointed the Foundation’s board of directors. But it 
were other members of the Academy who played important roles in 
Jacobsen’s scientific empire, in particular the zoologist Japetus 
Steenstrup and the chemist Christen Barfoed who were directly in
volved in the formulation of the statutes of the Foundation in 1876. 
The two sat on the first board of directors of the Carlsberg Founda
tion together with the classical philologist Johan N. Madvig - who 
was Thomsen’s predecessor as president of the Royal Academy - 
the historian Edvard Holm, and the physiologist Peter L. Panum. 
From 1885 and until his death in 1914 S. M. Jørgensen, professor of 
chemistry and Thomsen’s close colleague, served on the board of 
both the Carlsberg Foundation and the Carlsberg Laboratory. He 

i. See Glammann (2003).
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was chairman of the Carlsberg Foundation 1909-1913. Julius Thom
sen was absent from the Carlsberg empire.

As university professor of chemistry and member of the Senate 
Thomsen exerted much influence on the teaching of chemistry at 
the University of Copenhagen and also on the more general ques
tions discussed within the Faculty of Science. One way of promot
ing a particular branch of science was to announce a prize essay, a 
tradition which went back to the eighteenth century. Thomsen oc
casionally evaluated essays of a chemical nature and most likely was 
also responsible for some. For example, in 1872 the Faculty an
nounced a prize essay on the subject “A historical and critical sur
vey of investigations which until the year of 1868 have been made 
on the heat phenomena accompanying chemical processes.”2 One 
may safely assume that this was Thomsen’s idea but apparently no 
one submitted an answer. Two other prize essays probably reflect 
Thomsen’s later interest in atomic weights and the unity of matter. 
One of them, dating from 1882, has been mentioned in Section 7.2, 
and in 1890 the University announced a prize contest on new meth
ods applied to the determination of the relative weights of mole
cules. The latter subject, which essentially concerned physical
chemical methods, has been described in Section 6.3.

2. AarbogforKøbenhavns Universitet 1872-1873. p. 233.
3. Petersen (1993), p. 434. The total student population grew in the same period from 
about 1,000 to nearly 5,000.

In the academic year 1886-1887 Thomsen served as Rector for 
the University, to be followed by another period in 1891-1892. Dur
ing the first period he was involved in the negotiations which on 1 
April 1887 led to the promotion ofS. M. Jørgensen from lecturer (or 
associate professor) to full professor. The preparations for the cele
bration of the royal couple’s golden wedding in 1892 were taken 
very seriously by the University and Thomsen played a central role 
in them during his second tenure as Rector (see below).

The University of Copenhagen had grown considerably in the 
preceding decades and continued to grow, the influx of matriculated 
students per year increasing from about 130 in the mid-nineteenth 
century to about 350 at the turn of the century.3 Still at the time when 
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Thomsen served as Rector the three traditional faculties - theology, 
medicine and law - dominated the university with approximately 85 
per cent of the students. The number of students in chemistry and 
the other fields of science was increasing but remained small. In 1892, 
when a new law of university teachers’ salary was passed, the number 
of ordinary professors was 49 of which 10 belonged to the Faculty of 
Science. During Thomsen’s periods as Rector there were constant 
problems with inadequate funding from the government and also, on 
a quite different level, with an increasing ideological divide within the 
corps of teachers. While traditionally the professors and the Univer
sity Senate had been anchored in conservative-national values, at the 
time they were challenged by teachers who propagated liberal, posi
tivistic, and radical views. Despite Thomsen’s positivistic leanings in 
matters of science, he had no sympathy for the latter group.

When Julius Thomsen was appointed director of the Polytech
nic College on 1 August 1883 the 54-year-old institution faced sev
eral problems left over from his predecessor, the physicist Carl V. 
Holten. For one thing, the rules and structure of the College were 
archaic and in need of serious reform. These were implemented by 
Thomsen during the first year of his directorship.4 His insistence on 
strict order and work discipline led him on collision course with 
Julius F. Wilkens who since 1849 had served as professor of me
chanical technology. Wilkens had in the early 1850s been a member 
of a commission to reform the Polytechnic College and thus been 
part of the same debate in which young Thomsen was involved (see 
Section 3.1). He had then argued that the primary purpose of the 
school should be to serve industry and trade. During the following 
decades Wilkens continued to express his strong dislike of the scien
tific orientation of the Polytechnic College, complaining that he 
was insufficiently appreciated and that Thomsen actively opposed 
and even harassed him.5 Thomsen chose to ignore the difficult and 
somewhat paranoid professor who retired in 1886.

4. Lundbye (1929), pp, 191-196. AcirbogforKøbenhcivnsUniversitet 1883-1884.
5. In his later years Wilkens reported lectures without actually having given them, 
something which Thomsen found totally unacceptable. See H. I. Hannover’s 
memorial article on Wilkens in Ingeniøren no. 18 (1912): 163-168.
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As part of the reform process a new board of the College was 
formed, consisting of the director and a council of teachers. The 
College was also in need of an extension of its staff of teachers; ne
gotiations with the Ministry concerning this problem occupied 
much of Thomsen’s time. He responded in part to a general dissat
isfaction with the engineering education which had mounted dur
ing the 1880s and culminated in the early 1890s. Thomsen stressed 
in particular the need for an extension of courses in technical sub
jects, including electrical and chemical technology. Since the intro
duction of civil engineering in 1857 the field had been covered by a 
single teacher only, namely professor Ludvig F. Holmberg. As 
Thomsen pointed out in a letter to the Ministry of 1891, during this 
period civil engineering and its number of students had drastically 
increased.6 Funds for more teachers and improved facilities were 
urgently needed. After a lengthy debate a major reform was finally 
implemented in 1894. Although the seeds for a modern engineering 
education in Denmark were thus planted under Thomsen, it was 
only after Hagemann had replaced him as director in 1903 that they 
turned into flowers.

6. See Harnow (1998), p. 143 and, for Danish engineering education, Harnow 
(1993).

The political circumstances of course played a major role in the 
slow process of reforming the institutions of science and technology 
in Denmark. During the period 1885-1894 the country was effec
tively governed by the right-wing Council President Jacob Estrup 
by means of provisional laws which made it particularly difficult to 
obtain State funding for higher education and other purposes. The 
dictatorial Estrup was forced to resign in 1894, but the political situ
ation only changed markedly in 1901 with the introduction of par
liamentarism under a new liberal government (in Danish history 
this is known as “systemskiftet,” meaning the change of the system). 
It was only then that the effective power over Denmark was exerted 
by the Parliament and not by the king and his advisors. One reason 
why Hagemann succeeded where Thomsen did not was simply that 
the former worked under more favourable political and economic 
circumstances.
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Figure 8.1. The impressive new building of the Polytechnic College at 
about 1900. To the left the University’s astronomical observatory is visible.

The most important, and most visible, change of the Polytechnic 
College during Thomsen’s directorship was the establishment of 
new buildings outside the crowded inner city. The costly plans for a 
new Polytechnic College went back to shortly after Thomsen’s ap
pointment as director, but due to a combination of political opposi
tion and financial problems they were delayed. Construction finally 
began in 1888 and two years later the new building complex at the 
corner of the city’s Botanical Garden and close to the University 
Observatory was completed (Figure 8.1). The new Polytechnic Col
lege was a neighbour to the Mineralogical Museum, but due to 
Thomsen’s initiative the two institutions remained separate. The 
inauguration on 1 September 1890 was a great day for Thomsen 
who gave the main speech in front of the king and a large number 
of the country’s most distinguished persons. As part of the celebra
tion a marble bust of Thomsen and also a “Professor Julius Thom
sen grant” of 10,000 kroner were donated to the Polytechnic Col
lege. The donator was anonymous, but it is known that he was G. A. 
Hagemann.

During the busy years of 1852-1853 young Thomsen served as 
chairman of the Polytechnic Association (Polyteknisk Forening) 
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which had been founded in 1846 as a loose group of students and 
other people involved in science, technology and mathematics. In 
its early days the association hosted lectures by prominent scientists 
such as Ørsted and Forchhhammer, but it was as much a social club 
for teachers and students as it was a professional organization for 
science and engineering. Thomsen appreciated the Polytechnic As
sociation and remained a life-long member of it. He was also a 
member of the larger Technical Association (Teknisk Forening) dat
ing from 1877, a group that included many of Denmark’s important 
engineers and businessmen, several of them with experience from 
the City Council.7 There was no restriction on membership in this 
organisation. Among the members of the Technical Association 
were Hagemann, Copenhagen’s city engineer Charles Ambt (the 
successor of L. A. Colding), and Carl Jacobsen from the New Carls
berg Brewery.

7. On the two associations, see Harnow (1998) and Nielsen (2000), pp. 199-202. The 
Technical Association published its own journal, DmTekniske Formings Tidsskrift (1878- 
1941).
8. Nielsen and Wistoft (1996), p. 99. For the early history of the State Testing

However, when the far more influential and politically active As
sociation of Danish Engineers (Dansk Ingeniørforening) was 
founded in 1892 Thomsen stood outside. The twenty-one founders 
were mostly prominent engineers, amongst them the ubiquitous 
Hagemann. The new association criticized from the very beginning 
the level and content of the education at the Polytechnic College, 
something Thomsen perceived as an attack on his role as director. 
Nonetheless, he was forced to compromise and arrange a meeting 
with the critical engineers. The reform of 1894 was to a large extent 
based on the recommendations of the working group established by 
Thomsen and the engineers. Yet Thomsen had no sympathy at all 
for the Engineering Association and in particular not for its ambi
tions of interfering in the business of the College and in the political 
process generally. His dislike of the new organization only increased 
when it recommended that the Polytechnic College should estab
lish a testing laboratory oriented towards concrete and other build
ing materials.8 Thomsen ignored the recommendation and instead 
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suggested that the Engineering Association created itself the labo
ratory it desired. After negotiations with the ministry this is what 
happened. Statsprøveanstalten (the State Testing Institution) was 
founded in 1896 as a commercial project under the Engineering As
sociation but with some public support. It was taken over by the 
Danish State in 1909.

Thomsen’s attitude towards the Association of Danish Engi
neers was shaped by his experience with the manufacture of cryolite 
soda at a time when an engineer was an individual succeeding only 
because of his own talent and determination. The Association of 
Danish Engineers was not only a professional body but also an or
ganization serving the economic and labour interests of the engi
neers and in this regard a kind of a trade union, something which 
Thomsen resented. Whether consisting of workers or engineers, he 
disliked trade unions and what they stood for.

Despite his polytechnic background Thomsen identified himself 
as a scientist rather than an engineer. This may have been an addi
tional reason for staying outside the Association of Danish Engi
neers, but it cannot have been the whole reason for he also decided 
to stay outside the Danish Chemical Society founded in 1879 as the 
first Scandinavian society of its kind. The initiative came principally 
from three chemists of the younger generation, Odin T. Christens
en, Christian Steenbuch, and Thomas Thomsen, Julius’ youngest 
brother. The object of the society was “through lectures, discus
sions, minor communications and social meetings to establish a tie 
between men who have an interest in chemistry.”9 Julius Thomsen 
- at the time Denmark’s only chemist of international repute - could 
not possibly be against such an activity and at one occasion, in 1884, 
he gave a lecture to the society. But he never became a member. On 
the other hand, Thomsen’s colleague S. M. Jørgensen took a most 
active interest in the Chemical Society. Not only did he serve as its 
first chairman, he also remained in this position for more than twen
ty years. At the time of Julius Thomsen’s death in 1909 membership 

Institution, see Ingeniøren no. 19 (8 May 1909): 163-168.
g. Quoted in Nielsen (2008), p. 75. This source and Nielsen (2000) provide details 
about the early history of the Danish Chemical Society.
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in the Chemical Society had grown to about 140 of which more than 
a quarter were pharmacists.

No less than the University and the Polytechnic College, the 
Royal Danish Academy of Sciences and Letters was a permanent 
base for Thomsen’s activities. For nearly half a century he rarely 
missed a meeting. He presented a large number of communications 
and often evaluated papers submitted to the Academy’s two peri
odicals, Skrifter (Proceedings) and Oversigter (Transactions). On 18 
May 1888 Thomsen was elected the eleventh president of the Acad
emy, receiving 16 votes out of 23. He would stay in the office until 
his death in 1909, during the whole period assisted by the mathema
tician Hieronymus G. Zeuthen as secretary of the Academy.10 The 
election period was five years, and Thomsen was thus re-elected sev
eral times if not always without opposition. In the Academy as else
where his temper and authoritarian style of leadership invited con
frontation. A minority group of members preferred another 
president and yet as late as 1908 the octogenarian Thomsen was re
elected for another five-year period with the votes 25 for and 3 
against. He presided over his last meeting on 8 January 1909, about 
a month before he passed away on 13 February. In March another 
Thomsen was elected president, this time the eminent philologist 
Vilhelm Thomsen. Julius Thomsen was buried together with his 
wife at the present Solbjerg Parkkirkegård in Frederiksberg.

io. See Lomholt (1942-1973), vol 1, pp. 472-480 and Pedersen (1992), pp. 233-240, for 
Thomsen and the Royal Danish Academy.

At the time of Thomsen’s election the Royal Academy was in an 
economically troubled situation which caused him to propose that 
it applied for government support. However, because of fear that 
such support might endanger the independence of the Academy the 
proposal was shelved. On Thomsen’s instigation the crown prince 
Frederik, the later king Frederik VIII, was in 1894 elected honorary 
member of the Academy, a political move to increase its status (and 
Thomsen’s as well). As Julius Thomsen, the director of the Poly
technic College was faced with the problem of new buildings, so 
Thomsen, the president of the Royal Academy, was faced with the 
problem of finding new premises for the Academy. Happily the 
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problem turned into a non-problem when the Carlsberg Founda
tion in 1893 generously offered to house the Academy in a new man
sion to be built in central Copenhagen. The mansion, which housed 
both the Academy and the Carlsberg Foundation and thus signalled 
the close connection between the two institutions, was completed in 
1899. It was and still is located just opposite another Carlsberg 
monument, the New Carlsberg Glypthotek, the museum housing 
the exquisite art collection which Carl Jacobsen (the son of J. C. 
Jacobsen) had donated to the public a few years earlier.

At a few occasions Thomsen proposed new members to the 
Academy, always jointly with S. M. Jørgensen. We have already re
ferred to their nomination in 1889 of Mendeleev (see Section 7.5). 
In this year they also nominated the Swedish chemist Lars Fredrik 
Nilson, “one of the most reputed chemists of our time whose work 
in the areas of analytic, general and theoretical chemistry has won 
common and well-deserved recognition.” They highlighted Nil
son’s discovery of the two new elements scandium and ytterbium as 
particularly important. Nilson’s scandium survived but his ytterbi
um did not (although the name did).11 In 1890 Thomsen and Jør
gensen nominated yet another foreign member, the German chem
ist Hermann Kopp whom they praised as an eminent and versatile 
scientist as well as a pioneering historian of chemistry.12 Finally, the 
same year they nominated two domestic members, namely Odin T. 
Christensen and Johan Kjeldahl. All the nominees were accepted by 
the Academy.

11. Letter of 5 April 1889, Royal Danish Academy, Main Archive. In 1880 Thomsen 
had listened to Nilson and his colleague Per Theodor Cleve reporting on their 
research of the chemical elements in rare earth minerals. See Thomsen (1880f). The 
discovery of ytterbium and Nilson’s isolation of scandium were considered a triumph 
of Mendeleev’s periodic system which predicted an element (“eka-boron”) with 
properties similar to those of scandium. By 1890 Nilson’s ytterbium was believed to 
be elementary but within a decade or two it turned out that it was a composite 
substance. For the complex history, see Kragh (1996).
12. Letter of 16 February 1890, Royal Danish Academy, Main Archive. Kopp died in 
1892. He was the author of the important Geschichte der Chemie in four volumes (1843- 
1847).
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Figure 8.2. Thomsen at the height of his career. Wikimedia Commons.

Apart from what has been mentioned Thomsen was also in
volved, if much more indirectly, in the establishment in 1892 of the 
privately funded Pharmaceutical College. He had since 1866 acted 
as chairman of the Commission for the Pharmaceutical Exam and 

325



JULIUS THOMSEN. A LIFE IN CHEMISTRY AND BEYOND SCI.DAN.M. 2

his chemistry lectures covered large doses of pharmacy. Thomsen’s 
primary interest in a reform of the pharmaceutical education may 
have been “to get rid of the pharmacists” at the Polytechnic Col
lege, as Emil Koefoed cynically expressed it.13 At any rate, in 1888 
Thomsen became chairman of a commission to reform the pharma
ceutical education. In the report written by Thomsen the commis
sion proposed to establish a new school specifically aimed at phar
macists. The school should be independent of the University and 
the Polytechnic College. Although the government did not follow 
up on the report, a pharmaceutical school or college was established 
a few years later by the wealthy apothecary Christian D. A. Hansen. 
As director of the Polytechnic College, Thomsen participated in the 
negotiations concerning the new college and its relations to his own 
institution. Of course, when the Pharmaceutical College was inau
gurated on 1 November 1892 Thomsen was invited as a guest of 
honour. In his obligatory speech of celebration he recalled the great 
impact of pharmacists in the Danish history of chemistry and also 
that he was the first chemistry professor without a background in 
pharmacy.14

13. Koefoed (1974), p. 53. Thomsen, he wrote, disliked the pharmacists, “probably 
because they ... competed with the polytechnic candidates for many positions.” The 
report of 1888 is reproduced in the same source on pp. 79-87. Koefoed served as 
chemistry assistant at the Polytechnic College between 1882 and 1892, after which he 
moved to the Pharmaceutical College.
14. See Kruse and Kofod (1992), p. 44, where Thomsen is described as a key person 
in the planning of the Pharmaceutical College.

8.2. Public life and public science

As one of Denmark’s most admired scientists and industrial entre
preneurs, and at times Rector of the University and the Polytechnic 
College, Thomsen gave several public addresses for the consump
tion of the educated bourgeoisie. Most of these addresses dealt with 
science in one form or other, but he also referred to subjects outside 
science and technology. We have already mentioned the lecture of 
1884 on the theory of atoms and molecules that he gave to the an
nual banquet of the University (see Section 7.2). It is worth notic- 
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ing that the occasion was a commemoration of the Reformation of 
1536 in which the Lutheran-Protestant church became established 
in Denmark. And yet Thomsen did not mention the Reformation 
with a single word and he also did not refer to other aspects of theol
ogy and church history. What he did mention, and that at length 
and with much enthusiasm, was science and the many wondrous 
inventions that followed in its wake. “Our century is the age of sci
ence,” he asserted. Steamships, railways, telegraphs and telephones, 
electric light, artificial fertilizers, spectroscopy, rational agriculture, 
and the direct use of solar heat - “All of these results and many oth
ers are almost exclusively the products of science.”15 Scientific re
search held a truly amazing potential, Thomsen said, adding that 
the sheer number of wonders flowing from the laboratories might 
cause people to take scientific and technological progress for grant
ed. He worried that attention was turning into indifference and that 
discoveries and inventions no longer invoked the admiration they 
had enjoyed just a few years ago.

15. Thomsen (1884), pp. 1-2. See also Kragh et al. (2008), pp. 243-245.
16. Thomsen’s lecture is briefly summarized in Tidsskriftftor Physik og Chemi 7 (1886): 
289-290.

Thomsen deeply believed that science was an unmitigated ben
efit for society, but he was neither naive nor uncritical in his praise 
of science. At the 1886 meeting of Scandinavian scientists in Chris
tiania he gave a plenary lecture on “The Fundamental Hypotheses 
of Natural Science.” These fundamental hypotheses included the 
two conservation laws of energy and matter but also, he said, the 
impossibility of creating life out of lifeless matter.16 As mentioned, four 
years later, at the inauguration in 1890 of the new buildings of the 
Polytechnic College its director, Julius Thomsen, spoke to a large 
audience including the king, the queen, the crown princess, and 
other members of the royal family. He expressed his view of science 
and its future in terms that indicated a certain reservation. Although 
he was confident that science would continue making progress, he 
did not believe that a complete understanding of nature would ever 
be possible. Despite the enormous advance in scientific knowledge, 
most likely there were limits which could not be transgressed. Some 
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of these limits were given by the fundamental laws of physics while 
others were of a more practical, technological nature:

Man is able to form and transform matter, but not to increase or re
duce the amount of it; he is able to transform one activity into an
other, but never to generate an activity from nothing or annihilate an 
amount of work. ... No one has the capacity to form a cell that is able 
to live, or a seed that is able to sprout. And I think this ought to be 
kept in mind; for in our day and age, science is presenting so many 
wonderful findings, in the field of physics and that of chemistiy, that 
it easily kindles the greatest aspirations and leads to an over-estima
tion of the reach of science; to an idolatry against which one must 
caution fully as much as H. C. Ørsted once zealously denounced the 
superstition of his times at the founding of the Polytechnic College.17

17. Lundbye (1929), p. 223. The first lines refer to the laws of conservation of matter 
and energy, respectively. With the discovery of radioactivity in the late 1890s it turned 
out that matter conservation is not an absolute law of nature.
18. Quoted in Kragh et al. (2008), p. 136.

Thomsen referred to Ørsted’s speech on 5 November 1829 in the 
presence of the king, Frederik VI, which dealt with “The Intellec
tual Influence Exercised by Natural Science in its Practical Applica
tions.” Thomsen might also, on the occasion in 1890, have men
tioned his predecessor as director of the Polytechnic College, J. G. 
Forchhammer, who in a lecture of 1858 said: “No chemist, physiolo
gist or geognostic has, as yet, been able to explain to us the manner 
in which inorganic matter could be transmuted into an organic 
being.”18 Thomsen went on with a mathematical analogy:

In mathematical terms, the relationship of science to the enigma of 
existence is a hyperbolic function; for just as the hyperbole on its 
rule-bound path moves ever closer and closer to its asymptote with
out ever being able to reach it, so the development of science brings 
us ever closer to the recognition of truth, but without it will ever suc
ceed to fully reach its source.
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Views of the same kind would later be argued by several twentieth
century philosophers of science.

As a final example of Thomsen’s public addresses consider a uni
versity lecture he gave as part of the celebration in 1892 of the gold
en wedding of the royal couple, king Christian IX and queen Lou
ise.19 As one might expect at an occasion like this, the lecture was a 
panegyric praise of the king and the great progress Denmark had 
experienced during his reign. Mixing panegyric and patriotism 
Thomsen traced Denmark’s much needed reform period to the 
democratic constitution of 1849, a turning point which caused “a 
sudden change in the character of the people.” But he also com
plained that a large part of the population was still not ready to take 
on the responsibility associated with democratic reforms. Thomsen 
referred to the catastrophic war with Germany of 1864 which had 
caused the government to focus on domestic progress rather than 
power in the international arena. What was needed, he said, was a 
determined development toward “an energetic, entrepreneurial and 
civilized state.” In this great national project the University was an 
indispensable partner: “The influx of students has never been as 
high as during the latter years; never before have all classes of the 
people ... gathered around the university, recognizing that knowl
edge is power.” Yet Thomsen well knew that the University was an 
elite institution and not really one for “all classes of the people.”

19. Thomsen (1892b), published separately and also in the newspaper Berlingske 
Tidende. Christian IX (1818-1906) was the first Danish king since 1660 which did not 
hold absolute power. Thomsen spoke in front of a most distinguished audience 
including not only the royal couple but also the Tsar and Tsarina of Russia as well as 
many other members of the European royal houses.
20. Information about the City Council during Thomsen’s time can be found in 
Lange (2006), pp. 135-141, and Vinding (1942), pp. 210-245.

In 1861 Thomsen was elected a member of Borgerrepræsenta
tionen (Copenhagen City Council), an organisation founded in 
1840 and consisting of 36 citizens of repute.20 As the highest author
ity in the capital the City Council was a powerful institution respon
sible for the appointment of mayors and the development of the 
city. The members, who were unsalaried, sat for a period of six years 
with the possibility of re-election. They met about thirty times a 
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year. At the time membership of the City Council was in practice 
reserved the economic and commercial elite such as bankers, facto
ry owners, and merchants; also a few engineers, professors, and ar
chitects entered what has been characterised as “a self-constituted 
welfare council.”21 Although they were formally elected, in reality 
they were chosen by the tightly-knit group of existing members. 
There were no political parties represented in the City Council but 
in a general sense it was a bastion of conservatism until the end of 
the century.

21. Vinding (1942), p. 211.
22. According to Marstrand (1928), p. 118. Jacob Marstrand, Mayor of Copenhagen 
1904-1917, was one of the new “insolent disturbers of the peace” which were elected 
to the City Council in 1893. He recalled that Hagemann’s attitude was much more 
sympathetic than Thomsen’s.
23. See Illustreret Tidende of 23 February 1896, pp. 313-314, where Thomsen is portrayed 
as one of the most influential members of the City Council: “There was never 
established a significant committee without Thomsen as a member, and nor was 
there any serious debate without Thomsen taking part in it.”

In 1893 the bourgeoisie running the city was challenged when 
several liberals and social democrats were elected, much to the re
gret of Thomsen who regarded them as “insolent disturbers of the 
peace.”22 The entrance of liberal and even socialist ideas much an
noyed him and may have added to his decision to leave the City 
Council in 1894. It was not his only reason, though. There was at 
the time a major discussion of whether the city should invest in a 
new system of sewers or in a new and much-needed Town Hall 
building. Thomsen argued for the first solution but was overruled 
by a majority in the City Council, which greatly dissatisfied him.23 
He thought that the expensive Town Hall project could wait until 
the problem of the city’s sewers had been solved. The magnificent 
Town Hall building, designed by the architect Martin Nyrop, was 
completed in 1898.

Thomsen had close connections to several of the city councillors 
and used the platform to establish further connections and extend 
his social network. His former business associate C. F. Tietgen also 
entered the council in 1861 but left it again after only four years. 
Thomsen valued his connections to Tietgen who, on his side, found 
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Thomsen’s technological expertise useful and occasionally em
ployed him as a kind of technical consultant. For example, when the 
Great Northern Telegraph Company planned to lay a cable between 
England and Denmark, Tietgen requested Thomsen’s advice re
garding the best isolation material for the cable. The traditional ma
terial for submarine cables was gutta-percha, a natural thermoplas
tic material, but Tietgen was aware of other proposals and asked 
Thomsen to evaluate the possibilities for an alternative.24

24. Tietgen to Thomsen, 9 January 1868 (Royal Library, TSC).
25. Vinding (1941), p. 39.

Another of Thomsen’s friends from the days of the cryolite ad
venture, G. A. Hagemann, was a member of the City Council from 
1882 to 1902, and he was no less active than Thomsen. Like him, he 
mostly dealt with technical matters, infrastructure, and building 
projects; also like Thomsen, he emphasised that the City Council 
was - or ought to be - non-political in the sense that the members 
did not represent the political parties. Thomsen took his work as a 
City Councillor seriously, as he did with all work in which he got 
involved, and he spent much time in the political negotiations with 
his fellow councillors. His focus was on problems of a technical and 
economic nature, whether transportation, energy supply, sanita
tion, or building constructions. In this work he established a fruit
ful collaboration with one of the mayors, Edvard D. Ehlers, a poly
technic candidate from 1835 who was responsible for the city’s 
technical infrastructure. His contacts with Ehlers were professional 
as well as social. True to his habits Thomsen was frequently involved 
in minor disputes with, for example, his old collaborator L. A. 
Colding who until 1886 served as City Engineer.25

In addition to his work in the City Council, Thomsen was in 
1863 appointed member of a commission to reform the country’s 
system of measures and coins, and during 1882-1892 he served as 
chairman of the Harbour Council. In 1870-1873 he worked in a 
commission whose aim it was to improve the medical education and 
to coordinate it with the needs of the hospitals. A major result of the 
first commission was the coin reform of 1873 where the modern sys
tem of 1 krone = 100 øre was introduced. According to Hagemann, 
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for many years the technical expertise in the City Council was al
most identical with Thomsen. “The gasworks, the waterworks, and 
the sewage system are his municipal memorials,” he exaggerated.26 
In 1903, at the age of 77, Thomsen was appointed chairman for a 
commission which should oversee the move of the University’s ob
servatory at Østervold.27 However, nothing came out of the commis
sion’s plan and it took until 1946 before the inadequate observatory 
in Copenhagen was replaced by another one far away from the city.

26. Hagemann (1909), p. 130.
27. Aarbogfor Københavns Universitet 1911-1912, pp. 707-727.
28. See Hyldtoft (1994) for a detailed history of the Danish gas system during the 
nineteenth century.

Gas works and lines for lighting and other purposes were intro
duced in Denmark in the mid-nineteenth century, first in Odense in 
1853, which at the time was the country’s second-largest city. Co
penhagen followed suit four years later when more than 2,000 gas
lights were installed to replace the city’s traditional oil lamps.28 As 
mentioned in Section 2.3, the leading planning engineer in the early 
phase of the Copenhagen coal gas system was the polytechnic can
didate Georg Howitz with whom Thomsen had close connections 
and for a time entered a business partnership to turn the invention 
of the cryolite soda method into a manufactory. In 1858 Howitz 
became the first manager of the Copenhagen Gas Works (Vestre 
Gasværk). In Denmark as elsewhere the new technology was seen 
as a revelation; it attracted massive scientific, technological, and 
economic interest. One indication of the interest is the large num
ber of articles on the subject in 'Tidsskrift, the journal established by 
the Thomsen brothers in 1862. Most of the articles and notes deal
ing with gas technology were written by either Julius or August 
Thomsen.

Julius Thomsen’s interest in the matter was primarily rooted in 
technological and economic considerations rather than in scientific 
curiosity. After having become a member of the City Council he 
went to Paris to study the energy economy of various kinds of gas 
burners and their possible uses in Copenhagen. Upon his return he 
made a series of systematic measurements with the purpose of find- 
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ing the type of burner with the highest luminosity and least waste of 
gas energy in the form of heat. He estimated that as much as 30 per 
cent of the city’s consumption of gas was wasted and that consum
ers would save up to 50 per cent if the efficiency of their burners was 
maximized. In his photometric experiments at the Copenhagen 
Gas Works he determined the gas consumption at varying luminos
ities for Argand burners and different designs of slit burners.29

29. The much used Argand lamp or burner was originally an oil lamp invented by the 
Swiss scientist Aimé Argand (1750-1803) in 1780. The principle of Argand’s invention 
was later adapted to gas burners.
30. Thomsen (1863c), p. 81.
31. For a brief description of Krayenbühl’s invention see Kragh and Petersen (1995), 
pp. 287-288.
32. Hyldtoft (1994), p. 142. According to August Thomsen (1877), the gas in 

These practically oriented experiments resulted in recommenda
tions of which burners to use and how to regulate them in order to 
minimise the cost. Thomsen’s general recommendation to the con
sumer was to use either an Argand burner or a carefully regulated 
slit burner. “The most important rule for the economy of gas illumi
nation is this: use few and large flames.”30 As he pointed out, not 
only would this save money for the consumer it would also result in 
a cleaner, less polluted air. It was more than just recommendations, 
for in 1879 Thomsen, dissatisfied with the high prizes of consumer 
gas, brought up the question before the City Council with the result 
that the prize was actually reduced.

Danish scientific contributions to gas technology were few and 
relatively modest but not without local impact. The most important 
was undoubtedly Howitz’s method of using bog iron to purify the 
coal gas (see Section 2.3), but also the engineer J. Charles Krayen- 
biihl’s invention of a coal tar centrifuge in the 1880s deserves men
tion.31 As a member of the City Council, Thomsen was involved in 
the implementation of several of the innovations related to gas tech
nology. For example, in 1881 he criticized the Copenhagen gas for 
its smell of sulphurous gases, especially hydrogen sulphide, arguing 
that this was in part the result of using bog iron as purifier; he sug
gested that the method should be supplemented with lime as purifi
er.32 In 1879 Thomsen invented a new type of manometer which was 
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more sensitive than existing instruments and particularly suited for 
measuring small differences in gas pressure. He suggested that his 
“sinus manometer” was not only of scientific but also of technologi
cal importance as it could be used to regulate the flow of air in ven
tilation shafts or gas lines.33 Thomsen emphasised that the instru
ment would be useful in maintaining a constant gas pressure in the 
gas lines of large cities.

Copenhagen contained about 0.001 g sulphur per litre, which was substantially more 
than in London, Leipzig and Berlin.
33. Thomsen (1879a). I am not aware if Thomsen’s manometer was actually used for 
these or other purposes. It was briefly mentioned in Nature 20 (1879): 46.
34. Quoted in Rode (1942), p. 39.

As Thomsen was keenly interested in gas technology, so he took 
an interest in the electric power system which was a subject of much 
discussion in the City Council in the late 1880s. But he was far from 
enthusiastic and thought for a while that public electricity supply 
was a luxury for the few that the city could not afford. After all, 
there was a well-functioning gas system and should the city now 
invest in a system that would compete with it and in all likelihood 
produce energy at a higher cost than previously? Besides, he consid
ered electric power plants and the distribution of electricity to be 
scientifically complex tasks which required competences of quite a 
different kind than the gas system. Thomsen warned the City Coun
cil that “The person in charge of an electric lighting plant must have 
expert knowledge in mathematics and physics; for electric illumina
tion is completely based on a scientific foundation and rests on cal
culations performed with the utmost accuracy. The operation of gas 
works, on the other hand, is an industry whose management does 
not to the same extent require mathematical knowledge.”34 After 
much discussion the City Council approved in 1889 to establish a 
municipally owned electric power station which opened three years 
later. Thomsen was initially somewhat sceptical but decided to fol
low the majority.

Shortly before leaving the City Council in 1894, Thomsen pro
posed a plan with the purpose of improving the city’s sanitary con
ditions caused by the inadequate removal of night soil. His idea was 
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to establish a central station for night soil on the island of Amager. 
Some of the night soil should be sold to local farmers as fertilizer 
and the rest, together with waste water from the sewer lines, should 
be pumped into the Øresund waters by means of a pumping station 
driven by a powerful steam engine. Thomsen argued that there 
would be almost no pollution effects: “The mass of solid night soil 
which each day is discharged and mixed with salt water ... will be 
diluted in a ratio of 1 to 5 million or just one drop in four barrels of 
water. Its effect will at most be an insignificant change in the colour 
of the water; but at such a dilution a chemist will hardly be able to 
detect any amount of night soil at all.”35 The proposal was well re
ceived by the medical authorities. After protracted negotiations a 
pumping station for night soil, largely following Thomsen’s plan, 
was established in 1901.

35. See Lindegaard (2001), p. 224, where the case is discussed in detail.

8.3. Personality and impact

Thomsen never wrote a textbook for the higher education; he made 
his chemical research experiments himself and his long list of pub
lications in chemistry does not include a single one with a co-au
thor; in his teaching he had but few assistants and even fewer gradu
ate students; with one possible exception (Emil Petersen) he had no 
pupils. This and his generally unapproachable nature would sug
gest that he had very little impact on the course of chemistry in 
Denmark. Yet, although Thomsen did not form a scientific school 
or anything just remotely like it, on an individual basis his influence 
on the younger generation was considerable.

Among Thomsen’s assistants was Christian D. A. Hansen who 
worked with him at the chemical laboratory of the University be
tween 1870 and 1872. Trained as a pharmacist and without having 
matriculated to the University, Hansen won in 1872 its gold medal, 
the first time ever that the honour was awarded a non-academic. His 
essay on “the relationship between the crystal form of a substance 
and its chemical composition” was evaluated by Thomsen and the 
geology professor J. E Johnstrup. While an assistant under Thom
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sen, and with his support, Hansen got interested in dairy chemistry 
and the problem of manufacturing animal rennet for cheese-making 
on a scientific basis. The result was a successful company which 
eventually grew into an international corporation in biotechnolo
gy.36 Thomsen was impressed by the entrepreneurial spirit of young 
Hansen who, on his side, considered Thomsen his mentor. In 1891 
the now wealthy businessman and privy councillor Hansen donated 
a large sum of money to establish the Pharmaceutical College (see 
also Section 8.1). The idea may have come from Thomsen, who ap
proached Hansen one or two years earlier, suggesting that he used 
his wealth for the noble cause.37

36. For Hansen’s essay see AarbogforKøbenhavns Universitet 1871-1873. p. 238. See also 
Kruse and Kofod (1992) and Kragh and Petersen (1995), pp. 201-202. Today Chr. 
Hansen A/S is a global company producing natural ingredients for the food, 
beverage and agricultural industry with more than 2,300 employees.
37. According to Koefoed (1974), p. 53.
38. Koefoed (1974), p. 47 and p. 50. His impression is confirmed in Bergsøe (1945), p. 

In addition to Hansen, Thomsen had other assistants at his dis
posal which helped him with the lectures and the experimental 
demonstrations which were often parts of them. We have already 
mentioned his brother Thomas (Section 1.1) and also Emil Petersen 
(Section 6.3) who may have been the one closest to Thomsen and 
the only one to work, if only briefly, in his thermochemical research 
area. Erich C. W. Steenbuch, a pharmaceutical candidate and later 
an apothecary, worked as assistant at the University’s chemical lab
oratory from 1872 to 1889, in part as responsible for Thomsen’s lec
ture experiments. According to the recollections of Emil Koefoed, 
later a professor of chemistry at the Pharmaceutical College, “His 
[Thomsen’s] lecture experiments were regarded as the very best of 
what could be performed on a lectern.” But, he continued: “Woe to 
assistant Steenbuch if something went wrong; he would then be re
buked in front of the audience, which we felt was embarrassing. 
Thomsen’s lectures were good but more fitted for the polytechnic 
than the pharmaceutical students. ... The tone in the laboratory was 
not very pleasant, and especially not under Steenbuch. We had the 
impression that as he had been bullied by Jul. Thomsen, so he 
would take revenge on us.”38
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Haldor F. A. Topsøe served as chemical assistant under Thom
sen from 1867 to 1873 during which period he completed a doctoral 
dissertation. In 1876, after the retirement of Jesper Bahnson, he was 
appointed chemistry teacher at the Army’s Military Academy, since 
1868 the successor institution of the Military High School; this was 
the same position which Thomsen had unsuccessfully applied for 
back in 1859 (Section 1.1). A specialist in crystallography, Topsøe 
was elected a member of the Royal Danish Academy in 1877. As a 
member of the Academy and also as General Secretary of the meet
ings of Scandinavian scientists in 1892 (Copenhagen) and 1898 
(Stockholm), he must have been in close contact with Thomsen, 
who served as President of the 1892 meeting (Figure 8.3). The two 
chemists shared an interest in Greenland and its cryolite deposit, 
and after Thomsen’s death Topsøe became director for the Cryolite 
Mining and Trading Company (Section 2.5). Johan Kjeldahl, one 
of Denmark’s most important chemists, was not an assistant to 
Thomsen but as a student at the Polytechnic College he followed 
his lectures. He later became the first director of the Carlsberg Lab
oratory. Kjeldahl appreciated Thomsen with whom he mixed not 
only professionally but also socially.39

110, and also in Christensen (1910), p. 168: “Only very rarely did one of his [Thomsen’s] 
experiments fail; he demanded that they were carefully prepared and could be rather 
rough [with his assistant] if he thought that the unfortunate result was due to 
inadequate preparation.” Jensen (1984) suspects that Steenbuch prepared most of the 
solutions and other substances that Thomsen used in his thermochemical investigations.
39. According to Jerslev (1963), p. 121.
40. See Strand (1968) who refers to “a small book on this subject [chemistry] by the 
famous Danish chemist, Julius Thomsen.” The book must have been Thomsen 

Numerous chemistry students at either the Polytechnic College 
or the University listened to Thomsen’s lectures, and a few of them 
later made important contributions to science, technology or cul
ture. Ejnar Hertzsprung has a name in the history of astronomy as a 
pioneer of stellar classification, witness the Hertzsprung-Russell 
(HR) diagram relating the luminosity of stars to their colours; but 
he was trained as a chemical engineer and not as an astronomer. Ac
cording to one source, he became interested in chemistry when 
reading a book by Thomsen.40 Having received his degree as a poly-
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Figure 8.3. The fourteenth meeting of Scandinavian scientists, Copenha
gen 1892. Thomsen, who served as President of the meeting, is in the lower 
right part of the composite photograph; H. Topsøe, the meeting’s General 
Secretary, is placed second to his right. Source: Peter C. Kjærgaard, ed., 
Dansk Naturvidenskabs Histone, vol. 3 (Aarhus: Aarhus Universitetsforlag, 
2006), p. 137.

technic candidate in 1898 Hertzsprung worked as an engineer for a 
German acetylene company in St. Petersburg. In 1901 he went to 
Leipzig to study photochemistry under Ostwald and prepare for a 
doctoral dissertation. Private circumstances caused him to return to 
Denmark and it was only then that he changed, with great success, 
from chemistry to astronomy. However, as an astronomer 
Hertzsprung did almost all his work in Germany and the Nether
lands.

From his studies at the Polytechnic College Hertzsprung may 
have known another student of chemical engineering, the four 
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months older Paul Bergsøe who graduated in 1899. Bergsøe has a 
name in Danish history as a chemical engineer, founder of a metal
lurgical company, and an accomplished author and science popu
lariser. He followed for a period Thomsen’s lectures for polytechnic 
and medical students, about which he recalled: “As he stood there 
behind his lectern in the University’s chemical auditorium in Øster- 
voldgade, there was something distant as well as awe-inspiring 
about him. Busy assistants had covered the long table with flasks 
and other glassware; the lecture was constantly accompanied by ex
periments which from time to time resulted in fireworks with smoke 
and vapours. Thomsen, who was dressed in a frockcoat, took him
self and his lectures very seriously.”41 When Bergsøe was a young 
man he discovered an electrolytic method of removing tin from tin 
clippings. His efforts to establish a manufacture based on the meth
od received support from Hagemann and Thomsen. According to 
Bergsøe’s memoirs, Thomsen confirmed that the method agreed 
with the relevant thermochemical data.

41. Bergsøe (1945), p. 109.
42. Quoted in Larsen (1950), p. 210.

The most famous pair of Danish inventors is arguably Peder 
Oluf Pedersen and Valdemar Poulsen who were both, each in his 
own way, indebted to Thomsen. A 15-year-old farmer’s boy from 
Jutland, Pedersen thought in 1889 that he had made an invention of 
a new, eternally working watering device and had the audacity to 
address the king, requesting support for his idea. His letter ended 
up on the desk of Thomsen, who requested the engineer Simon 
Borch to look at it. Although Borch quickly realised that Pedersen’s 
machine, essentially a perpetuum mobile, would not work, he and 
Thomsen were impressed by the boy’s mechanical talent. There is 
reason to believe, Thomsen wrote, “that the applicant would be 
able to make progress in the field of technology if he, by following 
a course at a technical institute, could attain the theoretical skills 
that are necessary for work of this kind.”42 Thomsen raised econom
ic support for the youngster and arranged for him to come to Co
penhagen to stay with Borch. In 1892 Pedersen entered the Poly
technic College from where he graduated as a construction engineer
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Figure 8.4. Thomsen in his private residence in Ny Vestergade 11. Photo
graph from ca. 1900, as reproduced in Vinding (1941), p. 45.

five years later - eventually to become director of the College in 
1922.

In a radio broadcast of 1941 Pedersen spoke movingly of the 
“unique helpfulness and kindness” which Thomsen had showed 
him as a teenager. Thomsen evidently cared about the young man: 
“He arranged that I entered a gymnastics class; he paid the expens
es for it and undoubtedly also controlled that I actually participated 
in the class. Many a Sunday evening I was a guest in his home ... 
[and] during the summer these evening parties were sometimes ex
tended to a visit in Tivoli.”43 After Pedersen married in 1899 he and 
his wife often visited the Thomsen family. The last time, in company 
with Poulsen, was a few weeks before Thomsen’s death.

43. Pedersen (1941), based on broadcast lecture of 28 May 1941. Tivoli is the 
amusement park in the centre of Copenhagen.
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In 1889 Poulsen entered the University of Copenhagen to study 
medicine but soon dropped out. A subsequent attempt to pass the 
entrance exam to the Polytechnic College failed because of poor 
grades in mathematics and instead he became employed as a techni
cal assistant at the Copenhagen Telephone Company. This led in 
1898 led to the invention of the “telegraphone,” the world’s first 
functional magnetic recorder. He soon teamed up with Pedersen 
with whom he developed an arc transmitter for wireless telegraphy. 
For a period this technology known as the “Poulsen arc” was a 
much-used alternative to other types of wireless telegraphy based 
on Marconi’s system. Although Poulsen, an autodidact mechanical 
genius, never studied at the Polytechnic College, during his brief 
period as a student of medicine he listened to Thomsen’s lectures in 
chemistry. They made a lasting impression on him and wetted his 
appetite for science and its applications:

Never before nor later did I, by nature a scientifically and artistically 
inclined student, experience more enthralling lectures ... marked by 
the famous chemist’s dazzling experiments and his picturesque, au
thoritative appearance. Thomsen’s rather grim and somewhat melan
cholic look disappeared on occasions, as when he advised the stu
dents of an upcoming experiment: “Now, my dear gentlemen, you 
will obseive a rather lively reaction,” and immediately thereafter the 
auditorium would resound with a thundering boom that more than 
woke up those sleeping unworthily on the back rows.44

44. Poulsen (1930). According to Pedersen (1941), Poulsen was fascinated by 
Thomsen: “None other of Poulsen’s teachers made as deep an impression on him or 
influenced his development as strongly as Thomsen did.”

In 1900, when the Association of Danish Engineers inaugurated its 
new premises in central Copenhagen, Hagemann decided to hon
our six young Danes for their inventiveness, including Poulsen, 
Pedersen, and Bergsøe. This he did by awarding them a bronze 
copy of the gold medal which had been presented to Thomsen on 
the occasion of his seventieth birthday four years earlier. The copies 
were made with Thomsen’s permission and Hagemann pointed out 
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that they should remind the recipients of “the man whom we all 
look up to with such reverence and respect.”45

45. Vinding (1942), p. 465; Bergsøe (1945), p. 159. The Julius Thomsen medal 
awarded in 1900 was Hagemann’s donation and only given on this occasion. The 
other recipients were Aa. Kirchner, A. Theilgaard, and C. J. Kielberg. What is 
presently known as the Julius Thomsen Medal dates from 1936.
46. Thomsen (1870d); Bjerrum (1909), p. 4978.
47. Quoted in Kruse and Kofod (1992), p. 24. Klæbel found Jorgensen’s lectures less 
satisfactory: “Contrary to Thomsen, he did not have a fortunate hand when he 
demonstrated experiments; they sometimes went wrong.”
48. Christian Petri in a paper of 1909. Here quoted from Lundbye (1929), p. 376.

Thomsen took pride in his lecture demonstrations, which he per
fected over the years and in some cases developed himself. He could 
be a bit of a chemical showman, although of the serious kind. In 
1870 he reported to the German Chemical Society about some par
ticularly “simple and elegant” chemical reactions illustrating revers
ible combustions that were suitable for lecture experiments.46 One 
of the spectacular experiments demonstrated how the burning of 
hydrogen in an oxygen atmosphere (2 H2 + O2 —> 2 H2O) can as well 
be conceived a burning of oxygen in an atmosphere of hydrogen.

In the 1880s Thomsen lectured four times a week on inorganic 
and general chemistry for a large audience consisting mainly of 
medical and pharmaceutical students but also with some polytech
nic and university students in the audience. Victor Klæbel, a phar
maceutical candidate of 1884, recalled Thomsen as an excellent 
speaker whose lecture experiments made quite an impression on the 
students. Thomsen preferred to leave the laboratory exercises to his 
assistants, but occasionally he turned up in his frockcoat, asking a 
few questions to the students. “We all had a great respect for him, I 
believe; there was no giddiness when he was around.”47

Of course, not all students shared Poulsen’s enthusiasm with re
gard to Thomsen’s qualities as a teacher. Some found his lectures 
too elementary, more directed toward medical students than to seri
ous students of chemistry. “Julius Thomsen hardly had much un
derstanding of the views of the younger generation,” an engineer 
reminisced; “it is doubtful if he could be called a beloved teacher.”48 
The author of another obituary, the chemist Hans Jessen-Hansen, 
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referred to Thomsen as “an elegant and bold experimenter ... 
[whose] experiments left an impression on all listeners, even though 
he did not win their affection to any extent.”49 Carl F. Jarl, an engi
neer who had followed Thomsen’s lecture course in the 1890s, simi
larly highlighted the lecture demonstrations: “His lectures on intro
ductory chemistry were at times somewhat monotonous, but he was 
an exceptionally good experimenter who impressed [the audience] 
by his well-prepared and boldly performed experiments.”50

49. Jessen-Hansen (1910), p. 348. Jessen-Hansen, a polytechnic candidate of 1891, 
worked from 1892 at the Carlsberg Laboratory as an assistant of J. Kjeldahl and S. P. 
L. Sørensen.
50. Jarl (1909b), p. 53. Jarl served 1902-1911 as director of the Øresund Chemical 
Factories and wrote the first history of the company, Jarl (1909a).
51. Kragh et al. (2008), pp. 349-356; Nielsen (2000), p. 77.
52. See Meyer’s untitled article in Jacobsen (1925), pp. 81-85.

The late nineteenth century was the period in which female stu
dents first made their entry in the academic halls of science. In Den
mark women were allowed to the university in 1875 and fourteen 
years later Sofie Rostrup, a student of plant pathology, became the 
first Danish woman to defend her master’s thesis on a subject of 
natural science.51 Kirstine Meyer, one of the first female graduates 
in physics and the aunt of Niels Bjerrum, recalled about her labora
tory training in chemistry in about 1886 that she did not experience 
any problems because of her gender. S. M. Jørgensen outfitted a 
temporary changing cubicle for women near the old chemical labo
ratory. “Our famous chemist Julius Thomsen,” on the other hand, 
“was not a friend of women entering academic studies; he preferred 
to ignore their existence.” As director of the Polytechnic College 
and responsible for the furnishing of the new buildings Thomsen 
“opposed any special arrangements in the toilets and changing 
rooms that might anticipate the presence of women among the stu
dent body - better close the eyes for the possibility.”52

But whether Thomsen wished it not, women did enter the study 
of chemistry at the new Polytechnic College. In 1897 the two first 
women graduated in chemical engineering. Thomsen was a person
al friend of the distinguished Uppsala chemist Per T. Cleve, who 
was a supporter of women’s equality. In 1898 Astrid Cleve, the 
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daughter of Per Cleve and his wife Alma, became the first woman in 
Sweden to earn a doctorate in natural science; after she married the 
German-born biochemist Hans von Euler-Chelpin the couple en
tered a fruitful scientific collaboration in organic chemistry. Thom
sen, by then retired, followed the development in Uppsala with sur
prise but also with genuine interest, perhaps even admiration. In a 
letter of 1908 to Alma Cleve, he wrote, “I was interested to hear how 
Astrid and her husband worked together in the scientific field and 
divided their time between science and their three children.”53

53. Thomsen to A. Cleve, 24 January 1924, Uppsala University Library, as quoted in 
Espmark and Nordlund (2012), p. 86. In 1929 Hans von Euler-Chelpin was awarded 
the Nobel Prize in chemistry for his work on the role of enzymes in alcoholic 
fermentation. By that time he and Alma had divorced.
54. Thomsen (1879b).
55. Aaserud and Heilbron (2013), p. 3.

Thomsen sharply separated his private life from his life as a sci
entist, an administrator, and a participant in public affairs. He did 
not consider his private life and views to be of interest to anyone but 
himself and his family, and consequently he never wrote about him
self except in a professional, terse, and factual way. Contrary to 
many other scientists of fame, he did not write any kind of autobi
ography. In 1879, when receiving an honorary doctorate from the 
University of Copenhagen, Thomsen was obliged to write an auto
biographical sketch but characteristically it was brief, kept in the 
third person, and limited to a factual account of the most important 
steps in his scientific career.54 It was no more personal or emotional 
than his long tables of thermochemical data. But, as we have seen in 
previous chapters, Thomsen did have emotions and he did have a 
life outside the laboratory and the conference rooms. Indications of 
this life and Thomsen’s personality generally appear from his exten
sive correspondence with members of his family. As historian of sci
ence Finn Aaserud points out, “the private sphere of scientists is far 
less documented that that of other groups of intellectuals, which is 
part of the reason that it has only received scant attention among 
historians of science and other interpreters of the documentation 
that scientists have left behind.”55 One might imagine that Thom
sen’s brothers, daughters or wife exerted some kind of indirect im
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pact of how he approached science or thought about it in wider 
contexts, but I have found nothing in his personal correspondence 
or other sources that suggest such an impact.

Another source that illuminates Thomsen’s personality is the 
dozen or so obituaries and memorial articles that were written on 
the occasion of his death, most of them in Danish but also a couple 
in other languages. Although obituaries are of course problematic 
as historical sources and have to be looked at in a critical light, if 
taken together they convey information that cannot be found else
where. Almost all obituaries and contemporary sources refer to 
Thomsen’s fighting nature, his temper and strong opinions, and to 
his dislike of being contradicted.56 The many scientific controversies 
in which he was involved speak their own language. “Thomsen was 
a fiery and crusty nature,” wrote Bjerrum. “He could attack an op
ponent quite without self-command ... but shortly after the thun
derstorm he would again be calm and friendly.”57

56. Apart from shorter notes, obituaries and memorial articles include Bjerrum 
(1909), Hagemann (1909), Jørgensen (1909), Muir (1909), Jarl (1909b), Christensen 
(1910), Thorpe (1910), Jessen-Hansen (1910), Brønsted (1909) and (1932), 
Christiansen (1929), Vinding (1941), and Pedersen (1941).
57. Bjerrum (1909), p. 4987.
58. Thorpe (1910), p. 165. The authority which Thorpe relied upon may have been 
Bjerrum.

As Thomsen saw it, life was one long struggle and he wanted to 
win every battle whether large or small. His self-confidence and 
stern authority derived from his fighting experiences which con
vinced him that in scientific as well as other matters he was usually 
right. If people found him reserved and cool, even unfriendly, he did 
not mind. Thorpe wrote in his obituary to the Chemical Society:

The students respected and even feared him, but his cold and unsym
pathetic nature evoked no warmer feelings. It was said of him by one 
who knew him intimately that he never learned to draw the young to 
him, to create in them an interest for his work, to form a school. 
Thomsen was a homely man, but not even in his home, says the same 
authority, was it possible for him to change his active, earnest, strenu
ous disposition - what his friends called his fighting character.58
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Indeed, phrases like “more feared than beloved” appear in several 
of the obituaries, even the more praising of them. This was the case 
with Hagemann’s memorial address given on 2 March 1909 at a sol
emn ceremony in the Polytechnic College. Hagemann, who had 
known Thomsen for half a century, was not blind to the weaknesses 
of the great chemist but he focused on his undeniable importance 
for Danish science and society. Ending his address he was moved to 
cite Henry Longfellow’s “Psalm of Life”:

Life of great men all remind us,
We can make our life sublime,
And, departing, leave behind us,
Footprints on the sands of time.59

59. Hagemann (1909), p. 132.
60. This may have been a reference to Thomsen’s investigations a few years earlier of 
complex platinum double salts, as mentioned in Section 4.3. Blomstrand thought 
that the compound Thomsen had found had a chain-like character, contrary to 
Thomsen’s formula. See p. 88 in Kauffman (1976), where Blomstrand’s paper of 
1871 is translated into English.
61. The letters of 1886 and 1889 are summarised in Kauffman (1977). In a letter of 
1896 Jørgensen referred to Thomsen’s seventieth-year birthday, calling him a great 

Thomsen could certainly be difficult to work with and even more+ 
difficult to work under. His close colleague S. M. Jørgensen gener
ally had a good relationship to Thomsen but on occasions found 
him difficult and annoying. Jørgensen was a life-long friend of the 
Swedish mineralogist and chemist Christian W. Blomstrand with 
whom he shared an interest in the structure of complex inorganic 
compounds. The two exchanged many letters and in a few of them 
Thomsen turns up. Thus, in a letter of 1886 Blomstrand referred to 
his critical view of some of the ideas of Thomsen, “who cannot stand 
any sort of criticism from older workers like myself.”60 Jørgensen 
responded that Thomsen was “unpredictable and erratic, even if he 
is getting much better now, as the years pass, than he ever was be
fore.” In a letter three years later Jørgensen mentioned that “Thom
sen is director of the Polytechnic College and for many years has 
been impossible to work with.”61
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It was Jørgensen’s task to commemorate Thomsen at a meeting 
in the Royal Danish Academy on 5 March 1909 attended by the 
king, Frederik VIII. Jørgensen dwelled upon his colleague’s excep
tional energy, intelligence and perseverance which had resulted in 
Untersuchungen, a work he called “the pride of any Danish chemist 
and the most important Danish contribution to the development of 
chemistry.” Jørgensen further suggested that Thomsen belonged to 
the same pantheon as Tycho Brahe, Ole Rømer, and H. C. Ørsted. 
But he also added a word of reservation: “Thomsen was not a 
learned man; it was at times striking how ignorant he could be of 
what had been done earlier. On the other hand, he was undoubt
edly one of the most brilliant experimenters ever. And chemistry, 
being an experimental science, is all about experiment.”62 Although 
Thomsen was not a learned man in the traditional sense, he was an 
avid reader of the scientific literature and collector of books. At 
about the time of his retirement he donated part of his private li
brary, some 1,150 volumes, to the library of the University’s Chemi
cal Laboratory.63

master in the art of experimentation. Thomsen met Blomstrand at the 1880 meeting 
of Scandinavian scientists and possibly at other occasions.
62. Jørgensen (1909), p. 30.
63. Jensen (1983), p. 504. Sadly, the valuable collection of books and periodicals, 
including a complete collection of Annales de Chimie, does not exist any longer. The 
books have been dispersed to various libraries or just been thrown away.

Jørgensen’s emphasis of Thomsen’s unbound energy was appro
priate; a main reason for Thomsen’s successful career was simply 
his enormous work capacity. For him, work was the very essence of 
life and not something he had to do in order to earn a living for 
himself and his family. When he retired in early 1902 he just contin
ued working in his laboratory as he had always done. When he re
ceived the Grand Cross of the Dannebrog Order (Storkorset af 
Dannebrog) in 1896 he had to choose a motto for his coat of ar
mour. His choice was “Work Makes Life Valuable.”

There was another side of Thomsen, one far away and well hid
den from the ever-active and fierce laboratory workaholic. He was 
not after all a cold and brusque rationalist whose only concern was 
his scientific career. P. O. Pedersen wrote about Thomsen’s “shell of 
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cool unapproachableness” but believed it was just that, a shell cov
ering “a more gentle and emotional inner.”64 As mentioned in Sec
tion 1.1, as a young man Thomsen was much attached to poetry; he 
was social and extrovert, with many interests besides science, and 
when he got older he maintained an interest in music and art. He 
liked to go to the theatre and used to recreate, and sharpen his 
mind, by solving mathematical problems. This pastime led in one 
case to a paper on one of the classical (and unsolvable) problems of 
mathematics, the trisection of an angle by means only of a compass 
and an unmarked straightedge.65

64. Pedersen (1941).
65. See also Pedersen (1941). The paper, Thomsen (1900), is incorrectly listed in 
Thomsen’s bibliography of his own works as dating from 1890. Thomsen did not 
claim to have solved the problem but just proposed a way in which an angle could be 
trisected by means of a hyperbolic construction.
66. Bjerrum (1909), p. 4977. Some of Thomsen’s sketch books and travel diaries are 
kept at the Royal Library in Copenhagen.

After having settled as a professor Thomsen often went on trav
els either in Denmark or abroad. Remarkably, these travels were 
rarely work-related but vacations to places he wanted to experience 
just because of their scenic beauty or cultural history. He loved the 
mountains and on several occasions travelled to Switzerland, Aus
tria, Norway or the Harz mountains in Germany to enjoy the beau
tiful nature. On these travels he was normally accompanied by a 
few friends or members of his family. But even when on vacation he 
wanted to be in charge and make his preparations with scientific 
precision. According Bjerrum, “He was an excellent tour leader 
which arranged everything and could tell about everything. He 
could cite the heights of the mountains and give lectures on their 
geology and mineralogy. On these travels he always had to be the 
one who made the decisions. ... Thomsen not only kept a diary dur
ing his travels, he also carried with him a sketch book in which he 
drew neat pictures of what caused his excitement.”66

For example, in the summer of 1887 Thomsen went on an exten
sive journey with his daughters Ellen and Johanne. The company 
travelled over Berlin and Dresden to Prague, where they visited the 
city’s impressive castle and the Tyn Church housing the tomb of the 
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famous Tycho Brahe. From Prague they went through Bavaria to 
Salzburg and from there to Switzerland, walking in the scenic 
mountains. The route back to Copenhagen was the direct one over 
Munich and Berlin. Throughout the journey Thomsen made many 
pencil drawings and also a few paintings in watercolour of what he 
saw, that being landscapes, houses, monuments or peasants in their 
traditional clothes (Figures 8.5 and 8.6). Thomsen’s human side is 
further illustrated by episodes in his life such as his concern for the 
young P. O. Pedersen mentioned above. Moreover, for a year or so 
his nephew Thomas Marius Thomsen, an eighteen-year-old son of 
Sigismund Gotthelf Thomsen, lived in his home in Ny Vestergade. 
The young man had just passed his high school exam and under the 
influence of his uncle he enrolled as a chemistry student at the Uni
versity. However, he soon changed to literary and historical studies, 
eventually to become a highly respected archaeologist and ethnog
rapher at the Danish National Museum.67

67. For Thomas M. Thomsen (1870-1941), see Dansk Biografisk Leksikon. In his diary 
from the time he described several times his uncle as ’’patronising.” Royal Library, 
Copenhagen, box NKS 4306-4°.
68. Drechsel (1926). The many personal letters kept at the Royal Library in 
Copenhagen confirm Thomsen’s affection for his family and also the sharp distinction 
he drew between his private and public life.

The human dimension in Thomsen’s life was emphasised in a 
more direct way by his daughter Johanne, who at the age of 59 de
voted a booklet written in verses to her father and mother. There 
she gives a picture of Julius Thomsen as a loving father who cared 
for and used much time on his family.68 She recounts the family’s 
vacations on Langeland, where her mother came from, and how her 
father used to read books for her. He frequently went with his 
daughters to the nearby National Museum. She tells about her par
ents’ devastation when their son died in 1883 and how her father 
immersed himself in work to escape thinking of the tragic loss. Jo
hanne recalls how her father took her and her older sister Ellen with 
him to Switzerland, where they saw the large glaciers, and how they 
payed a visit to Tycho Brahe’s tomb in Prague; and she describes 
her fascination by looking in silence and awe on her father working 
in his magic laboratory filled with strange devices and bottles with
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Figure 8.5. Pencil drawing by Thomsen from 1887, showing the Prague 
Castle. Royal Library, Copenhagen.
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colourful liquids. The Julius Thomsen she speaks about is very dif
ferent from the one known in public or from the chemistry audito
rium. And yet it was the very same person.

8.4. Thomsen’s legacy

We have dealt in some detail with Thomsen’s unique status in Dan
ish science and culture, such as demonstrated by his role in the Uni
versity of Copenhagen, the Polytechnic College, the Royal Danish 
Academy, and the Copenhagen City Council. As briefly mentioned 
in Section 1.1, this status appears in an artistic form from the two 
large paintings made by Peder Severin Krøyer, a celebrated artist 
who in his youth had made scientific illustrations for the zoological 
literature. The two paintings have different histories. One of them, 
depicting a meeting in the Royal Academy and completed in 1897, 
was a gift from the Carlsberg Foundation on the occasion of the 
inauguration of the Academy’s new premises.69 The speaker stand
ing at the blackboard is the zoologist Japetus Steenstrup, who had 
a status within the Academy as high as that of Thomsen (Figure 
8.7). Not only had Steenstrup served as secretary 1866-1878, he was 
also the Academy’s oldest member in terms of age and seniority. 
Moreover, he was close to the Carlsberg Foundation. The other cen
tral figure is Julius Thomsen, sitting watchful and upright at the 
table. He is the president, in full command of the session and placed 
next to (on his right side) the crown prince. The second person to 
the left side of Thomsen is S. M. Jørgensen. Also the chemists O. T. 
Christensen and J. Kjeldahl are present, and so is the fermentation 
physiologist Emil Christian Hansen.

69. See Lomholt (1954) for the history of the painting.
70. A detailed analysis of the painting in its historical and social context is given in 
Nielsen and Wistoft (1996) and (1998). The impressive painting was paid by 
Hagemann and placed in his private home. It was later bought by the Frederiksborg 
National Museum where it still hangs.

Krøyer’s painting of “Men of Industry” dating from 1904 was 
Hagemann’s invention and personal project.70 Wanting to create a 
monument for Danish technology and industry he arranged with
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Figure 8.6. Painting in watercolour by Thomsen, dating from his journey 
to the Alps in 1887. Royal Library, Copenhagen.
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Krøyer how to place the select 53 men of industry representing the 
country’s technological progress (Figure 8.8). The scene of the 
painting is the machine hall of a new electricity plant in Copenhagen 
dominated by powerful steam engines and electric dynamos. It is all 
about power, technological and human, with the relaxed industrial
ists ruling confidently over the machines in the new temple of elec
tricity. In the painting’s central part are placed nine older gentlemen 
listening to chief engineer lb Windfeld-Hansen, a pioneer of Copen
hagen’s electricity supply. One of the gentlemen is Thomsen, lean
ing against a railing, and behind him and half covered by him is S. 
M. Jørgensen. Given Thomsen’s role in the cryolite industry and the 
Polytechnic College, not to mention Hagemann’s admiration for 
him, it is understandable that he figures prominently in the painting. 
It is a little more surprising to find Jørgensen among the men of in
dustry as he was not, in fact, engaged in technological or industrial 
projects. But his position as director of the Carlsberg Foundation 
may have been the reason to include him. Notice that Hagemann 
has modestly placed himself in the upper left corner of the painting.

Few Danes (and even fewer foreigners) will today know who Ju
lius Thomsen was. If they do they may associate the name with a 
street and a square in the Frederiksberg area of Copenhagen, the 
area where the chemist spent the last part of his life. Julius Thomsen 
Street and Julius Thomsen Square were so named in 1925. They 
may also have passed his statue placed in front of the old Polytech
nic College which is currently part of the National History Museum 
of Copenhagen. The statue, revealed on the occasion of Thomsen’s 
80-year’s birthday in 1906 but dating from 1897, was made by he 
celebrated Danish sculptor August Wilhem Saabye. Several of 
Saabye’s statues and busts can be seen in Copenhagen, the most 
popular being the statue of Hans Christian Andersen in the Rosen
borg Castle Gardens. Some of the country’s best known painters 
used Thomsen as a model. Before he entered Krøyer’s paintings he 
was portrayed by Carl Bloch in 1881 and by August Jerndorff in 
1896; the latter painting is presently at the Frederiksborg Castle 
Museum. Jerndorff also portrayed two of Julius Thomsen’s daugh
ters, Anna Sophie Frederikke in 1890 and Johanne in 1894, in both 
cases ordered by their father.
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Figure 8.7. Part of P. S. Krøyer’s painting of a meeting in the Royal Danish 
Academy of Sciences and Letters.

Danish chemists and engineers may have heard of the Julius 
Thomsen Medal awarded for meritorious achievements in chemical 
engineering since 1936, but in most cases they will be unaware of 
the person after whom the medal is named. They will not come 
across the name in their textbooks and courses not even if they 
choose to follow a course in history of science. As seen in retrospect 
Julius Thomsen did not make any discovery of lasting significance 
and his work did not change the course of chemistry. In current 
standard books on the history of chemistry his name may turn up 
but if so only briefly and typical in conjunction with Berthelot as a 
co-founder of classical thermochemistry.71 This branch of chemistry 
came to be regarded as a somewhat dull and peripheral area, but in 
the second half of the nineteenth century it was at the very heart of 
chemical front research. To describe Thomsen’s work as “foreign to 
the central concerns of contemporary chemists,” as one historian 
has done, is quite mistaken.72 Apart from his work in thermochem-

71. Berry (1968), for a time a widely read account of the history of chemistry, dealt in 
some detail with the Thomsen-Berthelot controversy (on pp. 33-35).
72. Servos (1990), p. 19.
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Figure 8.8. Part of P. S. Krøyer’s painting of the leaders of Danish industry 
and technology.

istry, Thomsen’s contributions to the periodic system continue to 
attract some historical attention. His bold interpretation of the sys
tem in terms of atomic constitution turned out to be prophetic (Sec
tion 7.4), but this was realised only later on. Had Thomsen been 
more open to the physicists’ ideas about electrons as the primary 
constituents of matter his contribution might have had a greater 
impact.

Although Thomsen was indeed an experimental chemist who 
enjoyed and immersed himself in meticulous and often tedious 
measurements of thermal effects, this was only part of his work and 
attitude to science. He was not in fact a narrow experimenticist who 
identified science with data obtained from precise laboratory meas
urements. The higher theoretical aims of chemistry were always in 
his mind. As we have seen, on many occasions Thomsen speculated 
quite freely on more fundamental questions such as the composite 
nature of atoms and the existence of new elements. Conservative he
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Figure 8.9. To the left, Thomsen in his laboratory, probably from late 
1890s; to the right, the statue at the Polytechnic College. Image credit: 
DTU History of Technology.

was in many ways and yet he was not afraid of suggesting ideas that 
deviated from the consensus view shared by the majority of chem
ists. For example, his hypothesis of the octahedral structure of ben
zene was unorthodox and rightly described as “a bold push beyond 
the beaten tracks of chemistry” (Section 5.2). No less unorthodox 
was the hypothesis that he entertained at the end of his life, that 
argon might not be elementary but rather of a compound nature. In 
both cases his unorthodoxies beyond the the beaten tracks of chem
istry proved unfounded.

In the half-century from about 1860 to 1910 Thomsen enjoyed a 
very high reputation in Danish science and cultural life generally. In 
1899 he figured on the front page of Illustreret Familie-Journal (Illus
trated Family Journal), a popular and widely read borgeois journal 
founded in 1877 (Figure 8.10). According to the journal Thomsen
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Figure 8.10. Thomsen as a public celebrity.
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was one of Denmark’s greatest sons ever, a man who had “cast his 
lustre over the country and who the entire nation must look up to in 
reverence and gratitude.”73 Although Thomsen had no literary am
bitions he and his work were considered part of the Danish literary 
tradition in a broader sense. For example, he was among the scien
tists included in the massive and widely read Illustreret Dansk Littera
turhistorie (Illustrated Danish History of Literature) written by the 
author H. C. Peter Hansen. The section on Danish chemical litera
ture was due to S. M. Jørgensen, who called attention to Thomsen’s 
recently completed Untersuchungen, a publication which he character
ised as “unequalled in richness and systematic coverage.”74

73. Illustreret Familie-Journal, 5 February 1899.
74. Hansen (1886), vol. 2, p. 759.
75. Engels (1951), pp. 124-141.

As seen from an international perspective, Thomsen was un
doubtedly the best known Danish chemist of his time, and possibly 
the best known scientist generally. His work was widely known and 
cited, not only by chemists but also by eminent physicists such as 
Max Planck and J. J. Thomson. As a somewhat curious illustration, 
in his Dialektik der Natur, a collection of notes written in the period 
1872-1882 but only published in 1927, Karl Marx’s close collabora
tor Friedrich Engels referred several times to Thomsen.75 Much in
terested in science and its historical development, Engels based in 
part his system of dialectical natural philosophy on the two conser
vation laws of matter and energy. When discussing the chemical 
processes in an electric battery he cited Thomsen’s thermochemical 
data. Engels’s sources were not Thomsen’s own publications but a 
textbook in general chemistry written by Alexander Naumann, the 
German chemist with whom Thomsen had been involved in a mi
nor controversy. Few Danish scientists have been included in the 
authoritative Encyclopædia Britannica, but Thomsen belonged to the 
exclusive class. He was described in an article in the famous 1911 
edition as a scientist whose “name is famous for his researches in 
thermochemistry” and also as the inventor of the cryolite soda man- 
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ufacturing process.76 The article even mentioned his two brothers, 
August and Thomas.

76. Encyclopedia Britannica, 1911 edition, p. 817, in which it was wrongly stated that 
Thomsen retired from active work in 1891.
77. Nature 44 (1891): 184. Other distinguished physicists and chemists elected 
honorary members included Gibbs, Helmholtz, Mendeleev, Berthelot, Bunsen, and 
Cannizarro.
78. See Science 22 (1905): 84 for the American distinction which was also conferred to 
Nernst, Arrhenius, and the Dutch physical chemist Hendrik Roozeboom.

Except for the Nobel Prize, Thomsen received almost all hon
ours a scientist of his time could dream of, the most prestigious of 
which was perhaps the 1883 Davy Medal from the Royal Society 
(Section 5.1). Six years earlier he had been elected a foreign honor
ary member of the Chemical Society of London and in 1891 a simi
lar honour was bestowed upon him by the Royal Institution.77 Late 
in life honorary memberships of the American Chemical Society 
(1905) and the German Chemical Society (1907) followed.78 Thom
sen became a corresponding member of the prestigious Prussian 
Academy of Science in 1900, at a time when the only other Danish 
member of the scientific class was the botanist Eugen Warming, 
who was elected the previous year. In 1902 Thomsen was elected a 
foreign member of the Royal Society, a rare honour for a Danish 
scientist and the only time it has fallen on a chemist. Among the 
previous foreign members were H. C. Ørsted (1821) and J. J. Steen- 
strup (1863). Only in 1926 was another Danish scientist elected 
member of the Royal Society. His name was Niels Bohr.

As to foreign academies Thomsen was also a member of the Roy
al Swedish Academy of Science (1880), the Reale Accademia dei 
Lincei in Rome (1883), the American Academy of Arts and Sciences 
in Boston (1884), the Académie Royale des Sciences de Belgique 
(1887), and the Christiania Scientific Academy in Norway (1891). 
In addition he received honorary doctorates from the universities of 
Copenhagen and Uppsala. With regard to the Nobel Prize, by the 
early twentieth century Thomsen’s work in thermochemistry was 
neither novel nor of the importance it had been twenty years earlier. 
Neither he nor Berthelot was ever nominated (but his contempo
rary Mendeleev was, unsuccessfully, nominated nine times between 
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1905 and 1907). As a professor at the University of Copenhagen, 
Thomsen had the right to nominate scientists for the Nobel Prize 
but he did not make use of it.

On the occasion of the twenty-fifth anniversary of the American 
Chemical Society in 1902 several distinguished chemists were invit
ed to New York to celebrate the anniversary, among them Mende
leev, Berthelot, van’t Hoff, Ramsay, James Dewar, and Emil Fischer. 
Thomsen also received an invitation but he, like most of the Euro
pean chemists were unable to come and instead sent telegrams of 
congratulation. “Dear Sir,” Thomsen wrote, “I beg to thank you for 
your invitation to assist at the celebration of the twenty-fifth anni
versary of the foundation of the American Chemical Society, which 
I received to-day, but very much regret to be prevented in accepting 
the same. I, however, beg to present my best compliments and wish
es for the prosperity of your society and remain, dear Sir, yours very 
truly, Julius Thomsen.”79 While Thomsen was thus highly regarded 
in Scandinavia, Germany, England, and the United States, he was 
never honoured with any kind of distinction from France, possibly 
due to the influence of Berthelot. But then Berthelot was never con
sidered for election as a foreign member of the Royal Danish Acad
emy of Sciences.

79. Telegram addressed to Albert C. Hall, secretary of the American Chemical 
Society. Reproduced in Twenty-Fifth Anniversary of the American Chemical Society (Easton, 
PA: Chemical Publ. Comp., 1902), p. 15.
80. Jerslev (1963), pp. 71-72; Nielsen (2000), pp. 285-290.

As Thomsen and his younger colleague Jørgensen had initiated 
a new phase in Danish chemistry in the 1860s, so another change of 
guard, a much needed generational shift, occurred in the first dec
ade of the twentieth century. Thomsen had retired in 1902 and he 
was followed by Jørgensen in 1908; Thomsen’s successor Emil Pe
tersen died in 1907. As a result, a new university professorship in 
chemistry was announced in 1908. The two 29-year-old candidates, 
Niels Bjerrum and Johannes Brønsted, were highly promising 
chemists representing new-style chemistry.80 After a competition in
cluding oral performances, on 17 December 1908 Brønsted was 
chosen as the new professor (Bjerrum was appointed professor at 
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the Agricultural College six years later). Thomsen presumably fol
lowed the development with interest, but he was not involved in it 
and we do not know his opinion of it. Still, one may imagine that he 
was pleased with the appointment of Brønsted, whose research area 
was in a sense a continuation of Thomsen’s.81 Brønsted had just de
fended his doctoral thesis on “Studies in Affinity,” a subject with 
more than a little similarity to the one Thomsen had started his sci
entific career more than fifty years earlier.

81. Jerslev (1963), p. 86 notes the continuity between Thomsen’s thermochemical 
investigations of affinity and Brønsted’s early work.
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Appendix A: Thomsen’s publications

Julius Thomsen was a prolific author and undoubtedly the most 
productive Danish nineteenth-century scientist. Even today few 
chemists can boast of a publication list longer than Thomsen’s. The 
precise number of his publications is a little uncertain but close to 
254 of which the large majority were research papers in either Dan
ish or German scientific journals. There exists two major bibliogra
phies, the one due to Thomsen’s own hand and the other to the 
Danish chemist Stig Veibel, a professor in organic chemistry at the 
Polytechnic College.1 These are valuable but not quite complete.

i. Thomsen (1905a); Veibel (1943).

As shown by the table below, Thomsen’s rather amazing produc
tivity peaked in the 1870s with no less than 132 papers. The publica
tions in the category “other languages” are almost all in German, 
but in one case they refer to a paper in English and in two cases to 
papers written in French but published by the Royal Danish Acad
emy of Sciences. Some of the papers published in the journals of the 
Academy included summaries in French. The table does not include 
reviews, minor notes and the like, but it does include several short 
communications some of which relate to the controversies Thomsen 
was involved in. The distinction between research and non-research 
papers is somewhat fluid; I have counted all publications in recog
nised scientific journals as belonging to the first category. All of 
Thomsen’s non-research publications, including books and sepa
rately published pamphlets were written in Danish. I have not dis
tinguished between books and papers, and have included his opus 
major, Thermochemische Untersuchungen from 1882-1886, as four sepa
rate publications.

It should be pointed out that in many cases Thomsen communi
cated his results both in Danish and German, meaning that some of 
his publications are essentially doublets. He quite often published 
papers in Danish in either Tidsskrift or one of the journals of the 
Academy, and simultaneously or shortly later published a slightly 
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changed version in one of the major German journals. In a few cas
es he even published three versions of what was basically the same 
paper, for example in Tidsskrift, Oversigter and Chemische Berichte.

Table 7. Thomsen’s publications.

Danish Other languages 
(German)

Total Non-research

1850-1854 6 4 10 5
1855-1860 8 1 9 6
1861-1865 14 5 19 2
1866-1870 13 22 35 1
1871-1875 46 22 68 0
1876-1880 18 46 64 2
1881-1885 5 11 16 2
1886-1890 3 8 11 2
1891-1900 5 4 9 3
1901-1905 4 8 12 1
1906-1909 0 1 1 0
Total 122 132 254 24

Thomsen published his many research publications primarily in 
German chemical journals of which Chemische Berichte, the journal of 
the German Chemical Society founded in 1868, was the most popu
lar. The distribution on German journals is as follows: Chemische Be
richte (97), Joumalfur praktische Chemie (29), Annalen der Physik und Chemie 
(23), Zeitschriftfir anorganische Chemie (10), Zeitschriftfürphysikalische Che
mie (7), Chemische Centralblatt (1), and Annalen der Chemie undPharmacie 
(1). His papers published in Danish journals were distributed as 
Tidsskrift for Physik og Chemie (40), Skrifter, Royal Danish Academy (9), 
and Oversigt, Royal Danish Academy (23). Remarkably by modern 
standards, with a single exception Thomsen’s publications were all 
published by him as the only author. The exception was the 1853 
booklet on the causes of the Copenhagen cholera epidemic that he 
wrote with L. A. Colding.

Like Thomsen, his eleven years younger colleague S. M. Jør
gensen was internationally oriented. Although he did not match 
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Thomsen in productivity, he had a solid publication record in Dan
ish and German periodicals. His publication pattern, based on Vei- 
bel’s bibliography, was roughly the same as Thomsen’s. Of Jørgens- 
en’s 92 publications far most were on chemical research and only a 
single of these was written with a co-author (a paper from 1906 writ
ten with S. P. L. Sørensen). As an illustration ofjørgensen’s interna
tional reputation, in 1907 he was nominated for the Nobel Prize by 
two French scientists, the mathematician Gaston Darboux and the 
chemist Henri Moissan, the latter a laureate of 1906. However, he 
did not receive the coveted prize. It took more than ninety years 
until a Dane would be awarded with the chemistry prize, and then 
it would go to a medical doctor and not a chemist (Jens Christian 
Skou, 1997).

Table 8. S. M. Jørgensen’s publications.

Danish Other languages 
(German)

Total Non-research

1860-1864 4 0 4 2
1865-1869 10 2 12 2
1870-1874 5 6 11 1
1875-1879 3 11 14 1
1880-1884 2 7 9 2
1885-1889 2 6 8 2
1890-1894 0 10 10 0
1895-1899 2 8 10 1
1900-1904 3 5 8 1
1905-1909 2 4 6 3
1910-1914 0 0 0 0
Total 33 59 92 15



Appendix B:
Time-line of Thomsen’s life and career

1826
1840-41

Born 16 February in Copenhagen.
Gymnasium student, the von Westen Institute, Copen
hagen. No exam.

1841-43
1843
1846

Assistant to prof. E. Scharling.
Passes entrance exam for the Polytechnic College. 
Graduation as candidate in “applied science,” Poly
technic College.

1847 Attends meeting of Scandinavian scientists, Copenha
gen.

1846-53 Assistant to prof. J. G. Forchhammer, Chemical Labo
ratory, Polytechnic College.

1850
1850-54

Thomsen’s textbook in inorganic chemistry-
Teacher in agricultural chemistry, the Polytechnic Col
lege.

1851 Meeting of Scandinavian scientists, Stockholm. 
Ørsted recommends Thomsen for chair in Christiania.

1852 First essay of thermochemistry to the Royal Academy; 
receives the Academy’s silver medal for it.

1853 Patent on method for producing soda from cryolite.
Work with L. A. Colding on the causes of the Copen
hagen cholera.

1853-54
1856

Study travel abroad, mainly to Germany and France. 
Meeting of Scandinavian Scientists, Christiania; paper 
on the heat equivalent of electromotive force (pub
lished 1858).
Invention of polarisation battery.
Popular book (Excursions into the Landscape ojScience).

1856-59
1857
1859
1859-66

Adjuster of weights and measures, Copenhagen.
Marriage to Elmine Hansen.
Inauguration of the cryolite factory Øresund. 
Physics teacher at the Royal Military High School.
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1860 Member of the Royal Danish Academy of Sciences and 
Letters.

1861 Permanent member of the Royal Danish Agricultural 
Society

1861-94
1862

City Councillor, Copenhagen municipality 
Titular professor.
Visit to Paris to study gas light.

1862-78 Co-founder and co-editor (with A. Thomsen) of 
Tidsskriftfor Fysik og Chemi.

1863 Meeting of Scandinavian Scientists, Stockholm; first 
paper on the mechanical equivalent of light.

1864-65
1865

Chemistry teacher, University of Copenhagen.
Formation of Cryolite Mining and Trading Company 
Ltd (Kryolit, Mine- og Handelsselskabet, KMHS).

1866-1901
1869

Professor of chemistry, University of Copenhagen. 
Offer to become professor in Leipzig.
Confirmation of Guldberg-Waage law of mass action.

1870 Dispute with A. Naumann on the status of Avogadro’s 
law.

1872 Thomsen attacks M. Berthelot’s thermochemistry; be
ginning of Thomsen-Berthelot controversy.

1876 Foreign Honorary Member of the Chemical Society, 
London.

1877 Honorary Doctor (dr.phil.) at Uppsala University, 
Sweden.

1879 Honorary Doctor (dr.med.) at the University of Co
penhagen.

1880 Foreign member of the Royal Swedish Academy of Sci
ence.
Thomsen’s model of the benzene molecule.

1881
1882-86
1882-92
1882-1903
1883

Member of the Physiographic Society, Lund.
Thermochemische Untersuchungen, 4 vols., Leipzig. 
Member of Copenhagen Harbour Council. 
Director of the Polytechnic College. 
Recipient of the Davy medal, Royal Society. 
Member of Reale Accademia dei Lincei, Rome.

369



1884

1886-87
1887

1888-1909
1891
1895

1896
1898

1900

1902

1902

1905
1907
1908
1909

JULIUS THOMSEN. A LIFE IN CHEMISTRY AND BEYOND SCI.DAN.M. 2

Member of the American Academy of Arts and Scienc
es, Boston.
Member of Reale Accademia delle Scienze, Turin. 
Rector of University of Copenhagen (also 1891-92). 
University programme on chemical elements and the 
unity of matter.
Member of Académie Royale des Sciences de Belgique. 
President of the Royal Danish Academy.
Honorary member of the Royal Institution.
New version of the periodic table; precise atomic 
weight determinations.
Prediction of group of inert gases.
Grand Cross of the Dannebrog Order.
Thomsen finds helium in fluorite mineral from Green
land.
Corresponding member of the Prussian Academy of 
Science.
Retires from professorship at Copenhagen University, 
31 January.
Privy Councillor (Gehejmekonferensraad); statue of 
Thomsen.
Foreign member of the Royal Society, London. 
Thermokemiske Resultater, Copenhagen.
Honorary member of the German Chemical Society. 
Work on argon’s chemistry (unpublished).
Death on 13 February.



Appendix C: Family relations

Hans Peter Jürgen Julius Thomsen (1826-1909)

Grandfather. Jürgen Thomsen

Parents: Thomas Thomsen (1787-1862) & Jensine Frederikke
Thomsen (née Lund; 1798-1862)

Siblings: Franziska Helleonora Marie Thomsen (b. 1824) 
Meta Catharine Thomsen (b. 1828)
Caroline Auguste Thomsen (b. 1830)
Sigismund Gotthelf Thomsen (1831-1903)
Carl August Thomsen (1834-1894)
Carl Aage Thomsen (b. 1834) ?
Thomas Gottfried Thomsen (1841-1901)

Wife: Elmine Thomsen (née Hansen; 1832-1890)

Children of Julius and Elmine Thomsen:

Nephew:

Anna Sophie Frederikke Thomsen (1859-1950)
Marie Franziska Thomsen (1862-1939)
Ellen Thomsen (1865-1958)
Johanne Thomsen (1867-1963)
Julius Thomsen (d. 1883)

Thomas Marius Thomsen (1870-1941)
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