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[t is a great pleasure to be here today, and I sincerely thank Gerard Meijer for
inviting me to contribute to this occasion by discussing some aspects of Bretislav’s
contributions to the history of science. As many of you know, Bretislav’s scientific
publications are complemented by researches and writing in the history of science,
especially focusing on the history of physical chemistry, theoretical chemistry, and
atomic and molecular physics. His historical work is partly a reconstruction of
experiments and theories—how science works in an everyday way—but his
contributions are considerably more, as well: studies of individual scientists, their
institutional and cultural environments, and the intersections of scientific life with
politics, war, and ethics. Altogether, approximately 15% of Bretislav’s publications
since 1979 have been articles, books reviews, and book volumes focused on the
history of science, beginning with an article co-authored with Dudley Herschbach in
1996. I want to begin my remarks by asking: How did this historical commitment
come about and gradually evolve?

In an autobiographical essay, Bretislav recalls that he and Gymnasium
friends in Prague routinely engaged in boisterous conversations about literature,
art, and philosophy when they began Neruda High School in the politically difficult
period following August 1968. In deciding on a field of study at Charles University in

1972, Bretislav writes that he decided to partly repress his humanistic instincts for



the politically less sensitive study of physical chemistry.! While at Harvard from
1987 until 2003, conversations with Dudley, in particular their mutual puzzlement
over the way the textbook history usually is told about the Stern-Gerlach molecular
beam experiment, led Bretislav to visit the Harvard Physics Library’s depository
room, lined with old journals and books. In a certain sense, Bretislav never escaped
that room, and he gradually began an intermittent historical career that has become
more intense in the last ten years. While at Harvard, he also integrated his historical
interests into teaching, for example in a Freshman Seminar at Harvard, after
Bretislav became a Lecturer in 1997. He designed his Freshman course as a hybrid
of physics and history of physics, reconstructing the story of light from Empedocles
to teleportation of quantum photons. 2

As in his scientific research, much of Bretislav’s historical work is highly
collaborative, along with single-authored studies, essays, and book reviews. The
individual historical figures most often in his focus have been Otto Stern, Fritz
Haber, Otto Sackur, Michael Polanyi, and Clara Immerwahr. In addition to masterly
biographical accounts, Bretislav has written about the history of physical chemistry
in Germany, in particular in Berlin and Leipzig, and he has illuminated what has
happened in other settings, for example in Prague, Breslau (Wroclaw), and
Frankfurt. He was co-author and spokesperson for the Centennial project that
resulted in an authoritative volume on the history of the Fritz Haber Institute from
its founding in 1911 to 2011, co-authored with Jeremiah James, Thomas
Steinhauser, and Dieter Hoffmann, and published right on time, in 2011.3 Since

then, Bretislav has co-organized symposia on Michael Polanyi and on Fritz Haber,



each resulting in published papers by Bretislav and others.* The darker side of
Haber’s legacy is the starting point of a symposium and published volume on One
Hundred Years of Chemical Warfare, co-edited by Bretislav with four other MPG
researchers, which appeared in 2017.>

In what follows, I would like to focus on some of the leading themes in
Bretislav’s historical work, beginning with the studies of Otto Stern. Bretislav’s and
Dudley’s own research with molecular beams led them to puzzle over the paradox
that the famous molecular beam experiments by Otto Stern and Walther Gerlach in
1922 are commonly said to have demonstrated space quantization due to electron
spin, but electron spin was not discovered until 1925.6 Stern had studied and
worked in Breslau with Otto Sackur, and in Prague and Zurich with Albert Einstein,
before moving to Frankfurt in 1914 where he later worked in Max Born'’s research
group. There, Stern proposed an experimental test of quantum theory that did not
involve spectroscopy but rather a beam of neutral (silver) atoms intersected by a
magnetic field. Stern predicted that the beam would split into two distinct
components in the magnetic field, rather than simply broaden, if the electron orbit
possesses discrete values of angular momentum as a vector perpendicular to the
electron’s orbit. The limitations of orientation were called directional or spatial or
space quantization, as discussed by Wolfgang Pauli in 1920.7

Stern and the experimental physicist Walther Gerlach succeeded in detecting
the beam splitting, much to the surprise of Born, who had been skeptical that spatial
quantization was anything other than a symbolic expression. Peter Debye likewise

viewed spatial orientation as a calculation device rather than a physical reality.



Similarly, write Bretislav and Dudley, Einstein and Paul Ehrenfest struggled to
understand how atomic magnets could assume definite orientations in the field.?8
Spatial quantization turned out to be due to the electron’s spin and a spin quantum
number, discovered in 1925. Bretislav and Dudley found that spin was first said to
account for the Stern-Gerlach results in a paper published in 1927.

Altogether, Bretislav has written four papers on Stern and the Stern-Gerlach
puzzle, including three with Dudley and a more recent paper that included among
its four co-authors Stern’s biographer Horst Schmidt-Bocking. Important themes in
these papers are the roles in everyday science of chance, coincidence, and
unanticipated results, along with the persistence of established theories. As re-
enacted experimentally by Dudley and Bretislav in 2003, Stern and Gerlach initially
saw no trace of beam splitting on a glass detection plate, until Stern leaned over the
apparatus while smoking his usual cheap cigar, and the smoke turned the silver
atoms into silver sulfide, which is jet black.? Thus, the role of chance. Secondly,
although it turned out that Stern’s theoretical assumption about the numerical value
of orbital angular momentum was wrong, just as the planetary model for the atom
was wrong, there was a lucky cancellation of errors due to a relativistic effect not
recognized until 1926.19 Thus, the role of coincidence. Thirdly, as he later said in an
interview of 1961, Stern did not expect the molecular beam to split. In fact, he set
out to demonstrate that the whole concept of quantum spatialization was flawed.11
His unexpected result turned out to be decisive in support of quantum theory. Thus,
an unanticipated result.

Stern is by no means the only scientist who has initially resisted radically



new theories in favor of trying to preserve the classical framework. Another
example of conservatism is the physical chemist Otto Sackur, as narrated in two
quite original articles by Bretislav, co-authored with Massimiliano Badino. Sackur
died prematurely at the age of 34 in an explosion in Fritz Haber’s wartime institute
in December 1914. Before coming to Berlin, Sackur studied energy, entropy and
equilibrium in gas systems at the University of Breslau, where he developed in 1911
the first quantum-statistical expression for entropy of an ideal gas (in the limit of
high temperatures and low densities). In studying the thermal behavior of systems
at low temperatures, with attention to Nernst's third law, Sackur ended up doubting
the quantum hypothesis as a physical assumption, and instead preferred to use the
quantum hypothesis as an extension of statistical mechanics that could be used to
sharpen the concept of probability.1?2 Bretislav and Massimiliano show how Sackur’s
example demonstrates the complicated landscape of quantum physics in the 1910s.
While formal tools and mathematical tools might be shared, the quantum hypothesis
did not have a commonly held meaning.!3

It may be that Otto Stern imbibed some of Otto Sackur’s critical misgivings
about quantum applications, since Stern completed his dissertation with Sackur in
Breslau in 1912. Another graduate from Breslau was Clara Immerwahr, who became
the first woman to receive a doctoral degree at the University, working with the
physical chemist Richard Abegg who later was Sackur’s mentor. It was Immerwahr,
who married Fritz Haber, who recommended Sackur to a position at Haber’s
Institute. The way in which such personal and professional networks emerge and

influence scientific development is a frequent theme in Bretislav’s historical work.



Immerwahr’s scientific research in solution chemistry and electro-affinity
consisted of her dissertation and three research papers. Her science was cut short
by her marriage to Fritz Haber in 1901 and the birth of her son Hermann in 1902.
Some historians and popularizers have portrayed her as a woman, who similarly to
accounts in the early 1990s of Mileva Maric¢ Einstein, was thwarted in a scientific
career by the self-interest and ambitions of her husband.* Immerwahr’s life is
much more dramatic, however, because of its end. She killed herself with her
husband’s revolver at the end of the first day of May 1915 shortly after the first use
of chlorine at Ypres. There is a puzzle, then, about Immerwahr. Why did she commit
suicide?

Bretislav and Dieter Hoffmann have closely interrogated this puzzle, and they
conclude that a too-simplistic myth has been created about Clara Immerwahr as a
pacifist protesting against chemical weapons in which her husband was playing a
major role.’> In a 1993 biography of Inmerwahr, Gerit von Leitner largely made
this argument, which has been repeated in subsequent publications and radio and
film dramas, most recently in a 2014 movie on German television.1® In her 1998
biography of Haber, Margit Szoll6si-Janze critically evaluated the sources for
Leitner’s argument and found it inadequately documented by historical evidence.l”
Bretislav and Dieter have updated Szoll6si-Janze’s evaluation in light of more recent
biographies of Haber, as well as documents in the MPG Archives, correspondence
first published in 2015 between Immerwahr and Setsuro Tamaru, and letters
written in 1915 by Immerwahr’s friends Edith Hahn and Lise Meitner. The result is

a complex portrait of Immerwahr’s professed dissatisfaction with her role as a



professor’s wife and her husband’s obsession with his work, their lack of affection,
her responsibilities in running a kindergarten for children whose fathers were at the
war front, her despondency at the deaths of her mentor Richard Abegg and friend
Otto Sackur, and the apparent discovery, on the night of her suicide, of her
husband’s affair with Charlotte Nathan. In short, in Dieter and Bretislav’s words, the
reasons for Immerwahr’s suicide were perhaps catastrophically over-determined. 18

And what about Haber himself? Bretislav has been writing about Fritz Haber
since 2005, beginning with an essay review of the English translation of Dietrich
Stoltzenberg’s biography of Haber.1® Since then, Bretislav has written about Haber’s
scientific investigations, his years of leadership at the Institute, and his research and
implementation for gas warfare. These accounts have appeared in articles in
Bunsen-Magazin, Physik in unserer Zeit, and on the history website of the Fritz
Haber Institute, as well as in the co-authored Centennial history of the Fritz Haber
Institute and in essays written with Dieter Hoffmann and Jeremiah James.20

What emerges in these portraits of Fritz Haber are valuable narratives and
perceptive insights into the personality, motivations, achievements, and flaws of a
towering figure in early twentieth century science. As Bretislav describes, on the
one hand, Haber played a crucial role in creating an ideal institution for fundamental
scientific research, what Michael Polanyi called a “city” or “republic” of science,” but
Haber also masterminded a newer and vaster scale of collusion between science,
government, the military, business, and industry in what Haber’s godson Fritz Stern
called the “military-industrial-academic complex.”21

What we learn, or relearn, about Haber is how he came to develop, with



Robert Le Rossignol, the process for the formation of ammonia from the direct
reaction of nitrogen and hydrogen gases under high pressure with an osmium
catalyst.?2 Subsequent industrial synthesis of ammonia for the production of
fertilizers and expansion of agriculture provided Germans with food during the First
World War, despite embargos, and it played a role in Haber’s receiving the
Chemistry Nobel Prize of 1918 for chemical innovation and for benefits to mankind.

What was not mentioned at the Nobel ceremony held in 1920 was the role
played by the industrial Haber-Bosch process in providing explosives for traditional
munitions during the war or Haber’s role in introducing large-scale gas warfare. As
Bretislav writes, the use of chlorine clouds at Ypres was Haber’s idea: “backed by the
profiteering chemical industry, [he] was able to persuade his country’s military
leadership to stage a battlefield test of a chemical weapon,” and, writes Bretislav,
“The lethality of the chlorine attack at Ypres lured the German military into
adopting chemical warfare.”23

By 1916 Haber had transformed the Institute into a research and
manufacturing center for offensive and defensive chemical weapons, eventually
with nine departments employing approximately 150 scientists and engineers and
1300 support staff, the latter mainly women. Bretislav writes that the Institute
became a prototypical example of Big Science and, quoting Fritz Stern, a kind of
forerunner of the Manhattan Project.?* Particularly troubling for Haber’s legacy, too,
is his decision after the War to direct a program of chemical weapons research with
secret facilities, working through Dietrich Stolzenberg’s father Hugo as proxy.

Haber did not live to see the use of one of the chemicals, Zyklon B, in extermination



camps under the Nazis.2>

In contrast to the moral questions associated with Haber’s wartime conduct,
which Haber himself later described as making him “one of the mightiest men in
Germany,” Bretislav and his co-authors in the Centennial history characterize the
later years of the 1920s and the early 1930s as “the golden years” for Haber and his
Institute. 26 Haber’s own scientific research picked up again, as shown in a graph
constructed by Bretislav.?’” Furthermore, Haber “helped pave the way for the
transition from classical physical chemistry to chemical physics” in a targeted
research program for electrochemistry, colloid chemistry, reaction kinetics, and
aspects of quantum physics, including atomic structure.?8 The framework for the
Institute, as set up under Haber, was eventually resurrected after the Second World
War. In the golden era, that structure included four major departments of some 50
researchers, each department including small “research groups” and attracting
foreigners, women, and scientists of Jewish ancestry, a recruitment made possible
by the Institute’s partly “third-party” private mode of funding, in contrast to
universities.?°

What made Haber a successful leader and director? In a formal interview of
Dudley Herschbach in 2012, Bretislav remarked that one of the defining features of
the Kaiser Wilhelm and Max Planck Society “is to fund people and not projects.”30
This framework took its origins in the first Kaiser Wilhelm Institutes, with Haber,
according to Bretislav, “hiring a great number of young first-class researchers and
giving free rein to their pursuits.”3! One of those young researchers, initially hired

in 1920, was Michael Polanyi whose research group in physical chemistry became
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internationally known. Bretislav characterizes the year 1931 as the “annus
mirabilis” of theoretical chemistry when Fritz London, Henry Eyring and Michael
Polanyi, with input from Eugene Wigner, re-interpreted the conditions for the
making and breaking of chemical bonds in their semi-empirical theory of the
potential energy summit and the transition state.3?

Bretislav and his Centennial history coauthors narrate and analyze the much
longer history of the Institute after 1933, showing continuity in the Institute’s
emphasis on fundamental research problems after the Nazi years when Peter Adolf
Thiessen had led the Institute in goal-oriented war-relevant research with an
ethnically and ideologically purged staff. After 1951, under the directorship of Max
von Laue, and then under Laue’s successor Rudolf Brill, research programs extended
to electron microscopy and electron diffraction. Brill and then Heinz Gerischer
renewed emphasis on surface science and catalysis, harking back to the interests of
Haber and Polanyi. Recent research with molecular beams in electric and magnetic
fields likewise harkens back to proposals by Polanyi, Hartmut Kallmann and Fritz
Reiche.

The Centennial history includes the reorganization under Gerischer of the
Institute’s leadership into one of collective administration. 33 It also offers detailed
accounts not only of Haber, but of the work and roles at the Institute of Herbert
Freundlich, Polanyi, Thiessen, Von Laue, Brill, Ernst Ruska, and Gerhard Ertl, as well
as dozens of vignettes of other researchers.

What do we learn from these histories? What is the value of the history of

science, other than a record of events and personalities? In their 1998 article on
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Otto Stern, Bretislav and Dudley begin with a quotation from the physicist and
historian of physics Gerald Holton who writes: “Much of my [own] work has had its
origin in the notion that science should treasure its own history, that historical
scholarship should treasure science, and that the full understanding of each is
deficient without the other.”34 In interviewing Dudley in 2012, Bretislav came back
to the role of history of science in teaching science. Dudley replied that it is
inspirational, it is reassuring about the foibles as well as feats of scientists, and it
often helps a scientist to understand better a method or technique or concept.3>

Bretislav also broached to Dudley a question that had been posed by Helmut
Schwarz: “What would you choose as a scientist: freedom without means, so to
speak, without very much funding; or a lot of funding with strings attached?”3¢ This
question reminds us of the similar question posed by historian of science Loren
Graham in his 1998 book What Have We learned about Science and Technology from
the Russian Experience? 37 Loren found that many Russian scientists and
mathematicians in the Stalinist and later era put their heads down and lost
themselves, as well as they could, in research that was well funded, even if not for
reasons they approved. Loren concluded with the unfashionable argument that
very good fundamental science was in fact accomplished in some fields under
successive Soviet regimes despite frequent purges and limited freedom, and that
science, already firmly established, proved remarkably resilient.

Bretislav similarly has often interrogated the circumstances under which
scientific work has thrived and the ethical dimensions of scientists’ lives and

influence. A recurring theme, which [ mentioned earlier in my talk, is the importance
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of scientific exchange and scientific networks. In his “Autobiography,” published in
the 2013 Festschrift for Bretislav, and in an earlier interview with his mentor
Zdenek Herman, we are told of the crucial role of exchanges during the Communist
era in Czechoslovakia. Bretislav recounts the stream of visitors to the Cermak-
Herman Laboratory in Prague in the 1970s and early 1980s at a time when Czech
scientists’ travel abroad was carefully controlled. Herman, who had spent time as a
postdoc at Yale and at the University of Colorado in the mid-1960s, recalled that
visitors to Prague kept Czech scientists internationally linked in the early 1970s.38
Bretislav recalls his own travels to East Berlin in the 1970s and in 1980, followed by
permission for research at the University of Utah in 1982, then in Go6ttingen,
followed by Harvard in 1987.3° Travel was not as free politically as it had been in
the early twentieth century, but travel and collaboration provided a lifeline for
science and scientists to thrive.

Related to the question of freedom in science, Bretislav also has addressed in
his historical work the moral or ethical dimensions of scientific life. In writing
about Haber in World War One, Bretislav and Jeremiah James reflect that Haber’s
“efforts during WWI illustrate how quickly the fine line between the tolerable and
the unacceptable can be crossed.”# In an obituary of Fritz Stern, the great German
historian who addressed questions of freedom, responsibility, and evil in his work,
Bretislav and Gerhard Ertl quote Stern’s reflection on his godfather Fritz Haber:
“The scientist’s ethical and civic responsibilities must be heeded, honored and
taught—to the benefit of science and mankind and as a tribute to a great man, to

Onkel Fritz.”41
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As Bretislav notes elsewhere, Albert Einstein, a close friend of Haber’s in the
1910s and early 1920s, and an outspoken pacifist and opponent of the war, appears
never to have been recorded criticizing Haber’s war effort. As I found in my own
research on Michael Polanyi, Polanyi, over twenty years Haber’s junior, offered only
unstinting praise for Haber in a speech in 1928, but in the spring of 1933 drafted an
unsent letter asking Haber to use his high position to stand openly in resistance to
Nazi persecution of Jews.#? In an article on Polanyi, Bretislav quotes Polanyi on the
subject of personal freedom and ethical responsibility: “The freedom of a subjective
person to do as he pleases is overruled by the freedom of the responsible person to
do as he must.”#3 Of course, the trick is to understand what is the morally
responsible thing to do.

Bretislav’s historical research often challenges readers on exactly this
question, in all its complexity. His writings excel in explaining science clearly and in
examining institutions, social networks and personalities that have undergirded
major developments in physical chemistry, theoretical chemistry and atomic and
molecular physics. We see the roles of chance, coincidence, and commitment.
Bretislav brings to his historical writing what Polanyi called the personal and tacit
knowledge of an experienced and successful scientist, but also the thoughtfulness,
erudition, and integrity of a historian in search of complex answers to difficult

questions.
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