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er by answering the questions if Hegel’s 
systematic philosophy provides an un-
derstanding of chemical concepts and 
how chemistry understands chemical 
phenomena. According to Burbidge, He-
gel’s approach in the Science of Logic and 
in the Philosophy of Nature should be 
distinguished. In the Science of Logic, 
philosophy analyses and develops con-
cepts. If a concept proves to be incon-
sistent, thought is compelled to move to 
a more comprehensive concept that re-
solves the contradiction revealed in the 
former one. Thus, thought uses its own 
resources and refers to concrete material 
only as an illustration or example. On 
the other hand, in the Philosophy of Na-
ture, philosophy takes a thoroughgoing 
empirical approach. One gathers every-
thing experience tells us about nature, 
looks at all determinations discovered 
and, by recognizing their relations and 
considering them as a whole, “constructs 
the concept” (Hegel). The categories an-
alyzed in the Science of Logic are condi-
tions of the approach of the Philosophy 
of Nature that proceeds in a radically 
empirical way (p. 208). The latter turns 
out to be systematic, because the specu-
lative concept arises if the empirical data 
are grasped in their synthesis. Ultimate-
ly, the Hegelian ‘spirit’ is the subject that 
combines logic and nature. ‘Spirit’ means 
the achievements of finite subjective 
spirits, as members of the universal intel-
lectual community reflecting the ‘real 
process’ in which logical thought and 
empirical chemistry are united (p. 211). 
In these efforts, Hegel’s philosophy has 
its place. 
 John W. Burbidge has written a re-
markable book, essential reading to eve-
rybody who studies Hegel’s philosophy 
of nature. 
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Svante August Arrhenius and Walther 
Nernst were two of the founders of the 
new physical chemistry. Arrhenius was 
one of the original triumvirate with Wil-
helm Ostwald and Jacobus Henricus 
van’t Hoff, Nernst one of a second gen-
eration of physical chemists, although 
only five years younger than Arrhenius. 
Importantly, Nernst was the first Ger-
man chemist to become a disciple of the 
new physical chemistry. In 1886-7, 
Nernst and Arrhenius became close 
friends as colleagues in Friedrich Kohl-
rausch’s Würzburg physics institute, and 
both spent an additional year together in 
Graz in Ludwig Boltzmann’s institute. 
They later would become estranged, and 
Arrhenius would play a large part in pre-
venting Nernst from receiving the Nobel 
Prize until 1921. These two recent biog-
raphies of Arrhenius and Nernst, relying 
heavily on extensive archival research, 
provide intriguing insights into the dete-
riorating relationship between Nernst 
and Arrhenius, but more significantly, 
the different factors involved in the 
emergence of the ‘new’ physical chemis-
try of the 1880s and 1890s. This bio-
graphical approach provides a convenient 
method for understanding the unique 
confluence of theoretical traditions in 
chemistry and physics – chemical affini-
ty, electrochemistry, thermochemistry, 
conductivity, quantum physics – that oc-
curred during the late nineteenth centu-
ry. Were Nernst and Arrhenius chemists 
or physicists? As it becomes clear on 
reading both volumes, it is difficult to 
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tell where one discipline ends and the 
other begins.  

* * * 

Arrhenius’ life can be conveniently di-
vided into three major portions, corre-
sponding to the three major sections in 
Crawford’s biography: his education and 
work in solution theory (for which he is 
most famous), his study of cosmic phys-
ics, and his work in immunochemistry 
(Arrhenius invented the term). His 
childhood and early education in Uppsa-
la involved training in physics under 
Robert Thalén, chemistry under P.T. 
Cleve and the Dozent Otto Petterson, 
who would later be one of Arrhenius’ 
strongest supporters at the Stockholm 
Högskola. Arrhenius studied physics un-
der Erik Edlund at the Stockholm Hög-
skola, where he attempted to apply the 
concepts of physics to problems in 
chemistry, in particular the conductivity 
of solutions, already an established re-
search area.  
 Arrhenius’ own study of conductivity 
began in the fall of 1882 with an attempt 
to determine molecular weights by 
measuring conductivity. His now famous 
dissertation was written between March 
and June 1883, and divided into an ex-
perimental and theoretical part. The ex-
perimental part treated the conductivity 
of electrolytes at dilute solution to test 
Friedrich Kohlrausch’s hypothesis that 
molecular conductivities become con-
stant at high dilution. In the theoretical 
part, Arrhenius explained the results of 
the first, by introducing the concept of 
active (conducting) and inactive (non-
conducting) molecules, and the activity 
coefficient, which elaborated on the Clau-
sius-Williamson hypothesis that assumed 
the molecules were dissociated before the 
current was applied, and that all ions had 
the same amount of electricity. He ap-
plied Berthollet’s law of mass action us-
ing Guldberg and Waage’s notion of ‘ac-
tive mass’ as dependent on concentra-
tion. Arrhenius also derived this mass 
law from another direction, as an equilib-
rium between active and inactive mole-
cules, measured by conductivity – the ac-

tivity coefficient was related directly to 
the ‘active mass’ in solution. Arrhenius’ 
famous four-hour defense of his thesis 
has become the stuff of legend, and 
Crawford provides an excellent analysis 
of the reasons for why Arrhenius’ de-
fense was only partially successful (he 
passed, but without the grade necessary 
for permission to teach), in particular the 
roles played by various faculties at the 
University, and the form as well as the 
content of the dissertation. 
 Crawford argues that physics, not 
chemistry, was uppermost in Arrhenius’ 
mind during his dissertation work. His 
ideas concentrated on the physics of cor-
puscles, and the physical processes of 
constants, laws, and effects, not on 
chemical transformations. When he es-
tablished that the ions were charged, but 
did not explain anything about the na-
ture of the ions themselves, Arrhenius 
answered questions from physics, not 
chemistry. Chemists focussed on the na-
ture of electrolytes, and the prevailing 
solution theory in chemistry, advocated 
by Armstrong, Mendeleev, and Raoult, 
supposed chemical reactions, the for-
mation of hydrates, between solute and 
solvent. This theory influenced Arrheni-
us, but he would eventually replace it 
with a more physical theory. 
 During the 1890s, Arrhenius moved 
into the area of cosmic physics, or geo-
physics, which had originally been insti-
tutionalized in Austria before it took 
root and flourished in Sweden in the 
1890s (primarily at the Swedish Physical 
Society). While in Graz, Arrhenius had 
already become interested in atmospheric 
chemistry, looking at the influence of ul-
traviolet light in conductivity of air, but 
during the 1890s, he took up the prob-
lem of the influence of carbon dioxide on 
the earth’s climate, building on Arvid 
Högbom’s extensive study of the carbon 
dioxide cycles in the atmosphere. In 
1896, Arrhenius would link the levels of 
carbon dioxide specifically to climate. 
Developing his model required the com-
plex calculation of the influence of CO2 
levels at various latitudes on the earth, 
determining the various heat absorption 
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coefficients of CO2, the processes that 
contribute to the equilibrium between 
the earth’s surface temperature and that 
of the atmosphere, and average local hu-
midities. The result was a detailed chart 
of the expected change in temperature 
with CO2 content, according to latitude, 
that clearly showed a rise in temperature 
with increasing CO2 content. Arrhenius 
would later attempt to summarize the 
field of cosmic physics by writing the 
thousand page Lehrbuch der kosmischen 
Physik (1903), and a shorter best-selling 
version for a popular audience, Världarna 
utveckling (Worlds in the Making, 1906). 
 At the end of the 1890s, Arrhenius’ in-
terest in immunochemistry was piqued 
by the arrival of the Dane Thorvald Mad-
sen, a specialist in bacteriology and se-
rology, at his laboratory. Madsen had 
been involved in the current debate in 
immunology between the cellular (or bi-
ological) and humoral (or chemical) the-
ories of immune response, and had fa-
vored the cellular theory. Arguing 
against Paul Ehrlich’s theory of immune 
response, Arrhenius and Madsen at-
tempted to show that the toxin-antitoxin 
reaction followed the physico-chemical 
laws of equilibrium and mass action, and, 
with less success, that the neutralization 
of toxins with antitoxins followed a 
curve resembling the neutralization of a 
weak acid by a weak base.  
 Armed with these results, Arrhenius 
became convinced of the physico-
chemical nature of the immunological re-
sponse, and set the stage for the conflict 
with Paul Ehrlich. Crawford provides an 
excellent summary of sources of the con-
flict between Ehrlich and Arrhenius. 
Ehrlich saw the practical uses of serum 
therapy, whereas Arrhenius was interest-
ed in the purely intellectual scientific 
questions of immune response. Ehrlich’s 
approach was based on the principles of 
organic chemistry and especially physi-
ology, where systems and functions of 
individual cells are given primary im-
portance. Arrhenius emphasized the 
simplicity of solutions (a carryover from 
his view of simple ions in solution) and 
kinetics, with a minimum of hypotheses. 

As a result, Ehrlich considered interac-
tion between cell and pathogen irreversi-
ble, involving new, undissociable chemi-
cal bonds. Arrhenius, on the other hand, 
considered the process to be equilibrium-
governed. 
 As rich as it is in the details of Arrhe-
nius’ scientific work, Crawford’s biog-
raphy is also important for our under-
standing of the institutional history of 
Swedish science. Among other topics, 
she treats the tension between the Hög-
skola and the University of Uppsala, the 
role of science in the growing Swedish 
nationalism, and the formation and ad-
ministration of the Nobel Prizes, in 
which Arrhenius became extensively in-
volved.  

* * * 

In her biography of Nernst, Barkan re-
casts his career in order to integrate what 
previously appeared to be separate unre-
lated strands of his scientific interests, 
and thereby present an alternative view 
of the formation of Nernst’s most fa-
mous contribution to physics and chem-
istry: the heat theorem. One of her main 
theses is to portray the emergence of the 
heat theorem from within a constellation 
of issues in both physics and chemistry –
solution theory, quantum theory, and 
the relationship between specific heats 
and extreme temperatures. In doing so, 
she casts doubt on the traditional demar-
cation of scientists into specific disci-
plines. Rather, she portrays Nernst as 
following his own unique path, inde-
pendent of disciplinary boundaries, and 
her version of Nernst’s research path is 
continuous, from his research in Wil-
helm Ostwald’s laboratory to the organi-
zation of the first Solvay Congress of 
physics in 1911. 
 Barkan divides her treatment of 
Nernst into three parts. In the first part, 
she discusses his education and training 
at Würzburg (under Friedrich Kohl-
rausch) and Graz (under Ludwig Boltz-
mann) during the 1880s, where he be-
came involved in the traditional prob-
lems in physics and electrochemistry. In 
1887, he moved to Leipzig, where he be-
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came acquainted with the methods and 
techniques of the new physical chemistry 
under Wilhelm Ostwald, where he fo-
cussed on understanding, in a physical 
sense, the nature and causes of electro-
motive force in galvanic cells. Called to 
Göttingen as an assistant by Eduard 
Riecke, Nernst continued independent 
research on the theory of solutions and 
kinetics of electrolytic processes, in 
which he tied his interpretation closely 
to thermodynamic principles. 
 The second part of Barkan’s biography 
focuses on Nernst’s invention of the 
electrolytic lamp, placing it in the con-
text of the emerging technology of, and 
market for, electrical lighting in Wil-
helmine Germany. Barkan addresses the 
set of technical and theoretical questions 
Nernst’s invention raised in order to 
show how it led to the formulation of 
the heat theorem in 1907. The theoretical 
problem of light emission from a high 
temperature filament, and the problem of 
producing a constant illumination re-
quired Nernst to thoroughly understand 
the behavior of materials and the varia-
tion of physical constants such as specif-
ic heats and molecular weights at high 
temperature. Upon his move to Berlin in 
1905, Nernst shifted to the measurement 
of specific heats at low temperatures, 
when he realized that a consequence of 
the difference between the heat and work 
of a chemical reaction should asymptoti-
cally reach zero at low temperatures. 
This built on the previous conceptions of 
thermochemistry by Berthelot, Julius 
Thomsen, and van’t Hoff, in which it be-
came clear that the heat of a reaction and 
the work generated by the reaction were 
not the same thing. Nernst then devel-
oped new technology with the sensitivity 
required for measuring specific heats of 
materials at supercooled temperatures. 
The heat theorem was, Barkan argues, 
the natural outcome of Nernst’s interests 
that combined electrolytic theory, ther-
mochemistry, and thermodynamics.  
 In the third part, of less interest to the 
philosophy of chemistry, Barkan analyz-
es the incorporation of the heat theorem 
within the chemical and physical com-

munities, culminating in the Nobel Prize 
of 1921. The last chapter reveals larger 
historical claims indicated in the title of 
the book, and Barkan argues that the 
roots of modern physical science lay as 
much in chemistry as in physics, and the 
role of chemistry has been overshadowed 
by the physicists’ version of the devel-
opment of modern physical science.  
 Overall, Barkan provides an excellent 
overview of Nernst’s training in physics, 
and of Ostwald’s view of the place of 
physical chemistry at the time of his 
move to Leipzig. Barkan’s argument that 
Nernst’s work should be seen as a com-
prehensive whole rather than a series of 
fragmented projects, is well thought out 
and largely convincing, although it is dif-
ficult to follow in places for those unfa-
miliar with previous interpretations of 
Nernst’s work. The principal weakness 
in her continuity argument is the lack of 
a clear connection between the invention 
of the electrolytic lamp and Nernst’s ear-
lier work in solution theory. A slightly 
more detailed discussion of how the 
lamp worked and how it related to his in-
itial study of conductivity, would have 
helped enormously.  

* * * 

Although Barkan and Crawford do not 
directly attack philosophical issues, both 
of their books contain grist for the mill 
of philosophy of chemistry. Most obvi-
ous is the constantly shifting border be-
tween physics and chemistry and the 
identifying characteristics of both sci-
ences. Both Arrhenius and Nernst were 
trained as physicists, yet ultimately both 
received Nobel Prizes in chemistry. How 
are we to identify their work as uniquely 
chemical or physical? In this sense, Bar-
kan is correct – it is difficult to demar-
cate ‘chemistry’ from ‘physics’ in the 
domain of physical chemistry, and as the 
twentieth century progressed, the re-
maining disciplinary boundaries became 
less distinct. But moving from chemistry 
to biology, there seem to be greater dif-
ferences between explanations deriving 
from different disciplines. As Crawford 
makes clear, the dispute between Arrhe-
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nius and Ehrlich over immunochemistry 
is particularly relevant for understanding 
how methodology and theory are shaped 
by disciplinary constraints. The case 
studies in these two useful biographies 
then can help philosophers of chemistry 
identify what makes an explanation 
‘chemical’, ‘physical’, or ‘biological’, or 
even if such a demarcation is possible. 
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Especially concerning extraordinary per-
sonalities, history is often presented as a 
one-sided view. The history of science is 
not an exception to this condition. 
Throughout the course of time, in schol-
arly works and ever more in textbooks, 
such a personality turns into a stony 
monument standing high on the pedestal 
of his or her crucial discovery. The au-
thentic person disappears in the shadow 
thrown by the fossilized hero. As the au-
thor of the reviewed book puts it in the 
Introduction, the figure is well-known, 
but the true subject remains hidden. In 
this respect, it is particularly interesting 
to analyze the approach to the history of 
alchemy and chemistry, because it was 
the latter that finally won the battle. The 
notorious fact is that history was always 
written by the winners. From this point 
of view, it was often felt as something 
inconvenient to recognize that some 
great scientists, ever exact scientists, de-
voted a lot of time to such an activity as 
alchemy, which was looked upon with 
suspicion especially since the European 
Enlightenment. This attitude prevailed 
even in the relatively recent past when 
hardly anybody dared to touch monu-
ments erected one or two centuries ago. 
This was the fate of Isaac Newton whose 
physical laws became the cornerstones of 
science, but whose alchemical activity 
remained hidden to broader public (and 
still does not appear in most textbooks). 
Newton is portrayed as an immortal he-
ro, but not as a living man. Thanks to the 
immense work of a few scholars (B. Jo 
Dobbs, K. Figala) this famous physicist 
gradually emerges as a man whose inter-
ests were far broader, and as an alchemist 
who spent a significant part of his life in 
a vain search for ways of transmutation. 
A similar attempt, but from the other 


