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THE 1989 DEXTER ADDRESS 

Ways of Writing the History of Science 

D. Stanley Tarbell. Vanderbilt University 

I am grateful to the History of Chemistry Division for this 
award and to the Dexter Chemical Company and Dr. Sidney 
Edelstein for making it possible. I am deeply indebted to my 
wife, Ann, without whose collaboration little of my historical 
writing would have been completed. Some support for our 
work has come from the National Science Foundation, the 
Organic Division of the American Chemical Society, and 
Vanderbilt University. 

The history of science, and of chemistry in particular, has 
developed into a recognized intellectual discipline in the years 
since 1930, when I entered college. There are a number of 
academic centers with sizable programs in the field; every 
established university now tries to have at least one person 
specializing in this area, usually, although not always, attached 
to the history department. The HIST division is showing 
increased vitality, and the accomplishments of Arnold Thack­
ray and his associates in building a vigorous center at Penn for 
the history of chemistry are familiar to you. A notable number 
of able young scholars is appearing in the field. 

One of the leaders in establishing the history of science in 
this country was George Sarton, the founder of I sis and Osiris. 
Unfortunately, I never heard any of his lectures while I was in 
college, but I did discover I sis and the early volumes of his 
Introduction to the History of Science while poking around in 
the Widener reading room as an undergraduate (1). I usually 
read part of I sis and, particularl y , Sarton' s very numerous book 
reviews. This early interest persisted, and I gradually acquired 
nearly all of Sarton's published books. James B. Conant, the 
organic chemist who was president of Harvard from 1933 to 
1953, improved Sarton' s lot at Harvard very materially; Sarton 
had hitherto been only a research associate paid by a grant from 
the Carnegie Institution. Conant gave Sarton a full professor­
ship as well as an honorary degree. Sarton's multivolume 
Introduction, although impressive in its scope and enormous 
learning, reached only into medieval times, and was in fact an 
annotated bibliography. His historical skill is bener shown in 
his important two-volume History of Science, which unfortu­
nately he was able to carry only to the beginning of the 
Christian era (2). 

The founders of the History of Chemistry Division, among 
them E. F. Smith, C. A. Browne and F. J. Moore, were all 
trained as chemists, and their historical studies were an avoca­
tion, although Moore wrote a history of chemistry (3). Smith 
also wrote a number of historical books, but his greatest service 
was undoubtedly in making his valuable collection (the Smith 
Collection) of source materials for the history of chemistry. In 
the terminology of some historians of science, these men were 
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"internalists". Their writings required some knowledge of 
chemistry, were directed primarily to chemists, and showed 
the internal development of the field by surveying the sequence 
of ideas and personalities. 

The "externalist" historians of science usually have some 
knowledge of the subject matter of science but are more 
concerned with placing the science in its social, economic and 
intellectual context. This classification of "internalist" and 
"externalist" historians is not clear cut but represents only the 
extremes of the spectrum. 

Internalist history is useful for students and teachers in the 
field; it is particularly valuable for professional scientists, 
because many of them do not realize that they are working in 
a fundamental discipline with a distinguished intellectual and 
experimental heritage. One of the surprising and gratifying 
results of our book on American organic chemistry was com­
ment from many people saying that it raised their morale and 
that of their junior assistants to feel that they were part of 
something worthwhile and important. 

Internalist history can degenerate into antiquarianism, or 
into the diligent collection of many facts without many organ­
izing ideas. Internalists, like the founders of the History 
Division, have usually been professional chemists who took up 
history as a hobby (frequently a full time one). 

Externalist historians may have training in a variety of 
disciplines, such as history, sociology, philosophy. Their 
writings appeal to other historians and teachers of the history 



of science and, unfortunately, to a lesser degree, usually, to 
practitioners of the science. At its best, externalist history is a 
valuable contribution to intellectual history, with insights and 
connections which internalist history may miss. It may play an 
important role in clarifying and formulating public policy. At 
its worst, it may become an amiable collection of anecdotes 
without much solid intellectual content One of the leading 
historians of science, C. C. Gillispie, has called for writers to 
be better informed about the fundamentals of the science they 
are discussing. 

The leading sociological historian of science is undoubt­
edly R. K. Merton, whose Ph.D. thesis, under Sarton, exam­
ined the relation between Puritanism and the development of 
science in 17th century England (4). Merton has also examined 
the reward system for scientific work; the "Matthew Effect", 
which he proposed, can be summed up concisely, if inele­
gantly, by the sentence "Them as has, gets". 

Some externalist historians deal with the economic basis of 
science and of research support, a topic on which anyone with 
decades of directing research programs has extensive working 
knowledge. 

A particularly important branch of externalist history is the 
study of the relation of the federal government to science. As 
the importance of science and technology grows for the nation, 
this field becomes ever more significant Federal support of 
science is not something new. It goes back at least to the Lewis 
and Clark Expedition of 1804-1806, sponsored by President 
Jefferson for scientific as well as for geopolitical purposes. 
Throughout the 19th century, scientific research by the army, 
navy, the coast survey, the geological surveys and the Smith­
sonian were government projects. A recent brilliant book by 
W. H. Goetzmann of the University of Texas, New Lands, New 
Men, which I commend to all students of 19th century Ameri­
can science, shows that, between 1840 and 1860, Congress 
supported the publication of 75 reports dealing with scientific 
exploration (5). Many of these were multivolume and the 
publications, as well as the expeditions, were expensive. 
Goetzmann estimates that in some of these years the expense 
amounted to one third to one quarter of the federal budget. 
Research on agricultural problems broadly defined was done 
in the land grant colleges, by state experimental stations, and 
by federal agencies. This history has been reviewed to 1940 by 
Hunter Dupree in Science in the Federal Government (6), and 
Don Price has covered the immediate post-war years in Science 
and Government (7). Nathan Reingold, former editor of the 
papers of Joseph Henry, has also made useful contributions (8). 

The role of the federal government in supporting research 
has of course increased very strikingly since World War II. 
The examination of its role has therefore become extremely 
important in recent years. 

Some indispensable books, like Aaron Ihde' s The Develop­
ment of Modern Chemistry, are difficult to classify as internal 
or external history (9). Ihde has had experience in studying and 
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teaching both chemistry and the history of the science, and this 
book is valuable because of his varied experience. 

I would like to mention in more detail two outstanding 
books, one by a non-scientist. the other by a scientist. The first 
is The Discovery of Insulin by Michael Bliss, Professor of 
Canadian History at the University of Toronto (10). This 
fascinating book deals with the most important medical dis­
covery between the advent of antiseptic technique and the 
discovery of the sulfa drugs. Bliss based his book on much 
unpublished material, including laboratory notebooks ofF. G. 
Banting and C. H. Best. He received scientific help from a 
number of people knowledgeable in the life sciences, and his 
book is a gripping account of the frustrations and triumphs of 
scientific research. He has a clear understanding of the 
difficulties of getting reproducible results in isolating and 
testing biologically active materials. He also has a novelist's 
talent for describing the development and interaction of per­
sonalities, with which the insulin discovery was well supplied. 

Suspense is added by the story of the diabetes victims, like 
Elizabeth Hughes, daughter of the future Chief Justice Charles 
Evans Hughes. Will enough insulin concentrate become 
available to save their lives? It did, and Miss Hughes lived, 
married, had three children, and died of a heart attack 60 years 
after her first injection of insulin. 

Bliss gives a full discussion of the award of the Nobel Prize 
to Banting and Macleod, an act which aroused endless contro­
versy becauseC. H. BestandJ. B. Collip, both key workers on 
the problem, could not be honored. This raises the insoluble 
question, inseparable in any award, of who gets honored and 
why. 

The role of the Eli Lilly Co. was indispensable in making 
insulin available in sufficient quantity to meet the demand. G. 
H. A. Clowes of Lilly, noting the first reports of active 
pancreatic extracts, had followed the Toronto work closely. By 
enlisting Lilly resources on the isolation of active extracts and 
eventually of pure insulin, he brought the discovery to clinical 
usefulness. Lilly's control of the field was a major factor in its 
growth into a major pharmaceutical company. 

Presumably Bliss' book is externalist history, but it is 
difficult to see how the story could have been told better or 
more authoritatively by anybody. It is no denigration of his 
book to point out that it deals with events limited in space and 
time, even though the results of the insulin discovery were of 
worldwide significance. 

Ernst Mayr's book, The Growth of Biological Thought, is 
internalist history (11). Mayr, the Alexander Agassiz Profes­
sor of Zoology Emeritus at Harvard, is one of the leading 
evolutionary biologists of his time, a fact of which he makes 
frequent mention. His book is thus based on a detailed 
know ledge of the field and also on extensive reading on the 
history of ideas in biology. He started work on it in 1970 when 
he was 66 and it was published in 1982. His book unfolds 
against a vast background of the history of the earth and of all 
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life, from one-celled structures to man. 
His volume has an introduction of 147 pages dealing with 

the nature of biology and an overview of the changing intellec­
tual milieu of biology from antiquity to the present, a summary 
of the remainder of the book. In the body of the work, he has 
three main divisions. The first deals with diversity of life, a 
history of taxonomy and the changing ideas about species and 
higher taxa. The second division sets forth the history of 
evolutionary ideas, the leading figure being Charles Darwin, 
with subsidiary billing to Alfred Russel Wallace, the codis­
coverer of evolution through natural selection, and to my mind 
a more interesting person than Darwin. The third division, on 
variation and its inheritance, has Gregor Mendel as its hero, 
with a large supporting cast, among whom is the geneticist 
Thomas Hunt Morgan, the fruit fly man of Columbia. 

Obviously, even if! were qualified, it is impossible for me 
to review a very long and closely reasoned book like this, 
written with a clarity of analysis and a vigor which compel 
respect and even awe. I want to mention, instead, some of the 
facets of Mayr's thought and give a little of the flavor of his 
book. Mayr speaks his mind bluntly on many things, believing 
that making categorical statements "leads more quickly to the 
ultimate solution of scientific problems than a cautious fence 
sitting". 

There are two themes, almost leit-motivs, which recur 
constantly in Mayr's discussion. One is the inadequacy of 
physics as a starting point for understanding biology. "Most 
physicists seem to take it for granted that ... once one under­
stands physics, one can understand any other science, includ­
ing biology." Mayr comments on the statement of an eminent 
physicist that the scientific world view is based on the great 
discoveries of the 19th century about electricity, heat and the 
existence of atoms and molecules as follows (p. 33): 

... as if Darwin, Bernard, Mendel, and Freud (not to mention hundreds 
of other biologists) had not made a tremendous contribution to our 
scientific world view, indeed, perhaps a greater one than the physi­

cists. In biology, one rarely deals with classes of identical entities, but 
nearly always studies populations consisting of unique individuals. 
This is true for every level of the hierarchy, from cells to ecosystems 
... While entities in the physical sciences, let us say atoms or elemen­

tary particles, have constant characteristics, biological entities are 

char.acterized by their changeability. 

Mayr repeats this point often. It does not mean that one 
must invoke a vitalistic force to study biological phenomena, 
but that one must use a population point of view because of the 
variance of individuals. Mayr does not rule out the possibility 
that physical and chemical terms may ultimately be sufficient 
to describe organisms, and this seems very likely to me, 
although it may take a very long time. As I have written, 
"structural organic chemistry, with its limited number of basic 
principles, acts as a bridge between quantum mechanics, 
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which explains chemical bonding, and the complexities of 
living systems". 

When a well-known Nobel laureate in biochemistry said, 
"There is only one biology, and it is molecular biology", Mayr 
comments, "He simply revealed his ignorance and lack of 
understanding of biology" (p. 33). 

The second point which Mayr continually combats is the 
notion of "essentialism". By this he means the doctrine, due to 
Plato, that (pp. 38-39): 

... the variable world of phenomena ... was nothing but the reflection 

of a limited number of fixed and unchanging forms, ewe (as Plato 

called them) or essences as they were called by the Thomists in the 
Middle Ages. These essences were what is real and important in the 
world... Constancy and discontinuity are the points of special 
emphasis for the essentialists ... Essentialism, with its emphasis on 

discontinuity, constancy and typical values (typology) dominated the 

thinking of the western world to a degree that is still not yet fully 
appreciated by the historians of ideas. Darwin, one of the first thinkers 

to reject essentialism (at least in part), was not at all understood by the 

contemporary philosophers (all of whom were essentialists), and his 

concept of evolution through natural selection was therefore found 

unacceptable. Genuine change, according to essentialism, is there­

fore possible only by the saltational origin of new essences. Because 
evolution as explained by Darwin is by necessity gradual, it is quite 
incompatible with essentialism. However, the philosophy of essen­

tialism fitted well with the thinking of the physical scientists, whose 

"classes" consist of identical entities, be they sodium atoms, protons, 

or pi-mesons. 

It can be seen that Mayr's rejection of physical science as 
a satisfactory approach to biology and of the essentialist 
philosophy, are very closely related. 

Some other aspects of Mayr's thought include his low 
tolerance for philosophers of science (p. 130-131): 

It is still subject to controversy whether or not philosophy has made 
any contribution to science after 1800. Not surprisingly, philosophers 
generally tend to answer this question in the affirmative, scientists 
often in the negative. There is little doubt, however, that the formu­

lation of Darwin's research program was influenced by philosophy ... 

In recent generations philosophy rather clearly has retreated into 
metascience, that is, an analysis of scientific methodology, semantics, 
linguistics, semiotics, and other subjects at the periphery of science. 

Externalist science can of course be written from a Marxist 
standpoint. Presumably all Soviet historyof science is based 
on the Marxist view, and some western historians have used it 
also. Mayr comments (p. 492): 

The Marxist claims that Darwin and Wallace were extending the 

laissez faire capitalist ethos from society to all nature to make a 
Weltanschauung out of the new captains' of industry's utopia of 



progress through unfettered struggle is not supported by any evidence 
whatsoever ... Darwin did not live in an ivory tower; he must have 
seen what went on in England all around him; he read all the relevant 
literature, and this might have facilitated his acceptance of certain 
ideas. Yet, if the theory of natural selection were the logical and 
necessary consequence of the zeitgeist of the industrial revolution, it 
should have been widely and enthusiastically adopted by Darwin's 
contemporaries. Actually, just the opposite is true; Darwin's theory 
was almost universally rejected, indicating that it did not reflect the 
zeitgeist. 

The recent publication of Darwin's diaries allows the develop­
ment of his thought to be followed in great detail. 

Although Mayr disclaims any intention of writing a bio­
graphical history of biology, his book contains some memo­
rable sketches of his major figures. Among these are Buffon 
(who published a 39-volume work on natural history), euvier, 
Larmarck, Mendel, Darwin, Wallace, and many more, includ­
ing (by implication) himself. After reading 828 pages of text 
and 30 pages of epilogue in his book, one feels well acquainted 
with the personality and modes of thought of Ernst Mayr. 

The epilogue offers some shrewd comments on sciences 
and scientists. Mayr emphasizes the "doubts, hesitations, 
inconsistencies, contradictions, and frequent changes of mind" 
(p. 830) in the emergence of a finished piece of scientific work, 
although in the conventional presentations of results the pro­
cess is made to appear logical and direct. He observes that, 
with the advantage of hindsight, it is frequently hard to under­
stand why it took so long to reach a seemingly obvious 
conclusion or to do an obvious experiment. A pertinent 
example, from the history of chemistry, is the contention of 
Arthur Michael that addition of bromine to a carbon-carbon 
double bond is trans. He produced some plausible but not 
conclusive evidence for trans addition. It was nearly 25 years 
(in 1911) before anyone did the conclusive experiment; one 
which seems obvious now. That year, both Emil Fischer in 
Germany and Alexander McKenzie in Britain showed that the 
dibromo acid from (cis) maleic acid was resolvable; that is, had 
no plane of symmetry and therefore must be the result of trans 
addition. 

To return to Mayr's epilogue, he has equally wise words on 
research strategies; one should separate complex problems 
into components that can be attacked; one should not continue 
to belabor a point which is already generally accepted. New 
ideas or discoveries require clear presentation and should not 
be buried in papers with uninformative titles or which contain 
highly heterogeneous material. The whole epilogue well 
repays reading by a scientist in any field. 

Not content with the volume at hand, Mayr has written a 
second volume, which has not yet appeared, dealing with 
physiology, developmental biology and neurobiology. 

Mayr, by writing major books on the history of biology, 
shows the importance of the history of science in his mind. He 
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expresses this feeling explicitly in numerous places. The first 
two sentences of his preface read, "much of modem biology ... 
cannot be fully understood without a knowledge of the histori­
cal background of the problems. Whenever I made this point 
to my students, they would ask me in what book they should 
read up on these matters." His book is his answer to this query. 

Personally, I feel that some more emphasis on the history 
of chemistry in the beginning course would make the subject 
much more attractive to students. Instead, we frequently offer 
freshmen a dreary melange of topics, without much apparent 
relevance to their daily lives and with little to arouse their 
interest. 

Students and teachers of science frequently have little 
appreciation of the long and varied history of the subject, or of 
careers and personalities of scholars responsible for our pres­
ent knowledge. Students, in particular, are apt to feel that the 
science emerged fully grown in the enormous text books which 
they study. Some sense of the slow development over many 
decades of the ideas and experimental methods of science 
might materially enliven their studies. Furthermore, the fact 
that a science, or any other field of learning, is dynamic, not 
static, and that important new experimental observations or 
theories are constantly altering our views is a stimulating and 
salutary idea that should be emphasized for students. Science 
and chemistry, in particular, desperately need an informed 
public view of the nature of the scientific enterprise; a view 
which the public is not now getting. 

All of the varieties of the history of science I have dis­
cussed, and others as well, have a real contribution to make to 
our understanding of science and its place in our culture. I hope 
that the field will continue to flourish. 
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KASIMIR FAJANS (1887.1975): 
THE MAN AND HIS WORK 

Part ll: America 

Reynold E. Holmen, White Bear Lake, MN 

It was in September of 1936, in the midst of the depression, that 
I fIrst entered graduate school at the University of Michigan, 
though for only a year's stay, prior to landing a much needed 
job. I remember the apparent pride and satisfaction with which 
Dr. E. H. Kraus, then Professor of Mineralogy and Dean of the 
College of Letters, Sciences and Arts, told me of the newly 
arrived Professor Fajans. A study of the chemistry department's 
staff needs, a study in part induced by Chairman Moses 
Gomberg's impending retirement, had resulted in several 
recommendations. Foremost of these was that of securing a 
leading personage, such as Fajans, to bolster the physical 
chemistry staff, which some felt was rather inbred. In our 
analytical chemistry course, Professor Hobart Willard, when 
introducing the topic of adsorption indicators in argentometry, 
also reminded us that the man who had founded the fIeld was 
now a faculty member. Unfortunately, during this first stay at 
Michigan, I met and talked with Fajans only once and for but 
a few minutes about the subjects of photochemistry and argen­
tometry. 

Fajans quickly made his presence felt. He continually 
challenged his students to view critically any explanation of 
chemical phenomena. His 1930 American visit had led him to 
question some teaching practices common in this country. He 
could not understand how a student could graduate from high 
school without having studied physics, a subject he considered 
even more important than chemistry. His firsthand involve­
ment at Michigan with American chemistry textbooks and 
teaching practices disturbed him further, particularly after 
briefly taking over L. L. Brockway's introductory physical 
chemistry class near the end of World War II. (Brockway was 
engaged in defense-related research.) He did not readily adjust 
to this type of classroom task after years of teaching advanced 
students. The latter were less apt to have a problem with his 
accented English and were better prepared to benefit from his 

Kasimir Fajans, circa 1953 

presentation of subject matter; especially when, as in his 
inorganic chemistry course, the content was fixed by himself 
rather than being based on someone else's syllabus, thus 
offering less frequent temptations to digress. In contrast to 
Brockway's carefully organized and logical presentation of 
introductory physical chemistry, Fajans' approach was replete 
with digressions, causing some diffIculties for students acquir­
ing their initial foundation in the subject. In spite of this, at least 
one student, who experienced the lectures of both men, decided 
that the deeper questions and insights were presented by Fajans 
(49). Additionally, his office door was always open to any 
student, freshman or doctoral, having a question or seeking 
information. 

Certain recurrent themes and points of emphasis probably 
would be recognized by many of Fajans' former students as 
characteristic of him. Among these were his stress on the 
importance of the interaction of specific factors in chemical 
behavior, such as thermodynamics and kinetics, and how our 
inadequate knowledge of this interaction operates in countless 
cases to prevent us from making absolute predictions. Typical 
examples included such statements as:. 

Our body is unstable thermodynamically relative to CO2, but it exists 
quite comfortably for 70 or more years ... There is no absolute 
stability. only relative stability .. , London in 1927 stated that no oxide 
of fluorine could exist. The next year one was made ... In chemistry 
you always borrow and give with respect to energy, .. Contrary to 
valence-bond theory, chemistry does not involve a saturation of a 
definite number of forces but rather a screening of charges - more or 
less complete ... Saying that each of two atoms can attain closed 
electron shells by sharing a pair of electrons is equivalent to saying 
that husband and wife. by having a total of two dollars in a joint 
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account and each having six dollars in individual bank accounts, have 
eight dollars apiece! ... Carbon does not have four valence forces 
spatially directed to the comers of a tetrahedron .. , There are no 
electron deficient compounds, only deficient theories. 

Contrary to the situation in Europe (38), relatively little 
attention was paid in American chemical circles to such topics 
as ionic polarization, which had been the focus of much of 
Fajan's work. The role of these properties in determining the 
state, reactivity, solubility, and crystal structures of elements 
and compounds was largely ignored. Instead, "radius ratio" 
rules were popularly invoked to explain some of the same 
phenomena, inspite of what Fajans saw as immediate difficul­
ties in the case of such simple compounds as the cesium and 
thallium halides. Electron pair-octet theory, mesomerism, 
resonance and hybridization were the common language and 
supposedly provided a qualitative unification of all chemistry. 
Textbook authors and investigators, who may have been less 
grounded than Fajans in fundamentals, often appeared carried 
away by a not-too-critical enthusiasm for this vocabulary and 
they often implied a dubiously high degree of quantum mec­
hanical justification for some of their largely qualitative state­
ments. At times warnings against these excesses appeared, 
such as those by Coulson in 1947 (52), Wheland in 1951 (53), 
Linnett in 1957 (54), and by Jaffe in 1966 (55). Indeed, the 
admittedly arbitrary elements of the resonance concept were 
even noted by its author, Pauling (56). However, these 
warnings, some mild, some blunt, were largely ignored by 
many academic arid industrial scientists and even by some of 
their authors. 

Most of the initial researches of Fajans and his students at 
Michigan focused on radiochemistry, the field in which he had 
first made a name for himself almost a quarter century earlier 
(57 -60). These were facilitated by ready access to the cyclotron 
deep underground in the physics building, only a block or so 
distant from the chemistry building, a factor which was impor­
tant in Fajans' decision to move to Michigan. Shortly prior to 
this, Michigan's Physics Department had become a summer 
meeting place for international leaders in theoretical and 
nuclear physics. In addition, both G. E. Uhlenbeck and S. 
Goudsmit, formulators of the electron spin hypothesis, had 
become members of the department. 

Fajans was a natural candidate for inclusion in the Manhat­
tan Project, but the fact that he had immediate relatives in 
Poland ruled this out. In 1940, it also was widely believed that 
he, like Soddy, Born, Haber, and Hahn before him, would 
receive the Nobel Prize. However, the prize was discontinued 
in years between 1940-1942 and, for reasons unknown, he did 
not receive one later (2c). 

The electronic instrumentation introduced into radiochem­
istry laboratories in the 20 years since his previous involve­
ment was not something with which he had kept abreast, and 
his interest in the field soon waned (50). Indeed, the last formal 
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connection for him with the field of radiochemistry was the 
memorial lecture which he delivered at Columbia University 
in 1944, on the occasion of the 10th anni versary of the death of 
Marie Sklowdowska Curie (70). 

Fajans now gave attention to the subjects which had occu­
pied his Munich years. An initial reinvestigation of adsorption 
phenomena by means of colorimetry quickly ended, partly 
because of inadequate instrumentation (50), and he concen­
trated instead on the study of ionic polarization and its role in 
determining the structure and properties of molecules and 
crystals, making use of such diverse properties as optical 
refractivity and related dispersion phenomena, magnetic sus­
ceptibility, solubility, and dielectric polarization (61-64). 

It was about five years after Fajans' arrival at Michigan that 
Theodore Berlin became one of his doctoral students. Berlin 
was interested in theoretical chemistry and physics and his 
collaboration with Fajans led to Fajans' last major contribution 
to physical chemistry, the quanticule theory of chemical bind­
ing and structure (65-69). 

The term quanticule was introduced publicly in papers by 
Fajans and Berlin at the Spring Meeting of the ACS at Detroit 
in 1943 (66). It was suggested to Fajans by Berlin as being 
descriptive of the most characteristic feature of the concept, 
"A group of electrons quantized with respect to one or more 
positive charges or cores." Thus, the sodium cation quanticule 
was represented by the familiar Nal+ as a valid shorthand for 
(Nall +) 1228, as was CP- for the commonly encountered argon­
like anion quanticule (Cl 17+) 122838. The carbon ion quanticule 
could exist in compounds as C4+, as it usually does, or as C4-, 
as in (Be2+)2C4-, depending on its molecular environment. The 
electrons of a binuclear quanticule were identified by Roman 
numerals, I, II, as in N2 = N5+(pII8)NS+ (usually abbreviated to 
N5+e-l~s+), to distinguish them from the familiar Bohr and 
Hund-Mulliken quantum numerals. The purpose of these 
numerals was ..... to symbolize a discreteness in the structure 
of the ... system and to associate with ... [these] quantum 
number[s] average values of electronic energies and internu­
clear distances." Growing out of Fajans' long study of the 
polarization and deformation of ions and a comparison of 
molecules such as Hz and Li,., the theory made use of the 
concepts of continuous versus discontinuous changes in the 
electron distribution during molecule formation, the latter 
leading to a change in the quantization of the electron density 
relative to the positive cores (67). 

Berlin (who later became Professor of Physics at Johns 
Hopkins University and at Rockefeller University) finally 
overcame referees' objections and published a much delayed 
but attention-getting paper entitled, "Binding Regions in Dia­
tomic Molecules" in 1951 (69). This dealt with homo nuclear 
and heteronuclear molecules and emphasized the existence of 
binding and antibinding regions in the space about and be­
tween the nuclei. It was an important extension of his work 
under Fajans. In the process, he also reaffirmed the validity of 
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the Hellmann-Feynman theorem, which previously had been 
attacked by Coulson and others. 

The most accessible account of quanticule theory was 
published in German in 1959 in the journal Chimia (72). This 
was also translated into Spanish in 1963, on the occasion of 
Fajans becoming an honorary mem ber of the Mexican Chemi­
cal Society (73). Unfortunately, the most comprehensive ac­
count is a book in Polish by Fajans, which was published in 
1961 (74). A set of papers, originally presented at the New 
York Academy of Sciences in December of 1963, included 
some comparisons with other theories, as well as application of 
the quanticule approach to some new areas (75). 

Between 1945 and 1950, the alternation of properties 

ity was the key factor and suggested that Fajans be engaged to 
study this problem. In their paper, Fajans and Kreidl reviewed 
the problems inherent in the network theory of Zacharias en and 
stressed the central role of ionic polarizability in developing 
the necessary viscosity characteristics for a glass. Fajans cited 
the examples of glycerol and silica, both glass formers but so 
utterly different in melting point that the "strong forces" called 
for by the network theory could not be the critical factor. This 
fruitful collaboration within the glass industry came to an end 
four years after its inception, for reasons of anti-trust laws. 

In 1950 and 1951, Weyl published articles on the subjects 
of surface chemistry and catalysis, incorporating and expand­
ing on Fajans' concepts (79-81). Weyl, admittedly, at times 

wrote forreaders ("for observed in certain 
homologous series of 
carbon compounds 
was studied by sev­
eral of Fajans' stu­
dents and explained on 
the basis of quantic­
ule theory. The thesis 
of S. Z. Lewin (76) 
included references to 

earlier Fajans students 
who had also worked 
on this subject, as well 
as a good review of 
nearly four decades of 
controversy over the 
existence of alternate 
polarities in carbon 
compounds, from the 
time of H. S. Fry and 
G. LeBas up to 1949. 
That year Fajans pub­
lished an article on the 

Fajans lecturing on quanticule theory. 

executives," Fajans 
once said) less 
schooled in science 
than those to whom 
Fajans directed his 
own writing. Asacon­
sequence, Fajans was 
not totally comfort­
able with some of 
Weyl's extrapola­
tions, but he greatly 
appreciated the inter­
est generated in the 
role of ion polarizabil­
ity. Weyl and E. C. 
Marboe again called 
attention to Fajans' 
concepts in their 
multi-volume treatise 
on the chemistry of 
glasses (82). 

subject summarizing his work in this area (77). Referring to 
this work, he once remarked that, "Ingold thought that he had 
abolished alternate polarity, but we revived it." 

The years 1945-1960 probably comprise the period of 
Fajans' greatest influence in this country, largely as a result of 
his extensive interactions with the industrial chemical commu­
nity. His collaboration from 1944 - 1947 with the Glass 
Science Research Foundation, which represented companies 
in the glass industry, resulted in an article, coauthored with 
Norbert Kreidl, on the theory of glass formation (78). The 
impetus for this study came from a growing dissatisfaction 
with the prevailing Zachariasen network theory on the part of 
several leading workers in the field of glass science. Wolde­
mar Weyl of Penn sylvania State University had noted that the 
role of lead as a glass former was not consistent with require­
ments of the Zachariasen theory. The Pb2+ ion is neither highly 
charged nor small in radius. Weyl suspected that polarizabil-

Fajans and Steph­
en Barber, of Owens-Illinois Glass Co., [or which Fajans 
served as consultant from 1948-1955, undertook an investiga­
tion of boron oxide glasses. Their results were published in 
1952 (83). They again referred to the inadequacy of the net­
work theory in characterizing the states of these glasses at low 
and moderate temperatures. They proposed a weak molecular 
structure, gradually changing to a stronger one at higher tem­
peratures. It was suggested that boron oxide behaved in some 
respects as though it had a structure analogous to that ofP,olo' 
Though J. D. McKenzie and others disabrreed with this contro­
versial interpretation, Fajans and Barber also found support­
ers, including N. N. Sobolev and coworkers in Russia (84). 

C. L. Babcock, Barber and Fajans also collaborated in 
examining the data pertaining to vitreous silica. They again 
discussed inadequacies in the Zachariasen theory and the need 
for taking polarization effects and the possiblility of more than 
one structure into account (85). 
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Other kinds of industrial contacts included two weeks of 
seminars devoted to quanticule theory and its applications, 
given by Fajans at Shell Development Laboratories in 1953 
(86). Following one-day lecture/discussion appearances at the 
3M Company in 1952 and in 1956, he presented one week of 
seminars there in October of 1959, under the auspices of the 
Inorganic Section of the Central Research Laboratories. By 
then, three years had then passed since he began his retirement 
sabbatical at Michigan, where his last doctoral candidate was 
J. H. La Rochelle (51). 

For several years, Eugene Rochow, at Harvard, felt it 
advantageous to acquaint his first-year students with Fajans' 
approach to chemical binding, as a worthwhile alternative to 
the conventional views on bonding. The well-known inorganic 
text by Fritz Ephraim also incorporated some quanticule de­
scriptions in its later editions (71). In 1959 Thomas Gibb, Jf. 
presented Fajans' work to the participants at the Tufts Lecture 
Institute. 

The 1951 article by Berlin aroused particular interest on the 
part of the Canadian theoretician, R. F. W. Bader. A number 
of publications followed, one of which extended Berlin's work 
on binding and antibinding regions to polyatomic species and 
correlated them with the corresponding electron density distri­
butions within the molecules (87-88). 

It was in 1970, just before leaving a career in industrial 
research, that Oliver Johnson, another Fajans' doctoral stu­
dent, authored the first of a series of papers extending Fajans' 
concepts to the theory of binding and structure in metals and 
alloys (89). The resulting "interstitial model" of binding was 
eventually applied to such topics as heterogeneous catalysis, 
semiconductors, and superconductivity (91-93). One paper, 
coauthored with Fajans, used quanticule theory to explain the 
reason for the difference between F2 and other halogen mole­
cules (90). 

We should not forget that Fajans did not regard his quantic­
ule approach as a sophisticated, quantitative theory of binding 
and structure, but he was very firm in his belief that it surpassed 
the then popularly used qualitative concepts of valence bond 
theory and was more consistent with the fundamental facts of 
experiment and basic physical theory (including those of 
quantum mechanics). 

In contrast to the open-minded response to Fajans' views in 
the industrial community, the academic community was largely 
hostile or, at best, indifferent to quanticule theory. As Hurwic 
has noted in a recent review of Fajans' later years (2b): 

The scientific community for the most part. however. regarded this 

theory as a great scientist's lapse, as a useless attempt to tum back the 

course of science. At best the quanticule theory was passed over in 

silence. 

The reasons for this response are complex and involve a 
combination of scientific, sociological and personal factors. 
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Perhaps the major reason for the minimal effect of Fajans' 
views on his American academic audience was the dominance 
of organic and organometallic chemistry in American chemi­
cal circles and the relative neglect of classical solid-state 
inorganic chemistry as it was developed in continental Europe 
after the First World War. This resulted in a feeling that his 
American colleages neither appreciated nor understood much 
of his pioneering work on the subject of ionic polarization. 
Indeed, the degree of confusion existing in the literature over 
the nature and extent of Fajans' contributions is vividly de­
picted through examples discussed in some of his articles (94-
95). It is also strikingly evident in a 1962 compilation of over 
40 papers, by as many different authors, on the subject of 
inorganic chemistry (96). Not one of the hundreds of refer­
ences refers to Fajans' work (106). Even well-intentioned 
writers sometimes managed to misrepresent his contributions 
(97) or tried to draw similarities between his approach and 
some feature of their own, an intended compliment which 
usually upset him, as he saw it not only as a failure by them to 
understand his work but as a mixing of his views with those 
which he considered to be incorrect. 

Yet another factor, on a more personal level, was Fajans' 
admiration for the simplicity of Rutherford's experiments and 
his statement to Pauling in 1926 that he could not take the time 
to study the new theory of quantum mechanics. This failure to 
develop a hands-on, working familiarity with quantum me­
chanics prevented him from readily putting himself "in the 
shoes" of its major proponents among chemists. This may have 
prevented a more constructive interaction on a one-to-one 
basis with those who were struggling toward a similar goal, 
albeit on a different track. Commonalities often were over­
looked or even avoided, differences were emphasized by both 
sides, and Fajans admitted having neither time nor energy to 
follow the "other" literature in later years. 

Undoubtedly, however, Fajans' aggressive approach and 
sometimes bluntly critical remarks to his staff colleagues and 
professional peers, in contrast to his undiminished considera­
tion for the lowliest inquiring student, bred a growing aliena­
tion. This tendency must have been observed even during the 
Karlsruhe days, at which time he acquired from some of his 
contemporaries the designation, "The Greatest" (98). Again, 
at Munich he was approached by representatives of German 
industry to do some research work for them, work not in his 
field of expertise. He later related that this was partly because 
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they told him that at scientific meetings he was "the only one 
who dared to challenge Walther Nernst" and Nernst certainly 
was no shrinking violet. 

A number of nationally and internationally known scien­
tists, at one time or another over the years, felt the force of 
Fajans' sharp tongue and pen. On occasion, he was not averse 
to expressing in public his disagreement with fellow faculty or 
with visiting lecturers, using words such as, "If you say that, 
you cannot know chemistry." In 1948, just as Linus Pauling 
ended the third of three lectures delivered at the University of 
London, Fajans jumped up, pointed his fmger and burst out, "I 
told you 20 years ago that you couldn't say that" (99). In 1951, 
A. D. Walsh delivered some lectures at Ann Arbor. In spite of 
the fact that Walsh went out of his way to acknowledge the 
work of Fajans, including quanticule theory, as anticipative 
and representative of much in molecular orbital theory, Fajans 
became so incensed at Walsh's comingling of the two that he 
loudly criticized the guest (49). Because of a perceptive blind 
spot, something which many of us possess in one form or 
another, it apparently became incomprehensible to him that the 
recipient of his remarks should view the criticism as anything 
but an attempt to be helpful. In a manner similar to the incident 
at Trieste, mentioned earlier, he introduced his paper at the 
1950 Gordon Conference on Metals by confronting his peers 
with the declaration, "There is no such thing as a metallic bond, 
only a metallic state!" 

The extent to which Fajans succeeded in alienating his 
fellow academicians is further illustrated by an incident which 
I witnessed at an A. C.S. Meeting in Chicago in the late 1940' s. 
During my brief hallway conversation with another attendee, 
Wendell Latimer overheard me mention Fajans' name and 
immediately began swearing. 

Fajans' encounters with American journal editors were 
another source of irritation. Sometimes the best efforts of those 
who tried to mediate failed completely. The problems were not 
entirely one-sided. There were some editors, referees and 
reviewers who either did not understand Fajans' concepts or 
were reluctantto let his views rock the boat. Even Berlin's key 
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article in 1951 met with several rejections before fmally 
appearing. A. B. Lamb, the former editor of JACS, once had 
to intervene on behalf of Fajans in one of the publication 
controversies, declaring that Fajans deserved to be heard, 
regardless of whether one agreed or disagreed with his views. 

On the other side of the coin was Fajans' frequently 
unbending attitude about form, length, and content. William 
Kieffer, during his editorship of the Journal of Chemical 
Education, was once interested in publishing a somewhat 
shorter English translation of Fajans' long German article, 
which had appeared in Chimia. This excellent opportunity for 
Fajans to gain a wider exposure for his views was lost when he 
adamantly refused any abbreviation. 

Fajans' involvement in reviewing newly published books 
increasingly developed into contests between him, the editor 
and the referees. One of these exchanges, over 25 years ago, 
became a nearly three-year marathon. The related correspon­
dence file reveals a classic example of good, perhaps mis­
placed, intentions gone awry. A change in editorship was 
followed by the new editor's move to forego what seemed to 
Fajans a prior editor's commitment. Additionally, there was 
Fajans' insistence that the review be published in a form not 
only bluntly criticizing items in the author's book, but also 
increasingly promoting Fajans' own views (100). Protests by 
his family against this insistence were of no avail. 

In evaluating this sparring between editor and writer, one 
must realize that German journals of the pre-World War II era 
were very tolerant of polemical exchanges. An example is the 
attack by Hantzsch et al. of Fajans' published doubts about 
the purity of the compounds used and, therefore, the validity of 
conclusions reported previously by Hantzsch on the refractiv­
ity of electrolytes. Hantzsch finally published an admission of 
the superiority of the work by Fajans (101). 

In 1959 I wrote to T. Berlin to inquire about the poor 
academic acceptance of Fajans' views and, in particular. the 
poor acceptance of quanticule theory. In his reply. among 
other things, Berlin mentioned three factors. all of which are in 
keeping with the above: 

... the way in which Dr. Fajans expressed his opinions ... a general 
naivete on the part of chemists '" the general desire by most scientists 
- chemists and physicists - for recipes. 

It was ten years after Fajans' arrival in Ann Arbor and my 
brief first conversation with him that I made a belated return to 
graduate school. I was told by an advisor to avoid his inorganic 
chemistry course, described as so much propaganda. A week 
later I bowed to curiosity and heeded the earlier advice of 
Marvin Carmack, then a chemistry professor at the University 
of Pennsylvania, that I should be sure to avail myself of the 
opportunity to take a course from Fajans. I dropped one course 
and enrolled instead in Fajans·. I would be much the poorer for 
not having done so. It was a stimulating course! It introduced 
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to me points of view sorely needed to sharpen my own 
thinking. Unforeseen by me then, that experience would 
influence the course of my career a decade later. 

For about two years I observed one ofFajans' very capable 
departmental colleagues engage in some highly emotional 
disagreements with him. Over ten years later, that same 
colleague told me how he had arrived fully expecting to "cut 
the props" from under Fajans and at times "wanted to slug 
him". Instead, after finally controlling his own anger, he 
decided to benefit from his contact with Fajans and acquired a 
great respect for the man's knowledge and insight. Another 
initially outstanding colleague fared less well. He did not have 
the stamina to stand up to Fajans' attacks, with the result that 
his productivity progressively diminished. 

Sadly, as the time forretirement approached, Fajans' pres­
ence in the physical chemistry seminars became increasingly 
disruptive. He was apt to interrupt and question the speaker at 
any point. If asked by the presiding staff member to kindly 
refrain from interrupting the speaker, he was known to reply, 
"IfI had wanted to be polite, I would have gone to a party" (51). 
His very aggressive criticisms stifled free discussion, with the 
result that the seminars concluded in relative silence. Even as 
late as 1961, after Fajans had ceased to attend, the "trauma" 
persisted in the physical chemistry seminars, to the puzzlement 
of a newly returned alumnus, and it took a while to restore a 
normal, stimulating discussion (49). 

Fajans' seemingly growing obsession with any aspect of 
what he sometimes called "the Pauling evangelism" produced 
a rather humorous incident which I witnessed in 1952. He had 
just delivered an invited seminar lecture before chemistry 
faculty and students at the University of Minnesota. After the 
lecture he stopped to visit briefly with his hosts, Professors 
Bryce Crawford and William Lipscomb, in Crawford's office. 
During this visit a sales agent for Freeman, the publisher of 
Pauling's General Chemistry and his later College Chemistry, 
innocently dropped in. Introductions were made, and Fajans 
immediately welcomed the sales agent with, "I see from your 
literature that fewer schools are using Pauling's new College 
Chemistry." In spite of this, Fajans valued Pauling's crystallo­
graphic studies. 

The fact that he, unlike many of his fellow workers in 
radiochemistry, was not given a Nobel Prize, also probably 
contributed to Fajans' growing dissatisfaction over the years. 
Perhaps even more disturbing to him was the award to Odd 
Hassel, who, for his work in elucidating the structure of 
intermolecular complexes by means of x -ray diffraction, shared 
the Nobel Prize in Chemistry with D. H. Barton in 1969. Hassel 
had been an assistant in Fajans' laboratory in Munich, and was 
involved there in the study of adsorption indicators (42), but 
evidently was not considered by Fajans to be one of his 
outstanding students (49). Of course, neither was Fajans 
comforted when the award was given to Pauling, with whom 
he had so often disagreed on the theory of chemical binding and 
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structure. 
Unfortunately, two of the most theoretically inclined of his 

former students, Norman Bauer and Theodore Berlin, both of 
whom held university teaching positions, met with untimely 
deaths too early in their careers. The loss of these men must 
have been be a real blow to Fajans and to the further develop­
ment of quanticule theory. Both men had continued to collabo­
rate with him after graduation and, undoubtedly, could have 
done much to improve his interactions with the rest of the aca­
demic community. 

On the other hand, the outcome of the Hantzsch incident 
provides an example of Fajans' very commendable profes­
sional traits. He demanded experimental work of the highest 
order, work which would not compromise the resulting conclu­
sions. To his students he would cite examples of data published 
by respected investigators, and supposedly presenting numeri­
cal values of high accuracy, but which were in fact faulted by 
the use of impure compounds. He ceaselessly sought for more 
reliable sources of critical experimental data needed to test his 
conclusions and, when the data contradicted them, he was 
willing to bow to the experimental evidence. He did so in the 
case of his predictions about the structures of some of the 
higher boranes, and also when the use of a model other than his 
own proved more effective in calculating the dissociation 
energies of the diatomic halogens (102). His sense of humor 
extended to his remarks about his rejection of published data 
which he considered to be questionable. "You see what a bad 
character I have become - I say the literature is no good; but this 
is the reason they invited me [to participate]," he would remark 
knowingly, smiling slyly. His knowledge of the literature 
pertaining to his research interests was in fact encyclopedic, 
much to the consternation, even embarrassment at times, of 
those who expected to find him less aware than they. 

Fajans continued teaching Chemistry 283, a review of 
physical chemistry for graduate students, through the 1955-
1956 academic year (103). The "Kasimir Fajans Award" for 
the outstanding doctoral thesis in chemistry was established at 
the University of Michigan in 1956 in his honor. After the 
usual year of retirement sabbatical, Fajans became Professor 
Emeritus in 1957. As already noted, he continued to actively 
correspond and write articles about ionic polarization and 
quanticule theory until the earl y 1970' s. His wry humor did not 
depart (2c). Deteriorating heart and kidney functions finally 
led to his death on 18 May 1975. His wife, Salomea, who had 
played the role of a much needed balance wheel for her more 
impetuous husband, maintained contact with a number of his 
former students and friends until her own death in 1982. 

Surviving the parents are the two sons, Edgar and Stefan, to 
whom we referred in Part I. Edgar Fajans retired a number of 
years ago. He had earlier moved to the United States from 
England to become Director of Research at American Potash, 
after prior careers with its "parent", British Borax, and with 
Imperial Chemical Industries (107). Stefan Fajans secured his 
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M.D. degree at Michigan and later joined the staff there, where 
he became Professor of Internal Medicine and Chief of the Di­
vision of Endocrinology and Metabolism, specializing in the 
study of diabetes. He became Professor Emeritus in 1988. 

Recently I was startled to have a former colleague, who 
specializes in the study of the swelling of polymers, inform me 
that an editor's remarks had prodded him into reexamining 
Fajans' studies on solubility and alternating polarity. In late 
1989 I began to sense a slow awakening of interest in Fajans' 
work which hopefully will lead to a more positive evaluation 
of his often keen insights into the nature of chemical binding 
and structure. The tragedy of this long delay was noted by the 
Danish theoretical chemist, C. K. Joergensen, when he wrote 
in 1962, "In a sense it is a pity that the quanticule concept did 
not [in 20 years] achieve a greater influence on chemists' 
thinking" (104). 

A final incident conveys something of the impact which 
Fajans had, despite the problems mentioned, on those who 
came into contact with him. In 1960, a distinguished British 
professor, who had just completed his invited lecture and 
discussion period at an American university. was climbing the 
steps leading out of the auditorium with his host, a well-known 
physical chemist and dean, when he turned to his host and 
asked, "What do you think of Fajans and his views?" The 
answer rang back, "Fajans either is a genius or one of the 
world's greatest charlatans - and he is no charlatan!" (l05). 
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Diatomic Molecules With Two Unpaired Electrons", Ibid. 

67. K. Fajans and T. Berlin. "Electronic Structure of Molecules. 
VI. Quantization of Molecules, Inter and Intramolecular Forces". 

Phys. Rev .• 1943.63.309-312. 
68. T. Berlin, Quantization and Electric Interaction in Diatomic 

Molecules. Thesis. University Microfilms. Ann Arbor. MI, 1944, No. 
1041. 

69. T. Berlin, "Binding Regions in Diatomic Molecules". J. 
Chem. Phys .• 1951, 19, 208-213. 

70. K. Fajans. "Discovery of Radium and the Modem Develop­

ment of Chemistry and Physics". a lecture delivered on 20 October 
1944 and published in the Quart. Bull. Polish Inst. Art. Sci. in Amer., 
1945. (January Issue). 1-25. 

71. F. Ephraim.Inorganic Chemistry. 6th ed., revised by P. C. L. 
Thome and E. R. Roberts, Oliver and Boyd, London. 1954, pp. 58-61. 

72. K.Fajans."QuanticuleTheoryofChemicalBinding".Chimia. 
1959,13.349-366 (in German, with English summary). An English 

translation in lithographed form was sold through Ulrich's Bookstore, 

State Street, Ann Arbor. Michigan. 1960; a second printing was issued 
in 1964. The text is based partly on lectures given by Fajans at 
Universities in Basel. Fribourg and Zurich. and before Sections of the 

Polish Chemical Society at Krakow, Lodz. Poznan. Warsaw. and 

Wroc1aw in 1958. 
73. K. Fajans. "Teoria cuanticular del enlace quimico", Rev. 

Soc. QuimiaMexico. 1963. (1). 7, 6-28. A biography appears on pp. 
1-5. 

74. K. Fajans. Kwantykulowa Teoria Hiazania Chemicznego. 
Walter J. Johnson, New York, 1961. 146 pp. Published in Poland, this 
covers the quanticule theory. experimental evidence. and numerous 
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applications to inorganic and organic compoWlds. 
75. See H. B. Gray, "Classification of Unsaturation in Inorganic 

Molecules", Trans. N.Y. Acad. Sci., 1964,26, Ser.lI, 331-336; R. E. 
Holmen, "Concepts of Unsaturation", Ibid., 337 -342; and G.1. Fujim­

oto, "Unsaturation in Aromatic and Metalloaromatic CompoWlds-­
Quanticule Formulation",lbid., 343-347. 

76. S. Z. Lewin, The Diethyl BromoethylmalonaJes as Evidence 
of the Existence of Alternating Polarities in Saturated Carbon Chains" , 
Thesis, University Microfilms, Ann Arbor, Michigan, 1950, No. 

3525. 
77. K. Fajans, "Electric Forces and Electronic Configurations in 

Carbon CompoWlds", Chem. Eng. News, 1949,27, 900-904. 

78. K. Fajans and N. Kreidl, "Solubility of Lead Glasses and 

Polarization ofIons", J. Am. Ceram. Soc., 1948, 31, 105-114. 
79. W. A. Weyl, 'The Role of Ionic Deformation in Surface 

Chemistry", Trans. N.Y. Acad. Sci., 1950,12. Ser.lI. 245-257. 
80. W. A. Weyl. A New Approach to Surface Chemistry i:uuJ. to 

Heterogeneous Catalysis, Pennsylvania State Experimental Station 
Bulletin, State Park, Pennsylvania, 1951. 

81. W. A. Weyl, A. New Acid-Base Concept Applicable to 
AqueousSystems. FusedSalts. Glasses and Solids, Tech. Report No. 
67, Contract No. N6 onr 269, Task Order 8. NR 032-264, 1956. 

82. W. A. Weyl and E. C. Marbowe, The Constitution of 
Glasses: A Dynamic Interpretation, Vol. I, Interscience Publishers, 

New York-London, 1962. 
83. K. Fajans and S. Barber, "Properties and Structure of Vitre­

ousandCrystallineBoronOxide". J.Am.Chem.Soc., 1952,74,2761-

2768. 
84. T. A. Sidorov andN.N. Sobolev. "Infrared and Combination 

(Raman) Spectra of Boron Oxide. III. Interpretation of the Vibra­
tional Spectrum of Boron Oxide and Calculation of the Isotope 
Effect", Optilal i Spektroskopiya, 1958,4,9-16. 

85. C. L. Babcock, S. W. Barber and K. Fajans. "Coexisting 
Structures in Vitreous Silica",lnd. Eng. Chern., 1954,46, 161-166. 

86. K. Fa jans, Chemical Binding Forces, Lithographed Seminar 

Notes, Shell Development Co., Emeryville, CA. 1953. Numerous 
quanticule formulations are given. 

87. R. F. W. Bader and G. A. Jones. "The Hellmann-Feynman 
Theorem and Chemical Binding", Canad. J. Chem., 1961,39, 1253-

1265. 
88. R. F. W. Bader. "Binding Regions in Polyatomic Molecules 

and Electron Density Distributions", J. Am. Chem. Soc .• 1964.86, 

5070-5075. 
89. O. Johnson, "The Role off Electrons in Chemical Binding", 

J. Chem. Educ., 1970.47,431-432. 
90. K. Fajans and O. Johnson. "Electronic Structure of the 

Fluorine Molecule", Chem. Phys. Lett., 1971,9(2).95-98. 
91. O. Johnson, "Catalysis and the Interstitial-Electron Model 

for Metals",l. Res. Inst. Catalysis. HokkaidoUniv., 1972,19(3 ).152-

166.1972,20(2),95-108.1972.20(2).72.109-124.1972.20(2),109-
124.1972.20(2).125-151. 1973,21(1).1-54. 1974,22(3),157-171. 

92. O. Johnson, "An Electron Density Model for Chemical 
Binding. I. Binding Regions in Polyatomic Molecules and Metals", 
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Chemica Scripta. 1974. 8. 202-207; "II. Electronic Structures for 
Semiconductors and Interstitial CompoWlds", Ibid .• 208-213. Both 
include references to Johnson's extensive papers in the Bull. Chem. 

Soc. Japan. 
93. O. Johnson. "Surface Properties ofItinerant and Localized 

d-E1ectrons for Transition Metals". CuihuaXuebao, 1986, 7(3),211-
218. (Chinese, with English summary). 

94. K. Fajans, "Degrees of Polarity and Mutual Polarization of 

Ions in the Molecules of Alkali Fluorides. srO, and BaO", Struct. 

Bonding, 1967,3,88-105. 
95. K. Fajans, "Po1arizability of Alkali and Halide Ions, Espe­

cially Fluoride Ions", J. Phys. Chern., 1970, 74,3407-3410. 

96. G. W. Watt and W. F. Kieffer, eds .• Collected Readings in 
Inorganic Chemistry, Division of Chemical Education of the ACS, 

Easton, PA 1962. Reprinted from papers in J. Chem. Educ. for 1957-

1961. 
97. G. E. Kimball and E. M. Loebl. "A Quantum Mechanical 

Theory of Complex Ion Formation. The Electrostatic Nature of 

Binding"']' Chern. Educ .• 1959.36,233-237. This is reprinted onpp. 

61-65 of reference 96. 
98. R. L. Sime, "The Discovery of Protactinium". J. Chem. 

Educ .• 1963.63,653-657. 
99. L. Pauling, letter to R. E. H .• 30 May 1984. 
100. For examples, see Fajans' reviews of: (a) Y. K. Syrkin and 

M. E. Dyatkina, Structure of Molecules and the Chemical Bond. 
translated and revised by M. A. Partridge and D. O. Jordan. Inter­
science Publishers. New York and London, 1950, appearing, along 
with that of the original Russian edition, inJ. Am. Chem. Soc., 1950. 
72,4335-4337. (b) L. Pauling. General Chemistry. W. H. Freeman 
and Co .• San Francisco. 1947, appearing inJ. Phys. Chem., 1951.55, 
1107-1108. (Mention also is made of Pauling's College Chemistry, 
same publisher. 1950.) (c) His scheduled review of E. S. Gould's 

/ norganic Reactions and Structure, Holt, Rinehart, and Winston. rev. 

ed .• 1962. to all appearances. ended in an impasse between editor and 
reviewer. 

101. See successively: A. Hantsch and F. Durigen, "Chemical 
Changes of Acids and Salts in Solution Based on Refractometric 
Data. 1.. ... Physik. Chem .• 1929. Abt. A.144. 147-157; K. Fajans and 
M-L. Gressmann. "Refractometric Investigations. XIII. Refractom­
etric Methods and the Relation of Concentration to Refraction of Per­
chIoric Acid". 1930. Abt. A. 146. 309-313; and F. Durigen and A. 
Hantsch. "Remarks on the Preceding Work of K. Fajans and Marie­
Louise Gressmann". Z. Physik. Chem .• 1930. Abt. A. 146, 314. 

102. O. Johnson, letter to R. E. H .• 16 November 1987 regarding 
the model for halogens. 

103. R. C. Taylor, from one who was a student in thatc1ass,phone 

conversation with R. E. H .• 12 December 1989. 
104. C. K. Joergensen, "Chemical Bonding Inferred from Visible 

and Ultraviolet Absorption Spectra". in F. Seitz and D. Turnbull. eds .• 

Solid State Physics, Academic Press. New York, 1962, 13. 461. 

105. Conversation overheard by R. E. Holmen. 
106. In striking contrast to this neglect. his 1942paper(62) is cited 

30 times. far more than any other by him cited during the period 1974-



II BulL Hist. Chern. 6 (1990) 

1989. 
107. Before going to press we were infonned that Edgar Fajans 

passed away (August 1990). 

* Addendum: While Part II was being revised, the Editor, W. B. 
Jensen, advised me of two references new to me. The fIrst is to the 
signifIcance of Fajans'earliest research (that which won him the 
Victor Meyer Prize). In 1925, Arthur R. Cuslmy, Professor of Phar­
macology and Materia Medica at the University of Edinburgh, gave 
the third series of The Charles E. Dohme Memorial Lectures. Earlier 
he had taught at Universities of Michigan and London. This lecture 
was published under the title, Biological Relations of Optically 
/somericSubstances. Williams and Wilkins, Baltimore, 1926. Cuslmy 
therein refers to the importance of Fajans' early work in answering 
some questions raised by Pasteurregarding the action of enzymes and 
in showing that their stereospecificity in a chemical reaction can be 
matched by an asymmetric molecule (see especially pp. 10-13,20-
21). Reference to the more complete publication of Fajans' thesis 
research, "Selective Action of Catalysts on Stereo isomers and Optical 
Activation by Asymmetric Catalysis", Z. Physik. Chem., 1910,73, 
25-96 (Gennan), should have been included with Ref. 3 in Part I of this 
article. I apologize for citing only the preliminary one. The second, 
J. Bigeleisen, "Chemistry of Isotopes", Science, 1965,147,463-471, 
p. 463, credits F ajans with being the first to recognize that the isotopes 
of an element, although not chemically separable, should exhibit 
differences in those properties which depend on "the frequencies of 
atomic and molecular vibrations". 

* Errata: In reference 44, p. 23 of Part I, the date of the English 
translation should be 1938, not 1928. The last two references, same 
page, are numbered 46 and 47; they should be 47 and 48, respectively. 

Dr. Reynold E. Holmen, 2225 Lilac Lane. White Bear Lake. 
MN 55110. is retiredfrom the 3M Company. where he was 
employed as an organic chemist. He received his Ph.D.from 
the University of Michigan, where he had the stimulating 
experience of taking several courses from Fajans. Part I of 
this article appeared in the Fall 1989 issue of the Bulletin. 

THE CONTINENTAL CHEMICAL 
SOCIETY 

James J. Bohning. Beckman Center for the History of 
Chemistry 

Chemists of the U.S. ought to have something better than the Chemi­
cal Section of the American Association, the publications of which are 
next to nil. They ought to have something better than membership in 
the American Institute of Mining Engineers. They ought to have a 
national society, including all working chemists in the country -

Frank Wigglesworth Clarke 

including the teachers. The American Chemical Society (of New 
York) would not do, even for a nucleus. It seems to be sort of a 
Pickwick Club, a joke (I, 2). 

Such were the sentiments of William Glenn of Baltimore as 
he wrote to Frank W. Clarke in Washington, D.C., on 21 June 
1890 (3,4). Glenn's letter was just one of about 100 that Clarke 
and Harvey W. Wiley received during the summer months 
from a wide spectrum of chemists in the United States. This 
spurt of activity was prompted by a circular calling for the 
formation of the Continental Chemical Society (CCS) and 
mailed "to the Chemists of America" in early June. 

As co-authors, Wiley and Clarke were acting on behalf of 
the Chemical Society of Washington (CSW), the Chemical 
Section C of the American Association for the Advancement 
of Science (AAAS), and the Association of Official Agricul­
tural Chemists (AOAC). Their proposal was brief, attractive 
in its simplicity, and appeared to provide an obvious course of 
action. The plan was "to organize a Continental Chemical 
Society, representative of all North America, by affiliating 
together as far as possible all existing local organizations. The 
Society as a whole to hold an annual meeting at such time and 
place as may be agreed upon from year to year; while local 
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sections, like sections of the British Society for Chemical In­
dustry, shall have their regular frequent gatherings in as many 
scientific centers as possible; all publishing their work in one 
official journal." The broadside recipients were asked to 
"kindly state whether you regard the project favorably, and if 
modifications or objections occur to you, will you formulate 
them? Do you favor a society at all? Do you favor the idea of 
local sections? Do you favor the publication of a journal?" (3). 

to make Section C of the AAAS serve as the nucleus for the new 
organization, and the final report for implementation of the 
project was to be presented to the AAAS during the annual 
meeting at Indianapolis in August, 1890 (8). 

Ironically, Clarke publicly opposed the formation of a na­
tional chemical society when Persifor Frazer suggested the 
idea at the Priest-

The response to all of Clarke's suggestions was generally 
quite favorable. A typical reply came from C. J. Reed in the 
Laboratory of Thomas A. Edison. Acknowledging receipt of 
"your circular letter of recent date, proposing the organization 
of a Continental Chemical Society," Reed continued "that the 
project meets my hearty approval. I would favor 1) the idea 

of local sec­
ley House in 
1874 (5). Even 
after the Ameri-
can Chemical 
Society (ACS) 
was organized, 
Clarke refused to 
participate in its 
affairs. Instead, 
his efforts were 
directed to the 
AAAS, where he 
was instrumental 
in the formation 
ofthe Permanent 
Subsection of 
Chemistry of 
Section A in 
1874, and where 
he served as an 
officer and the 
author of a large 
number of papers 
presented at the 
annual meetings. 
Fifteen years 
later, with the 
numberofchem-
ically related or­
ganizations in­
creasing, and the 

CONTINENTAL CHEMICAL SOCIETY. 

To THE CUJo;)I(:''n4 010' AHERII'A. 

The undersigned, representing commi1.t.c!(.~ nppoint.Pcl hy UU! Chmnh·:\1 :iocicty or \\r:uwhingt.un, Uw ClwUliral 

bection o( the American Asaocio.tion for the Ad \'anceml!l\t of Science, nud the Association or Ollicin.! Agri~ 

cu]tum] Chemi.ts respectfully 8ubmit the IhJlowing statement: 
During the past two ye:uR the format.inn of a. National, or ratht'f Continental Chemical Stldety hn.", been 

mucb rliHCU88ed. A commitu!C, or which Prof. A fl_ Pr~cott wa.~ chairman, prC'sentc4ll1 rcpurt upon tI)(' "nh-

jcct at. the last meeting of the Ameri(~an A~9ociation. ami that rcport was ill till' main r.a_vnrnhlc. A new 

commitk'e, however, was appointed to SCf::Ul"e fuller information, ami \ViII report at the next meeting of Lht, 

ABROCiation, in August 1890, nt IndianaroliH. A larger attendallce of <":hemiatH i8 tht·ft! eXpl'f"tt"1. 

The plan which has BO far l.Ct.!'O chictlr considered is, in hrief, as r .. llows: 

To organize" Continent .. lI Ch"lIliral ~ucictr, reprt'Scntath'c of nil Xorth Amerira., hy aJlilinting t",",cthrr 

R8 fur a.s possible existing 1000ni org:nnilt:l.tiuIlH. The Society 0."1 a wholc to hoitl an annual Inlocting at Rnl'lI 

timn and place 1\" may bt.! a:rrl't·,l upon (rum yC'ar tn ~·f':1.r; ,,·hile Joc'al ~e('tionR. likp thf"! JU>r.tion!'4 of the Urithdl 

Socit,t.y for ChcmiC'nl Incln~trr. ~hnll iI'ln! thC'ir r('g-lIlar, fl'f'CJIH'Ul g-atherin~s in a!ol lIlany !oIcit'ntific cf'1l1rr's os 

IHJfI8ihlt~; all pul.li!\hjn~ thC'ir work in UJlf' Ilffi,-ild journal. 

Ilt, .. t.ring this rul1~h ouUilu' in "ii'\\' will YOII kindl.\· :--t.'lte wllt'tllt'f ~'ou regard tilt' prnjt'r't fa\·nrn.hly, :lnd 

if m()dificntion~ or ohje<>tiun!4 (WC'lIf ttl YUH. will ~·Oll timuuiat(' them·! nn you f:L\'or II JoI.llciC't,r at all? Dn yuu 

fa\'or thr. i.ltlR of lilcal ~ection:-; -! no YOII fa\-!)r tilt' I'tlhlirntion of a journal? 

Upon the Im"is of the replit.~ tu this circular the .'nl1l1llittCl~ 1l.:l.IHCiI in it will pl't'pnre tllI'ir fl.'ltOrt:- til til.· 

orgn.niX:ltions which they rcprcHcnt. Other exi~tjnA' so('ieti~, havin;! nppuintccl liimilnr cUll1mittl'r~, may takt· 

u.ction·jndepcndcllt1y ; if {fO, tlwir vi('\Vs will Ill' consilIl'rel1 alRo, os it iR desimhl~ to R(>Curc til(' (ull<':tt cu"""pt'r· 
ation among the ("helmets of A mcrica. ('nmplctc unity of nMion ifl ctJSCntial to HUCC('R@. 

Very rCti(Je('tfully, 
r'. W. CJ.AR"F. 

II.W. WII.>:" 

Please acldrl'NI repliCM tu Prof. ~~. \r. (:Irt.rk~, U. ~. Gl'Olllgi4~1 Survl·.v, \Vnshingtnll) D. C. 

Circular calling for the formation of the Continental Chemical Society, June 1890 

can chemistry in 1890. 

tions, 2) the 
publication of a 
journal, 3) an-
nual meetings 
of the whole 
society." Sixty-
nine other let­
ters, most of 
them equally 
terse, a few 
even written in 
the margin of 
the original cir­
cular,contained 
similar com­
ments. Twenty 
-three others, 
however, took 
the time to de­
velop more de­
tailed ideas. 
The diversity of 
their remarks 
reflects not only 
the heteroge­
neity of the 
sample obtain-
ed from the poll, 
but also is a 
measure of the 
state of Ameri-

organizational affairs of chemistry in disarray, Clarke suc­
ceeded Albert P. Prescott as chairman of a Committee on a 
National Chemical Society. Prescott, from the University of 
Michigan, had presented a report to Section C of the AAAS in 
August of 1889 explaining the desirability of a truly national 
chemical organization (6). With Wiley's assistance, Clarke 
obtained unanimous approval of the national society concept 
from both the CSW and the AOAC. Being careful to exclude 
the CSW members from the mailing list to avoid charges of 
bias, Clarke "widely distributed" the circular to obtain more 
support at the national level (7). It is clear that the intent was 

While not claiming any priority, Thomas H. Norton (Uni­
versity of Cincinnati) gently reminded Clarke "that in 1884 
when at Washington I broached the idea to you, but at that time 
you rather doubted its feasibility." Some were concerned 
about the name of the new organization. Winthrop E. Stone 
(Purdue) felt that the name "American Chemical Society" 
would be more definitive since "we are accustomed to seeing 
(Continental] used as designating Europe in distinction from 
England." E.H.S. Bailey (University of Kansas) wondered if 
"the name American [is] monopolized by the N. Y. Society, so 
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that we cannot use it?" More directly, Henry Trimble (phila­
delphia College of Pharmacy) simply did "not like the name 
'Continental', but thought it should be 'American' although 
such a name could only be adopted by an arrangement with the 
New York American Chemical Society ... The name 'North 
American' might be used, or the 'United States Chemical 
Society' which would exclude Canada - a small loss." This 
dilemma was solved by M. F. Edwards (University of Michi­
gan) who called the project an "American Continental Chemi­
cal Society." 

Separated by their geography as well as their specialties, 
most of the chemists had strong feelings about local sections. 
Divisions "drawn on geographical or on technical grounds" 
were equally acceptable to Thomas Robinson (Fort Mitchell, 
Alabama) who could envision either an Eastern Section head­
quartered at Boston, Montreal or Halifax or sections of Agri­
cultural, Mining, and Biological Chemists. Supporting this 
view, Alfred E. Hunt (Pittsburgh Testing Laboratory) consid­
ered "the idea of the local sections to be a good one; but think 
that there are at present chemical society organizations, organi­
zations of engineers' societies in which the chemists have 
sections, or could form sections, that this should represent the 
local sections." However, Davenport Fisher of Mil waukee felt 
"so out of the way of intercourse with my fellow chemists that 
I hardly know how practicable and useful such a society could 
be." Similarly, F. W. Woll (University of Wisconsin Agricul­
tural Experiment Station) argued that "local sections may be 
advantageously formed in the East, where a considerable 
membership of chemists are gathered within a comparatively 
small area, but I doubt if they would be a success anywhere 
else, and I should rather see a good strong meeting of the whole 
society once every year than more frequent weaklings of 
sectional meetings which cannot help taking away the interest 
from the mother society." W. P. Cutter (Utah Agricultural 
College) agreed that his "isolated position would make it 
practically impossible to attend any such section," yet recog­
nized that "the formation of such local organizations would be 
the only way to prevent the society from becoming a mere 
publication firm ... ". 

J. T. Willard (Kansas State Agricultural College) predicted 
that "not over six or eight local sections could be organized," 
even though "these would probably embrace the best men of 
the profession in this country." Willard also presumed it 
"unnecessary to point out the conditions obtaining here and in 
Great Britain are vastly different, the area of the latter being 
scarcely more than that of Kansas. Successful annual meetings 
which can be attended by a large majority of the members can 
thus be held there, while here many of us would not be able to 
attend once in five years." More prophetically, Bennet F. 
Davenport suggested that "the American Chemical Society at 
New York City and the Washington, D .C. [Society] could form 
sections, and we could have one here at Boston." However, 
John Ordway (Tulane) did not think a local section in Boston 

would "flourish, according to past experience, but if the 
pharmacists could be interested, they might help as they are 
getting better educated than they used to be." Conflict with the 
Scientific Association atJ ohns Hopkins caused William Glenn 
to doubt the success of a local section at Baltimore, since it 
"could not live ... unless led by the Hopkins men; it is doubtful 
if they could fmd time and inclination to lead it" 

In spite of their various approaches to the implementation 
of local sections, most respondents were in accord with Char­
les D. Woods (The Storrs School Agricultural Experiment 
Station) who found "the way in which chemical publications in 
this country are scattered is to be deplored." Walker Bowman 
(Virginia Agricultural and Mechanical College) saw the pro­
posed journal merging "the chemical work now appearing in so 
many different journals in so many different parts of the 
country." "A journal in which all papers will have a right to 
appear and not by abstract only" was anticipated by F. B. 
Dancy (Raleigh, NC). F. E. Engelhardt (Syracuse, NY) looked 
for an official journal in which American chemists could pub­
lish their work, "instead of a dozen or so which is now the case, 
and quite expensive for a chemist of small means when he takes 
European journals at the same time." Finances were also the 
concern ofH. J. Patterson (Maryland Agricultural Experiment 
Station) who did "not think it would be wise to make the 
subscription to the journal exceed $5.00 per year." 

Quality was the chief concern of Alfred M. Peter (Kentucky 
Agricultural Experiment Station) who proposed to "purchase 
or combine" with an established journal to make "the journal 
the best chemical journal published on the Continent." Ac­
cording to W. Simon (Maryland College of Pharmacy), "it 
should not be undertaken before a number of prominent writers 
have promised to make this journal the chief means for publish­
ing and exchanging views." Purdue's Stone complained that 
"at present publication in American journals is often insuffi­
cient to secure a permanent record in the literature." Perhaps 
this was because Albert M. Todd (Nottawa, MI) believed that 
many "journals are conducted largely for the purpose of gain; 
their editorials column as well, being subservient to the inter­
ests of gain rather than scientific accuracy and the public 
good." Peter T. Austin (Rutgers) warned that "the trouble with 
a journal is that there is not enough work done in this country 
to fill another. The American Chemical Journal might be 
assimilated, otherwise we should not try to get up another. To 
devote a large portion of another journal to abstracts would be 
an outrage on us, for our libraries are now crammed with five 
or six abstracts of every article that comes out." 

Several writers addressed items that were not specifically 
mentioned in the circular. Based on his experience as a student 
at the University of Freiburg, Edgar Everhart (University of 
Texas) thought of "admitting to membership advanced stu­
dents of chemistry" since "in this way the subscription list 
would be considerably increased and a livelier interest and 
enthusiasm in chemistry would be given young men." Simi-
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larly, John Eyermans (Easton,PA) wanted to elect" fellows to 
be composed of college instructors and others doing original 
work" and "also a second class to be termed associates to 
include all other classes of chemists." For Charles S. Parsons 
(Dartmouth) there was a much different concern. "While I 
recognize the value and beauty of organic chemistry" he wrote, 
"and wish to keep up with it as far as I can, still I hope that if 
a Continental Chemical Society is founded it will not make 
organic chemistry too prominent ... to the exclusion of other 
branches." Thomas Robinson enthusiastically wanted to "go 
further and make [the CCS] a section of a world-wide Chemi­
cal Society." 

The details of organizational problems will evoke as many 
solutions as there are individuals to propose them. Writing 
from the Fellowcraft Club in New York City, Marcus Ben­
jamin examined the overall concept of a new society as well. 
Pointing out that Clarke had copies of his editorials in the 
Engineering and Mining Journal, which advocated a similar 
plan, Benjamin expressed "doubt that [Charles E.] Munroe's 
idea of reviving the American Chemical Society by infusing 
new life into that body" would succeed. Instead, "I believe in 
a new start with new machinery, officers, etc., and then let the 
ACS come in ... Years ago I proposed that the ACS become a 
local section of the Society of Chemical Industry, but I was 
hooted at. In consequence, I resigned and have been $5.00 
ahead each year since." Conversely, J. W. Mallet (University 
of Virginia) confessed "that I retain an Old World tendency to 
build upon foundations already laid by others, rather than 
sweep away the past and set up something entirely new." 
Others argued for a rational amalgamation of existing socie­
ties. It seemed important to A. H. Hunt that the proposed CCS 
should "use every effort and endeavor, not so much to form 
new societies as to combine and collate the work of the organi­
zations already formed." A consulting chemist, James B. 
MacKintosh (New York) thoughtthat"ifwecould get a society 
wide enough to embrace the coal tar color men at one end and 
the mineral chemists at the other with representation both of 
theory and practice ... we should be able to form a society to be 
proud of." From the United States Patent Office, William N. 
Seaman preferred "giving greater autonomy to the sections [of 
the AAAS], and whether this be done by making the Associa­
tion a confederation of partially independent societies or by en­
larging the powers of the sections ... is... a question of expe­
diency." 

Yet State Assayer S. P. Sharples (Boston) noted that the 
"AAAS is largely made up of those who are interested as 
teachers or in theoretical work" while "the chemical side ofthe 
Engineering Society at present is a very strong one embracing 
most of the chemists who are interested in metallurgy and 
commercial work." Since those "engaged in everyday conflict 
... are after results rather than theories" while the teachers are 
"furnished with abundant material" for their theoretical work 
from those needs, the new society would serve as a "common 

Bull. Hist. Chern. 6 (1990) II 

ground" for both groups to meet However, a group headed by 
Louis M. Norton (MIT) preferred to have the society "devote 
its strength mainly to applied chemistry rather than to pure 
chemistry" , looking to the Society of Chemical Industry rather 
than the German Chemical Society for an example. Citing the 
Journal of the CCS as the crucial step in implementing the new 
society, George H. Masson (Trinidad) tied the rise of the 
professional status of the members "with the progress of the 
Society, which if worked with earnestness and concord would 
soon become an association of recognized importance among 
the scientific institutions of the world." "Organization is the 
spirit of our time" wrote Charles Munroe (Newport, RI) 
philosophically, for "it gives force to action and effects an 
economy in effort while the strength which follows a well 
matured union of interests is axiomatic and is the fundamental 
idea of the government under which we live and of the 
institutions with which we are surrounded. I cannot formy part 
conceive of any reason ... why every chemist in the country 
should not wish to become a member of such an organization." 

Not everyone shared such optimism. An emotional re­
sponse came from C. Loving Jackson (Cambridge, MA) who 
was "opposed to any chemical society on the grounds that the 
country is too large for meetings, and I do not see that it would 
be of any advantage to chemistry." Incredulously, Jackson 
also saw "no field" for a journal, stating that "anyone who does 
anything toward multiplying the sources of scientific informa­
tion deserves the curses ... of all scientific men." In a more 
subdued tone, C. F. Maberry (Case School) concluded that 
from the "opinions I have heard discussed, I am convinced that 
this [CCS] is quite out of the question. Such an attempt would 
receive little help from the men who are carrying on the larger 
portion of original research in this country. Without such 
support the scheme would evidently be hopeless." Toxicolo­
gist E. H. Bartley (Long Island College) was confident that 
Clarke did "not expect much support from the members of the 
ACS." After all, "this society is now in the field as an American 
Society with members all over the country. Is it likely that 
another will do better? There are more chemists in and about 
N.Y. than in any other location in America. Why change the 
headquarters for such an association when there are but a 
handful of chemists? To make all of the existing societies 
subsections would ... aid in building up the Washington or 
some other Society." 

Pennsyl vania Railroad Company chemist Charles B. Dudley 
(Altoona, PA) lamented that "I have done all I could thus far to 
help on the society whose headquarters are in New York, 
having constantly paid my dues, although I felt that very poor 
return was given for the money, since the New York Society 
has not been as efficient as could be desired." Convinced that 
"there is not room for two large societies," Dudley contended 
that "the question turns more on what can be done with the New 
York Society than on any other single consideration". While 
merging this society into the Continental was a possibility, he 
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concluded that "perhaps better still the American Chemical 
Society could be made the basis of the Continental." Support 
of the ACS also came from William McMurtrie (New York 
Tartar Co.) who could "scarcely see the necessity for another 
and independent organization until absolute or at least practi­
cal failure of this [ACS] society has been demonstrated." The 
ACS "is an active operation, is thoroughly organized, has a 
good membership of men of high standing, [and] is making an 
endeavor to extend its usefulness along exactly the lines 
proposed in this circular." 

The longest defense of the ACS came from Charles A. 
Doremus (City College of New York) who elaborated on eight 
reasons why the ACS "shall be continued and that whatever 
may be deemed faulty in its constitution shall be modified to 
harmonize all existing views." Doremus hinted that "if in its 
[ACS] administration some, even of the most prominentchem­
ists, may have felt aggrieved because perhaps their names may 
not have figured in high places, you may rest assured that the 
same difficulties ... will exist in any new organization. What 
guarantee is there of any new society being more successful? 
Are present prospects higher than those under which the ACS 
was born?" Doremus trusted "that at the American Associa­
tion meeting there will be no evidence of sectionalizing or petty 
jealousy, but that a truly liberal spirit will prevail all delibera­
tions on this subject." The eight-page letter dated 1 July 
evoked an Independence Day reply from Clarke. Six days later 
Doremus responded again, this time constructing a detailed 
scenario for implementing Clarke's scheme by "starting with 
the charter of the ACS." In rebuttal of Clarke's specific 
comments, Doremus pointed out that "men such as Dr. Bolton 
never entered the ACS because of dissension at the time of its 
founding," and "the meetings of the ACS have been held in 
N.Y .... owing to the general apathy of the profession." Sen­
sitive to individual interactions, Doremus wrote "strongly, ... 
for I should much regret to have our foreign professional 
brothers witness any inharmonious factions arising out of this 
movement." 

It was Charles F. Chandler, however, serving as ACS 
President for 1889, who described the situation succinctly and 
candidly. He considered (9): 

... it a very grave mistake to organize another chemical society of a 
general character. We already have an American Chemical Society, 

and we have recently modified the constitution so as to meet all the re­
quirements, and I think it would be a very serious mistake to create 
another one. The present American Chemical Society will not be 

discontinued under any circumstances, and it seems a great pity for the 

chemists of the country to scatter their fire. The term "American 

Chemical Society" is just as continental as a matter of fact. What you 

say in your circular about a society similar to the British Society of 
Chemical Industry is met completely by what has been recently done 
in changing the constitution of the American Chemical Society .... I 

would say, therefore, that in my opinion, it would be a fatal mistake 

to establish the society that is proposed. 

Chandler's caustic comments were not meant to be taken 
casually. He had watched the organization he founded in 1876 
decline in membership as financial difficulties and journal 
publication problems increased (10). In addition, the growing 
dissatisfaction of chemists outside of New York resulted in the 
formation of other societies such as the CSW, founded by 
Clarke and Wiley in 1884. In spite of a dismal situation there 
was no real public concern about the ACS future until news of 
the AAAS meeting in Toronto during August of 1888 reached 
New York. "At the [7] December [1888] meeting the subject 
was discussed in the light of some vague reports, ... and there 
was a certain irritation expressed at the possibility of a new 
organization being formed without consultation with this 
Society, to assure the name which it has born." As a result, 
Chandler "was appointed ... Chairman of a Committee in 
considering any further developments of the subject" (11). 

In early 1889 Prescott had begun gathering information for 
the AAAS on the feasibility of organizing a national chemical 
society (12). Among those responding to his inquiries were A. 
R. Leeds, J. P. Cooke, J. W. Mallet, W. A. Noyes, and Ira 
Remsen (13). While objecting to the proviso "that appointees 
of the AAAS remain a majority of the voting members" on a 
formal organizational committee, A. A. Breneman (editor of 
JACS) was willing "to make any sacrifice that would secure a 
better organization of American Chemists" (11). Worrying 
about how "to respect the organization and the vested rights of 
the ACS", he was optimistic "that your own name [e.g. 
Prescott] at the head of the committee is a guarantee of caution 
and judgment in the direction of the new movement, and for 
that reason wish it every success." 

Writing to Prescott on 20 May 1889, Chandler saw "no 
difficulty in the way of accomplishing this most desirable end, 
provided everybody concerned is desirous of seeing it accom­
plished". Not surprisingly, Chandler thought "the best plan 
would be for all the chemists in the country to join the ACS" 
and proceed to reorganize the ACS with an annual meeting, 
local sections, and a journal. He was very specific that the 
journal issue was the most important matter of all. Suggesting 
that the Journal of the American Chemical Society, Hart's 
Journal of Analytical Chemistry, and Remsen's American 
Chemical Journal should be combined, Chandler was willing 
to give Remsen every concession to become editor. Using an 
unusual descriptor, Chandler assured Prescott "that the mem­
bers of the New York Chemical Society (the American Chemi­
cal Society) would be willing to do everything that is reason­
able in order to bring about so desirable a result" (3,14). 

Almost immediately Prescott broached the idea with 
Remsen, who "carefully considered the subject" but "reached 
an unfavorable conclusion" (15). In a lengthy exposition of his 
reasons, Remsen made it clear that in his opinion the new 
organization and journal would not "advance the interests of 



\1 20 

chemistry in this country." On 17 August 1889, with appar­
ently little positive information to report on, Prescott solicited 
help from Clarke and Wiley in Washington. "I beg" Prescott 
wrote, "that you and your associates in Washington will make 
propositions, as to this report of the AAAS Committee, and as 
to action, if any, at Toronto ... May I ask you to lay this letter 
before Professor Wiley and ask that he will kindly consider this 
letter addressed, also, to himself' (16,17). 

Shortly thereafter, the final report was delivered at Toronto 
by Prescott and included a summary of individual and group 
comments, concluding with a brief order of procedure for 
formation of the new society (6,18). Prescott's fear that 
"unless the project is pretty clearly defined, to satisfaction of 
council, this body may refuse to confirm" (16) was subse­
quently justified, for no formal action was taken on the Com­
mittee report. On 23 September 1889, Prescott turned over his 
"meagre bundle" of correspondence to Clarke with his "good 
wishes for further effort" (19). 

Alarmed by the AAAS committee suggestion that "the 
ACS holding meetings in New York ... submit its constitution 
and operative laws for the use of the committee, and to yield its 
name to the new Society," (16) and confronted with a formal 
proposal from C. E. Munroe on reorganization, the ACS began 
serious deliberations at the monthly meeting on 1 November 
1889 (20). Discussion continued well into 1890 (21), culmi­
nating with a revised constitution adopted on 6 June 1890 (22). 
At the same time, Clarke and Wiley were gathering their 
support for the August 1890 AAAS meeting at Indianapolis. 
With a new constitution in effect, the ACS Board of Directors 
decided to meet Clarke and Wiley head on. On 22 July, a call 
was issued for the first general meeting of the ACS at Newport, 
RI. The dates were set as 6 and 7 August,just two weeks before 
the AAAS meeting. Munroe, who had been agitating for ACS 
reform, was surprised to be designated "chairman of the local 
committee with power." His apprehension about the lack of 
time and a poor location was dispelled by the arrival of the 
"genial, efficient, confidence-inspiring Dr. Charles F. Chan­
dler, a host by himself." By special invitation, nonmember 
Frank W. Clarke was also in attendance (23). 

Chandler chaired all of the sessions of the meeting, and on 
the second day "announced an informal discussion regarding 
the more general organization of chemists in America" and 
invited Clarke to present a "brief history of the movement" 
(23). There is no formal transcription of the resulting discus­
sion. The effects, however, "were immediately noticeable" 
and "an era of good feeling and confidence were established" 
(23). When Clarke presented his report to the AAAS in 
Indianapolis justa few weeks later, he concluded with concili­
atory remarks about the ACS. Particularly, he agreed that in "a 
consolidated national society the name of the American Chemi­
cal Society might well be retained by the enlarged organization 
... which also would have rank of seniority above the other 
branches." It would be several years before the final consoli-
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dation would come to fruition, but the die was cast and the 
future of the organization that "would rather swallow than be 
swallowed" was secured (24). 
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DIVERSIONS AND DIGRESSIONS 

The Tie That Blinds 

James J. Doheny, Chicago IL 

This is a tale of the "Terrible Thirties", when (as now), 
chemists were expected to be serious and single-minded, and 
even a bit sub-cultured. It involves George L. Parkhurst, a 
retired Vice-President of Standard Oil of California, and the 
late Robert E. Wilson, one-time Chairman and CEO of Stan­
dard Oil Company (Indiana). George was a recent graduate of 
the Armour (now Illinois) Institute of Technology, and Bob 
was then Director of Research, ca. 1930-31, and had picked 
George as one of his up-and-coming young men. In later years, 
Wilson was on the fIrst U.S. Atomic Energy Commission, and 
was always active professionally and scientifIcally, and in 
business and civic affairs. 

One year at Christmas, Wilson received a particularly 
horrendous example of a "Christmas necktie" which he could 
not persuade Parkhurst to accept. We can only surmise that 
somehow the two agreed that the only possible solution to the 
problem would be to present it to someone formally. They 
decided on Dr. Ward V. Evans, Professor of Chemistry at 
Northwestern University, esteemed teacher, bon vivant, and a 
raconteur par excellence. Obviously there were some condi­
tions attached to the gift, as there is a somewhat cryptic 
reference in the Chicago Section A.C.S. publication, the 
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Chemical Bulletin, to a presentation being made by Evans to 
Erich von Gebauer-Fullneg. Gebauer was a brilliant young 
researcher in catalysis with Marbon in Gary, Indiana, who had 
some connections with Northwestern University. Not long 
afterward he died in a tragic accident involving the ingestion 
of liquid HCl which he was pipetting. 

Gebauer presented the tie to Dr. Charles D. Hurd, of 
Northwestern University, who was also a neighbor of his in 
Evanston, Illinois. Hurd passed it on to Fred Sullivan of 
Standard Oil Company (Indiana), who was then Director of 
Research. Dr. Hurd recalls receiving and passing the tie 
onward and concurs that this sequence is most probably cor­
rect. Dr. Sullivan passed the tie on to Harrison E. Howe, who 
was then editor of the "News Edition" of Industrial and 
Engineering Chemistry. The News Edition was a small leaflet 
addition to the journal, and it soon became Chemical & 
Engineering News. 

On 22 December 1933, Howe presented the tie to Dr. 
Edward Lyons, who was active in the Speaker's Tour Service 
and in local section activities of the ACS. He accompanied it 
with a copy of "The Tie that B(l)inds" by John Tarnowsky, 
with the suggestion that "each recipient pen an appropriate 
piece to accompany it ... thus completing the tradition". Actu­
ally this "started" the tradition. Tarnowsky's poem read: 

Some may long for the soothing touch 
of lavender, cream, and mauve, 

but the ties I wear must possess a glare 
of a red hot kitchen stove. 

The books I read and the life I lead 
are sensible, sane, and mild. 

I like calm hats and I don't wear spats, 
but I want my neckties wild. 

Give me a wild tie, brother, 
One with a cosmic urge 

A tie that will swear 
And rip and tear 

When it sees myoid blue serge. 

0, some may say that a gent's cravat 
should only be seen, not heard, 

But I want a tie that will make men cry 
and render their vision blurred. 

I yeam, I long, for a tie so strong 
it will take two men to tie it. 

If such there be, just show it to me -
whatever the price, I'll buy it. 

Give me a wild tie, brother, 
One with a lot of sins, 

A tie that will blaze 
In a hectic haze 
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Down where the vest begins! 

Dr. Lyons rose to the occasion and ftrmed up the tradition 
by sending the tie to Professor Roger Adams at the University 
of Illinois with: 

Some ties are short, some ties are long, 
Few ties, however, rate a song. 

But here is a tie, not red or blue, 
It's the tie that blinds I send to you. 

Wear it once - then pass it along 
And speed its journey with a song. 

Roger Adams, for whom a biographical note would proba­
bly be unnecessary as well as impossibly long, sent the tie to 
Thomas Midgley, Jr., of the Ethy I Corporation. He is popularly 
remembered as the man responsible for the development of 
lead tetraethyl as an additive for gasoline, and freon, but had a 
distinguished career in related industrial ftelds. Adams' poem 
is almost a sonnet: 

Hi! Ho! the tie that blinds 
That ever sacred bow; 

From this man to that man 
Is always doomed to go; 

To tall men, to short men, 
To prof and engineer, 

To fat men, to lean men, 
To men both far and near. 

And now with Midg' it safely rests 
As bright and wild as ever, 

To help him in his daily task -
More molecules to tether. 

Midgley sent the tie to Professor Wilder D. Bancroft of 
Cornell University. Midgley's poem is one of the more 
carefully crafted ones: 

"This chemical creation" said the Doctor to his class, 
"Is a simple preparation, made from tar and isinglass. 

Add some treacle, then a blotter and some dessicated toads, 
Heat it hot and still hotter till the entire mass explodes. 

Note quite well the fiery pattern as the detonation fades, 
Like the saffron rings of Saturn in a hundred million shades; 

Like some cosmic evolution to more scientific minds; 
Like the Cross to Rosicrucians: a symbolic tie that blinds." 

Bancroft was known to the students of that period as Mr. 
Colloid. He also considered various geriatric problems, and 
suggested at one time that possibly the aging phenomenon 
might be considered to be a cause or effect of the brain 
becoming a colloid. He thus cleverly parodied his own work 
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in sending the tie toGilbertN. Lewis of California, on 17 April 
1935: 

I am an old prof from Cornell 
And my brain is beginning to jell; 

I prefer other kinds 
To the weird tie that blinds, 

It gives me a pain where I swell. 

(Could the last word have been misread or miswritten as 
"smell"?) 

G. N. Lewis was, in turn, Mr. Thermodynamics. When one 
recalls Professor Kahlenberg of the University of Wisconsin 
stating in his thick, gutteral accent "Thermodynamics is a gut 
thing for steam engines, but a chemist is afraid of an integral 
sign," one might suspect that Lewis thought the design was a 
mass of integrals. Charles Hurd suggests that "Maybe Lewis 
liked the tie!" It apparently sank into a thermodynamic morass. 
Of course, the Lewis papers are now in the Bancroft Library on 
the Berkeley campus of the University of California, and Dr. 
Robin Rider spoke about preliminary explorations of them at 
the recent meeting in Los Angeles. Possibly a warning sign 
could be erected with the hope that some future explorer may 
fmd the tie, write a poem, and start it off again on its journey. 
Many of us would have appropriate nominees for the honor. 

James J. Doheny, 3625 McCormick Avenue, Brookfield, IL 
60513, is a 64-year member of the American Chemical Society, 
largely because he was forced to join as an undergraduate in 
order to pass a course in physical chemistry taught by Ben 
Freud at the Armour (Illinois) Institute of Technology many 
years ago. 

OLD CHEMISTRIES 

John Johnston's Manual o/Chemistry 

WilliamD. Williams, Harding University 

John Johnston' s Manual of Chemistry was an extremely popu­
larcollege chemistry text during the middle of the 19th century 
(1). It had eight editions from 1840 to 1874, with several 
editions having over a dozen publishers distributed throughout 
the eastern half of the United States. It was equally popular 
west of the Mississippi (2) and continued to be used as late as 
1879 (3). Although designed for colleges, it was used in some 
secondary schools. 

Popularly known by its spine label, Johnston's Turner's 
Chemistry, this book was one of several American texts based 
upon the British work, Elements of Chemistry, by Edward 
Turner (4). Claiming little originality, Johnston referred to 

John Johnston (16) 

himself as a "compiler" and listed dozens of other works used 
in the preparation of the text. A comparison of the two works 
reveals that well over half of Johnston's text was a word for 
word abstract of Turner. He kept Turner's topic arrangement, 
but omitted tedious details and complicated theoretical mate­
rial. He emphasized fundamental facts, principles and practi­
cal applications. Wherever possible, he replaced British names 
and applications with American. Johnston greatly enhanced 
the overview of the material by adding key words at the 
beginning of paragraphs and by presenting headings in more of 
an outline form. He added figures and 28 pages of study 
questions, which were not present in Turner. Inshort,Johnston 
altered the dry, tedious Turner in exactly the way needed to 
make it more palatable. The success of the volume verified his 
judgement. 

The contents of Johnston's Manual were typical of most 
texts of the era: 
* Part I. Imponderable Substances (chapters on Heat, Light, 
Electricity). 
* Part II. Inorganic Chemistry (chapters on Chemical 
Combination, Non-metallic Elements, Metallic Elements, 
Salts). 
* Part III. Organic Chemistry (chapters on General Prin­
ciples and Constitution, Vegetable Chemistry, Animal Chem­
istry). 
* Part IV. Analytical Chemistry. 
Johnston also inserted several interesting American topics, 
including Morse's telegraph; Robert Hare's hydrogen-oxygen 
torch (with a comment that John Webster of Harvard had 
recently had an explosion using such an apparatus); Silliman's 
method of preparing fulminate of mercury; and a description of 
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L. C. Beck and Joseph Henry's slide rule scale of equivalents 
(which used hydrogen as the standard rather than oxygen as 
Wollaston had done in England) (5). Hare was frequently 
quoted as if considered the most authoritative American. 

The onl y item of personal experience in Johnston's text was 
a description of his apparatus for producing solid "carbonic 
acid", as carbon dioxide was then known. Around 1840, he 
experimented with Faraday's techniques of liquifying a gas by 
generating it in a cooled, sealed tube which was strong enough 
to withstand the high pressure. Then he constructed a metal 
apparatus and duplicated the work of Thilorier, who had 
recently obtained solid carbon dioxide. Johnston's apparatus, 
which used cheap parts so that schools could afford to do the 
experiment, was described in Silliman's American Journal of 
Science and Arts (6). This article was reprinted in the section 
on heat of Johnston's Manual (7). The gas was liquified in a 
stopcocked metal collection tank that could be separated from 
the gas generation tank. When the liquid was rapidly released 
from this tank, solid carbon dioxide was formed. He con­
structed such an apparatus for Edward Hitchcock at Amherst 
and dem ons trated one for John Torrey's classes at the College 
of Physicians and Surgeons in New York. Torrey stated that 
Johnston's apparatus produced twice as much solid as that of 

Bull. Rist. Chern. 6 (1990) 1\ 

John K. Mitchell, who was the first American to produce solid 
carbon dioxide (8). 

John Johnston was born on 23 August 1806 in Bristol, 
Maine (9). Details of his early life and education are not 
known. At the age of 22, he entered Bowdoin College, 
Brunswick, Maine, and studied science under Parker Cleave­
land. Following his graduation in 1832, he taught in a seminary 
in Cazenovia, New York. In 1835 he was appointed Lecturer 
in Natural Science and Assistant Professor of Mathematics at 
Wesleyan University, Middletown, Connecticut. Four years 
later he advanced to Professor of Natural Science and remained 
in that position until his retirement in 1873. He was awarded 
honorary A.M. degrees in 1835 from both Bowdoin and 
Wesleyan and the LL.D. degree in 1850 from McKendree 
College, Lebanon, Illinois. In 1854 he was an unsuccessful 
candidate for Professor of Natural Science and Chemistry at 
Columbia College, New York City (10). 

Johnston had a high regard for his former professor, Parker 
Cleaveland. He not only dedicated his Manual to Cleaveland, 
but he conducted his lectures at Wesleyan in the same manner 
that Cleaveland had used at Bowdoin (11). One reference in 
the Manual referred to Johnston's "manuscript notes ofProfes­
sor Cleaveland's lectures at Bowdoin College, in the year 
1832" (12). Johnston probably wrote the anonymous pamphlet, 
A Vocabulary, containing a concise explanation of certain 
terms used in Chemistry; more particularly those which relate 
to Chemical Nomenclature. This glossary, which was pub­
lished in Cazenovia in 1835 while Johnston taught there, was 
a revision and enlargement of an 1826 work by Cleaveland 
(13). The two men corresponded and, during his experimen­
tation with liquifying gases, Johnston sent Cleaveland sealed 
tubes of liquid carbon dioxide (14). 

Johnston's experience with gas liquification became a part 
of a family business. His four sons operated a dental supply 

Johnston's apparatus for solidifying carbon dioxide. 
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business, Johnston and Browne, 1260 Broadway, New York 
City. They had a factory on Staten Island where they manufac­
tured dental chairs and bottles of liquid nitrous oxide, the 
"laughing gas" used as an anesthetic for tooth extractions (15). 

Johnston authored other widely used texts in chemistry and 
physics. His secondary level text, Elements oj Chemistry, 
which was an abridgement of his Manual, was popular from 
1850 to 1867. He also wrote the secondary level Manual oj 
Natural Philosophy and the elementary Primary Natural Phi­
losophy. He contributed articles to several scientific and 
popular publications. His pamphlet, The Science oj Agricul­
ture (1846), an address to the county agricultural society, 
emphasized the chemistry invol ved in plant growth. He was an 
authority on Maine history and wrote A History oj the Towns 
oJBristol and Bremen (1873). He was an original member of 
the American Association for the Advancement of Science 
(1848) and was elected to the American Philosophical Society 
(1876). 

Johnston married Maria Hamilton in 1835. The couple had 
five sons, with one dying in infancy. In his latter years, he lived 
with a son at Clifton, Staten Island, New York, where he died 
on 1 December 1879. 
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WHATEVER HAPPENED TO THE 
NASCENT STATE? 

WilliamB. Jensen, University of Cincinnati 

In 1884 the British chemist, M. Pattison Muir, published a 
textbook on theoretical chemistry entitled A Treatise on the 
Principles of Chemistry in which he attempted to summarize 
many of the recent results "on the subjects of dissociation, 
chemical change and equilibrium, and the relations between 
chemical action and the distribution of the energy of the 
changing system" - in short, most of the topics which would, 
within the next ten years, come to become identified with the 
new and rising field of physical chemistry and the work of 
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Ostwald, Arrhenius and van't Hoff (1). Though Muir himself 
did not succeed in establishing a British school of physical 
chemistry and did not make any significant experimental 
contributions to the new field, he did playa role in disseminat­
ing its early results through his review of Ostwald's work on 
the measurement of affinity coefficients (2), the writing of a 
monograph on thermochemistry (3), the editing of an influen­
tial dictionary of chemistry (4) and, of course, through his 
textbook. 

Muir, who was later to. write an important history of 
chemistry (5), also had an unusual appreciation of the history 
of his subject and in his textbook attempted to use the new 
views on chemical equilibrium and kinetics to unravel some 
long-standing paradoxes of chemical affinity that had been 
known since the end of the 18th century. Among these were the 
problems of predisposing affinity, contact actions, and the so­
called status nascens or nascent state. The first of these topics 
has long since disappeared from the textbooks, whereas the 
second, under the rubric of heterogeneous catalysis, has sur­
vived. In many ways, however, it is the third topic that is the 
most fascinating, as not only the explanation of the nascent 
state, but the very question of whether it really exists, are still 
unresolved problems. A history of the various attempts to 
explain this phenomenon provides one with an interesting 
cross section of 19th and 20th century chemical theory and, 
though an explicit treatment of this subject has been missing 
from textbook literature since the 1940' s, it is of interest to note 
that the term is still to be encountered, albeit in passing and 
without explanation, in more recent textbooks (6). 

A knowledge that freshly prepared gases, when generated 
in situ within a reaction system, are frequently more reactive 
than when added already prepared from an external source 
seems to date from the late 18th century. This enhanced, but 
short-lived, reactivity appeared to be associated with the gases 
only at the moment of their "chemical birth", so to speak, and 
the resulting metaphor became enshrined within the chemist's 
lexicon in the phrase "nascent state", though the chemical poet 
who first coined the term is not known with certainty. 

The first explicit use that I have been able to locate occurs 
in the l790 edition of Joseph Priestley's work, Experiments 
and Observations on Different of Kinds Airs (7). Having incor­
rectly postulated that both fixed air (carbon dioxide) and 
nitrous acid (nitric acid) were compounds of inflammable air 
(hydrogen) and dephlogisticated air (oxygen), Priestley at­
tempted to rationalize the different products as a function of 
differences in the reaction conditions, arguing that: 

... when either inflanunable or dephlogisticated air is extracted from 
any substance in contact with the other kind of air, so that one of them 
is made to unite with the other in what may be called its nascent state, 
the result will be [/.Xed air; but that if both of them be completely 
formed before the union, the result will be nitrous acid. 



II Bull. Hist. Chern. 6 (1990) 

A year earlier, William Higgins, in his book, A Compara­
tive View o/the Phlogistic and Antiphlogistic Theories, also 
invoked the unusual reactivity of hydrogen "at the very instant 
of its liberation" to rationalize the necessity of water for the 
oxidation of iron (8). Though he did not describe the hydrogen 
as nascent, he did use the tenn when paraphrasing his original 
statement in 1814 (9). 

In the examples cited by both Priestley and Higgins, the 
nascent gases were generated chemically. In 1807 Humphry 
Davy reported that a similar enhanced reactivity was also 
present in the case of electrochemically generated gases (10). 
Upon electrolyzing water, he observed that some nitric acid 
was invariably fonned at the anode and a trace of ammonia at 
the cathode. These he attributed to the "combination of nascent 
oxygen and hydrogen respectively with the nitrogen of the 
common air dissolved in water", since he knew that these 
reactions did not occur at room temperature when the fully 
fonned gases were allowed to interact. In modern tenns, the 
observed secondary electrode reactions can be represented as: 

(1) 

cathode: 6H* + Nz ~ 2~ (2) 

where we have used the starred symbol to represent the nascent 
state of the element in question in order to avoid the explicit 
representation of any hypothesis concerning its molecularity 
or structure. 

An examination of 19th century chemical literature shows 
that the nascent state soon became the accepted rationale for a 
number of otherwise puzzling chemical reactions. Among 
these were the varying products observed when metals lying 
above hydrogen on the activity series reacted with either 
sulfuric (11,77) ornitric acid (12). At low acid concentrations 
dihydrogen gas is the major product in both cases, whereas at 
higher acid concentrations sulfur dioxide, nitrogen oxides and, 
in some cases, even ammonia are obtained instead. To explain 
this concentration dependency it was assumed t.l]at nascent 
hydrogen was initially generated in both systems. At low acid 
concentrations this reverted to nonnaldihydrogen gas, whereas 
as at higher acid concentrations it was entirely consumed in 
reducing the respective acids and dihydrogen gas was no 
longer observed among the reaction products: 

(3) 

H* + H(NO) ~ NOz + ~O (4) 

(5) 

(6) 

Other classic examples include the use of nascent hydrogen 

Joseph Priestley (1733-1804) was one of the fIrst to use the tenn 
nascent state in his chemical writings. 

to generate arsine in the famous Marsh test for arsenic (13): 

(7) 

in the reduction of nitrobenzene to aniline: 

(8) 

in the Clemmensen reduction of carbonyls, and in the Jones 
reduction column. In each case the hydrogen is generated in 
situ by means of zinc and hydrochloric acid and the reactions 
are not observed under the same conditions if externally 
generated dihydrogen gas is used instead. 

In all of these examples the actual generation of dihydrogen 
can be observed as a competing reaction. However, the nascent 
state concept was soon extended to systems in which the gas 
corresponding to the nascent intennediate is never observed 
under the conditions of the experiment and which apparently 
involve a single overall net reaction rather than two competing 
reactions. For example, nascent oxygen was used to explain 
the production of dichlorine oxide in the reaction (14): 

2C~ + HgO ~ C~O + HgClz (9) 

via the mechanism: 

HgO~Hg+ 0* (10) 
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Marsh's apparatus for testing 
forthepresenceof arsenic. The 
unknown is placed in the tube 
along with hydrochloric acid 
and a piece of arsenic-free zinc. 
The nascent hydrogen reacts 
with any arsenic in the sample 
(usually in the form of the 
oxide) to generate arsine. The 
hydrogen-arsine mixture issu­
ing from the end of the tube is 
lit. The arsine decomposes in 
the flame and leaves a mirror 
of elemental arsenic on a cool 
surface held above the flame. 

(11) 

(12) 

where again it was not possible to produce the highly endoener­
getic dichlorine oxide by direct reaction between molecular 
dioxygen and dichlorine, though in step 11 it is presumed to 
occur with nascent oxygen. 

Likewise, nascent oxygen was frequently invoked to ex­
plain the bleaching (or oxidizing) ability of eau de lavelle or 
hypochlorite solutions (15), via the initial step: 

MClO ~ MCI + 0* (13) 

a supposition apparently supported by the fact that their water 
solutions eventually decompose, on standing, to give the 
corresponding metal chloride and dioxygen gas. 

Many of the oxidation reactions of nitric acid with the less 
active metals and with the nonmetals were also rationalized in 
the same fashion (16): 

2H(N03) ~ 2NO + 1\0 + 30* (14) 

and the ability of aqua regia, in contrast to either dichlorine or 
hydrogen chloride gas, to chlorinate gold was likewise attrib­
uted to the initial production of nascent chlorine (16): 

3HCI + H(N03) ~ NOCI + 21\0 + 2Cl* (15) 

As will be seen, the use of the nascent state in these cases 
became the basis of much of the criticism later directed at the 
concept. 

The first, and by far the most historically significant, 
attempt to rationalize the nascent state was made by the French 
chemist, Auguste Laurent, in 1846. Laurent and his collabora­
tor, Charles Gerhardt, were early proponents of the concept 
that the elements in their standard states were composed of 
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polyatomic molecules rather than isolated atoms. Contrary to 
the usual accounts found in most histories of chemistry, the 
supporting evidence for this proposition was based not just on 
Gay-Lussac's law of combining volumes, but on considera­
tions related to the energetics of chemical reactions as well. 

Rephrasing the original arguments of Laurent and Gerhardt 
in terms of modem bonding terminology, the implied assump­
tion was that chemical bonds could be broken in the course of 
a spontaneous reaction only if they were replaced by stronger 
bonds. Given this premise, and the assumption that the ele­
ments were monoatomic, it was difficult to understand why 
some compounds spontaneously dissociated into their ele­
ments and, conversely, why it was not possible to synthesize 
certain compounds directly from the elements themselves, 
though they could be made indirectly by means of displace­
ment reactions. However, once one accepted the existence of 
elemental polyatomic molecules, these paradoxes vanished, 
since in both cases the breaking or making of the bonds in the 
compounds was competing with the making or breaking of 
bonds within the elemental molecules, or as Gerhardt put it, 
with the synthesis or decomposition of a "hydride of hydro­
gen", a "chloride of chlorine", etc (17). 

Applying this concept to the nascent state, Laurent wrote 
(18): 

A binary association of atoms might allow us also to account to a 
certain extent for the affInity possessed by substances in the nascent 
state. If two free molecules of bromine and of hydrogen, BB' and 

HH', are brought together, the affinity ofB for B' andofH for H' may 

suffIce to prevent the combination ofB and B' with H and H'. But if 
the substances present are Hand B, these two, which have no affInity 

Auguste Laurent (1807-1853) was the first to propose that 
nascent gases contained free atoms. 
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to overcome, will be able to combine readily. This is what will occur 

when hydrogen is in the nascent state. That is, whenever it is evolved 

from hydrochloric acid by the action of a metal, we shall have the 

equation: 

HCl + M = ClM + H 

and there will be a tendency to a reconstruction of a binary molecule 

either by combination with bromine or with another atom of hydro­

gen. 

Similar arguments were also put forward by the English 
chemist, Benjamin Brodie, in the early 1850's (19-21). 

The value of this interpretation of the nascent state as a 
minor, but useful, piece of evidence in favor of elemental 
polyatomic molecules was fully appreciated by the 19th cen­
tury chemist, and it is in this context, rather than as a topic in 
chemical kinetics, that the subject found a place in most 
chemistry textbooks after 1860. Adolphe Wurtz devoted three 
pages to the subject in his classic historical study of the 
development of the atomic theory in 1881 (17) and Pattison 
Muir was quite explicit about its pedagogical value in his 1884 
text (1): 

A study of the reactions in which nascent substances play important 

parts appears to me to keep before the student that all important 

distinction between the atom and the molecule which is so vital in 
chemical considerations, and also to draw attention in a marked way 

to the complexity of all chemical changes. 

Though several 19th century chemists (11, 22-23) felt that 
their experimental investigations of the nascent state were not 
inconsistent with the free-atom interpretation, there was in fact 
very little direct experimental evidence for the theory until the 
second and third decades of the 20th century. This came from 
studies by Irving Langmuir (24), Karl Bonhoeffer (25-26), 
Hugh Taylor (27) and others of the gas-phase chemical reac­
tions of atomic hydrogen that had been generated either by 
thermal dissociation on a healed wire or by means of high 
voltage electrical discharges. But even here the proof was 
really indirect and was based on the similarity between the 
reactions observed in the gaseous phase for atomic hydrogen 
and those observed in the liquid phase for chemically or 
electrochemicall y generated nascent gases. Attempts to bubble 
gaseous atomic hydrogen into solutions gave negative results 
due to rapid recombination into dihydrogen gas, whereas 
attempts to detect the existence of a soluble, diffusible, nascent 
species in the liquid-phase chemical and electrochemical sys­
tems were inconclusive at best (28, 29). Indeed, the results 
seemed to indicate that in these systems the nascent activity 
was confined to the surface of either the chemically reacting 
metal or the active electrode. 

Not all 19th century chemists were enamoured of the free-

atom theory of the nascent state and in many ways the opposing 
experimental evidence was more convincing than the support­
ing evidence. Much of this was the result of the efforts of the 
Italian electrochemist, Donato Tommasi (30-33). He pointed 
out that, if nascent hydrogen was really atomic in nature, its 
properties should be independent of the metal - acid system 
used to generate it. But in actual fact, as his own experiments 
showed, its reducing ability was highly dependent on the 
nature of the metal. Thus nascent hydrogen generated by 
means of zinc and hydrochloric acid was able to reduce chlo­
rates to chlorides, whereas that generated either electrolyti­
cally or by means of sodium amalgam produced no reaction. 
Tommasi further noted that all of the reductions observed for 
nascent hydrogen at room temperature could also be observed 
for fully formed dihydrogen gas at higher temperatures. He 
therefore postulated that nascent hydrogen was nothing more 
than thermally hot dihydrogen that had not yet had time to 
thermally equilibrate with the surrounding solvent molecules 
and that its reducing abilities should directly parallel the 
enthalpy of the reaction used to generate it. Thus he wrote in 
1879 (31): 

And if this gas in the nascent state possesses greater affmity than in 

the natural state, it is soley due to the fact that the hydrogen the 
moment it issues from a combination is fourui to be accompanied by 
the wlwle quantity of the heat produced during the selling free of the 
hydrogen. Consequently, nascent hydrogen is nothing else than 
ordinary hydrogen in [different] thermic coruiitions or, speaking 
generally, in different physical conditions. To my mind, the expres­

sion nascent hydrogen is synonymous with hydrogen + calories. In 

fact, all the reactions produced by nascent hydrogen can be obtained 

quite as well with ordinary hydrogen and a high temperature; and the 

differences observed between the hydrogen resulting from different 

chemical reactions are simply due to the fact that these reactions do 

not develop the same quantity of calories. 

Aside from a correction of some of his thermodynamic data 
by Julius Thomsen (34), Tommasi' s theory was generally well 
received and was often quoted by the authors of advanced 
textbooks and chemical dictionaries after 1880 (1,4,35). Muir 
expressed a somewhat more sophisticated version of it in his 
1884 text, writing (1): 

In a reaction wherein [a) given compound is produced there must be 

a moment of time when this compound can only be said to exist 

potentially, when the atoms which constitute its molecules have not 

settled down into stable configurations; at this moment the compound 

may be said to exist in the nascent state. If the atomic vibrations and 

interactions are allowed to run what might be called their normal 

course, the compound molecules are certainly produced, but if these 

interactions are interfered with, a new set of molecules may be 

formed, which molecules bear a more or less simple genetic relation 

to those produced in the normal process of chemical change. 
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This view of the nascent state has recently been revived 
among chemists working in the field of molecular reaction 
dynamics (36), where it is applied to the vibrationally and/or 
electronically excited species which are the initial products 
observed in molecular cross-beam studies of gas-phase reac­
tions. Indeed, in 1976, Simon Bauer of Cornell University 
wrote a short note in which he argued that (37): 

It is now time to restore the term "nascent" to legitimacy. Much 
evidence has accumulated, both experimental and theoretical, which 
demonstrates that in many reactions the partition of nascent products 
among their characteristic rotational, vibrational, and electronic states 
differs substantially from that expected were these generated in 
statistical equilibrium. Nascenl contrasts with state relaxed, i.e. a 
system for which a single temperature and corresponding thermody­
namic functions can be defmed. 

Though Bauer cited several examples of how the reactivity of 
these nascent products differed from that of the corresponding 
state-relaxed products, it is open to question, as in the earlier 
case of the gas-phase atomic hydrogen experiments, whether 
this explanation can be extended to the classical liquid-phase 
chemical and electrochemical systems which gave rise to the 
concept of the nascent state in the first place. 

Yet a third theory of the nascent state was proposed by the 
German chemist, Gottfried Wilhelm Osann, in a series of more 
than a dozen papers published between 1852 and 1864 (38). By 
electrolysis of a dilute solution of freshly distilled Nordhausen 
sulfuric acid, Osann obtained a form of activated hydrogen 
which was capable of reducing solutions of silver salts to 
metallicsilverandmixturesofpotassiumhexacyanoferrate(III) 
and iron(III) chloride to Berlin blue. Platinum and porous 
carbon cathodes were capable of storing the active hydrogen 
and could be removed from the electrolysis apparatus and 
placed in other solutions, where they produced reactions not 
normally observed for dihydrogen gas under similar condi­
tions. 

Heavily influenced by Christian SchOnbein's discovery of. 
ozone, Osann decided he had discovered a similar allotrope of 
hydrogen and since, like ozone, it was much more chemically 
reactive than the normal form of the element, he gave it the 
name of ozon-wasserstoJf(39). In later work he reported that 
the atomic weight of his new gas was 0.66 or about two thirds 
that of normal hydrogen (40). 

Similar ideas were expressed by T. LPhipson in 1858 (41): 

What is called the "nascent state" is, I think, nothing more or less than 
the allotropic state of bodies entering into combination .. , it seems 
incontestible that every time oxygen enters inlO or leaves compounds, 

it is in the state of ozone. When we reflect further on the results already 
obtained with hydrogen, chlorine, bromine, sulphur, and phosphorus, 
we are inclined to believe that all simple bodies should behave in the 
same manner; that is to say, that all bodies may have an allotropic state 
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analogous to ozone, and that they are in this state at the moment of 
entering into combination, or when they are in the nascent state. 

Osann's results were criticized by J. Lowenthal in 1858, 
who suggested that the enhanced reducing properties of the gas 
were due to the presence of sulfur dioxide from the Nordhausen 
acid used in its preparation (42). This criticism was disproved 
by Osann (43), but more serious problems were uncovered by 
Gustav Magnus (44), who was unable to duplicate many of 
Osann's results. He concluded that Osann's materials were 
contaminated with iron and that this was actually responsible 
for the observed reductions. Though Hermann Fehling sum­
marized Osann's work in his 1864 Handbuch (45), he was 
critical and, by 1895, Albert Ladenburg felt that Osann's 
hypothesis had been "aus der Welt geschafft" (35). 

Actually Ladenburg's funeral oration proved to be prema­
ture as, in a series of papers published between 1920 and 1922, 
Gerald Wendt and Robert Landauer of the University of 
Chicago revived a form of Osann's hypothesis (46-47). By 
means of a-radiation, electrical discharge under reduced pres­
sures, and high potential coronas at atmospheric pressure, they 
generated an activated form of hydrogen which showed a 
reactivity different from both normal dihydrogen gas and 
atomic hydrogen. This they equated with the H, molecule 
postulated by Joseph J. Thomson in 1913 (now known to be the 
H, + ion). Because of both its increased reactivity relative to 
dihydrogen and the analogy between its formula and that for 
0 3, they proposed that the new species be called hyzone. 

As with the work on atomic hydrogen, these results could 
not be extended to the traditional liquid-phase chemical and 
electrochemical methods of generating nascent hydrogen (47), 
though A. C. Grubb, in a short note published in 1923, claimed 
to have prepared traces of the species by dropping acid on 
pieces of suspended metal so as to avoid emersion of the metal 
in liquid (48). 

The phenomenon of allotropism was a difficult problem for 
the 19th century chemist. Rationales based on variations in 
either the degree of molecular complexity (i.e. polymeriza-

Osann's apparatus for the 
preparation of ozon-wasser­
stoff via the electrolysis of 
a water solution of freshly 
distilled Nordhausen acid. 
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tion) or variations in molecular structure (i. e., isomerism) had 
to await the work of Brodie in the 1850's on the concept of 
elemental polyatomic molecules (49). Indeed, it was because 
of this very problem that Berzelius had introduced the distinc­
tions between isomerism and polymerism, on the one hand, 
and allotropism, on the other (50), and he himself favored the 
idea that allotropes corresponded to different electrical states 
of an element's atoms. 

This concept was widely used to rationalize allotropism in 
the fIrst half of the 19th century and was applied in great detail 
by ScMbein in his attempts to explain the behavior of ozone 
(thought to be negative) and its relationships to normal oxygen 
(thought to be neutral) and the antozones (i.e., peroxides, 
thought to be positive) (51). Not surprisingly, it also made its 
appearance in discussions of the nascent state via the allotropic 
theory. Thus Phipson contended that the transient allotropic 
modifIcation of an element which appeared at the moment of 
its formation was equivalent to having rendered the element 
"infinitely more electropositive or electronegative" than its 
normal state (52). 

Like many of the other rationales of the nascent state, this 
so-called "polar" theory experienced a brief revi val in the early 
20th century, this time within the context of early electronic 
theories of the chemical bond. This modernized version was 
apparently suggested by Harry Shipley Fry of the University of 
Cincinnati, who was an early proponent of a polar theory of 
organic chemistry based on the electron transfer model of 
chemical bonding first proposed by J. J. Thomson (53). 
Consistent with the fact that this theory viewed all bonding as 
ionic, diatomic molecules were written as H+H-, CI+CI-, etc. 
This formulation meant that in the generation of dihydrogen 
gas by reduction of aqueous H+ solutions, the reduction of the 
H+ ion had to proceed all the way to H-. This then combined 
with another H+ ion from the solution to generate the dihydro­
gen gas. Likewise, generation of dichlorine via oxidation of 
aqueous chloride solutions required the generation of CI+, 
which then combined with Cl" to generate the final product. 
Thus Fry equated the nascent state with the generation of 
transient free ions having unusual and highly reactive oxida­
tion states. This view was also supported by A. Pinkus (54), but 
fell out of favor with the eclipse of the polar bonding model by 
the electron-pair covalent model ofG. N. Lewis. 

Even these permutations fail to exhaust the speculations of 
the 19th century chemist relative to the nature of the nascent 
state. Yet a fifth model - the so-called occlusion model - was 
developed by John Gladstone and Alfred Tribe in the late 
1870's as a result of their work on the copper-zinc couple (55-
58). Made by placing a strip of zinc foil in a copper sulfate 
solution for a few minutes in order to plate out a small quantity 
of copper on the zinc, Gladstone and Tribe found that in water 
solutions the resulting couple was able to perform many of the 
reductions observed for nascent hydrogen, whether generated 
electrochemically or via metal-acid reactions. Among these 

were the reduction of chlorate to chloride, nitrate to nitrite and 
ammonia, hexacyanoferrate(III) to hexacyanoferrate(II), ni­
trobenzene to aniline, sulfurous acid to sulfur, and diarsenic 
trioxide to arsine (57). 

As a result of their experiments, they became convinced 
that the zinc portion of the couple reduced the water, that the 
resulting hydrogen became occluded in the copper, and that 
this occluded hydrogen was responsible for the observed 
reductions (56). In support of this model they compared the 
reducing abilities of the couple with those of hydrogen oc­
cluded in platinum, palladium, copper and porous carbon, 
concluding that (57): 

... the increased power of the hydrogen is due to its condensed 
condition [upon occlusion in the metal], while the observed differ­
ences between the action of the different combinations,result from 
variations in this respect, and perhaps also from the more or less finn 
hold which the metal has upon the gas. 

The above chemical changes are effected more or less perfectly by 
nascent hydrogen. But this hydrogen in every case is set free in 
contact with. or in very close proximity to a metal. which in virtue of 
the power known to be possessed by such solids very probably 
condenses and fixes some of this gas. It may therefore be conceived 
that the activity of the hydrogen under these circumstances is but the 
consequence of its intimate association with the metals. or. in other 
words. of its being in the occluded condition. 

This hypothesis is perhaps the most satisfactory when it 
comes to explaining the known facts about chemically and 
electrochemically generated nascent hydrogen in the liquid 
phase. It explains the dependency of the reducing power of the 
hydrogen on the method of its preparation (variations in the 
ability of the metals to adsorb or occlude hydrogen), the 
absence of a soluble, diffusible, active intermediate in the 
solutions (it is really a surface reaction at the metal or elec­
trode), and the problems with reproducibility and sensitivity to 
contamination (both highly characteristic of surface reac­
tions). 

Of course, Gladstone and Tribe were necessarily vague 
about the exact nature of the chemical species corresponding 
to the occluded hydrogen, though at one point they did draw an 
analogy with the reducing ability of copper hydride. Indeed, 
this question is still a subject of debate among chemists (59). 

In 1927 Joseph Mellor drew attention to the close relation­
ship between this subject and the problem of the hydrogen 
overpotential in electrochemistry (60). In general, metals with 
low overpotentials tend to strongly occlude hydrogen, and to 
act as effective catalysts for the recombination of hydrogen 
atoms into dihydrogen gas, the hydrogenation of alkenes, etc. 
(61). 

A close examination of these five theories - the free-atom, 
the nonequilibrium, the allotropic, the polar, and the occlusion 
- shows that, in spite of their apparent diversity, they actually 
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have some fundamental points in common. In all five cases, 
one is postulating that the generation of a gas, X, either 
chemically, via the reaction of A and B, or electrochemically, 
proceeds through a short-lived intermediate, I, which, upon 
further reaction with more B, gives the final product 

A+B~[I] (16) 

(17) 

If this intermediate is generated in the presence of another 
chemical species, D, capable of reacting with it to form an 
alternative product Z 

(18) 

then one has an example of nascent reactivity. These common 
features might be characterized as belonging to a generalized 
"active intermediate" model of the nascent state. 

Since the intermediate, I, is presumably more endoener­
getic than the product gas, X, this means that reaction 18 will 
be thermodynamically more favorable than the corresponding 
reaction between X and D: 

(19) 

and will necessarily entail a change in its kinetics as well. The 
only disagreement among the five theories is over the precise 
nature of the intermediate. 

This model further implies that nascent activity can be 
manipulated by controlling the relative rates of reactions 16-
18. Increasing the rate of reaction 17 will increase the rate of 
gas evolution and decrease the amount of product Z, whereas 
decreasing its rate and/or increasing the rate of reaction 18 will 
increase amount of product Z. This fact was explicitly recog­
nized by several investigators in the 19th century. 

Thus, Gladstone and Tribe tested this hypothesis in their 
study of the reduction of nitric acid during electrolysis, postu­
lating that the failure to observe the production of dihydrogen 
at the cathode in the case of concentrated acid solutions was 
due to the factthat reaction 18 consumed all of the intermediate 
(occluded hydrogen in their theory) in the production of NO 
and N02 , leaving none for the generation of dihydrogen gas via 
reaction 17 (58). By increasing the rate of reaction 16 for a 
given acid concentration, via an increase in the rate of elec­
trolysis, they were able to provide sufficient intermediate for 
both reactions 17 and 1'8 to be observed simultaneously. 

Likewise, Thomas E. Thorpe, in his 1882 study of the 
reduction of ferric salts with nascent hydrogen generated by 
various acid-metal systems, wrote (23, 62): 

Any condition which increases the rapidity of the evolution of the 
hydrogen, without to an equal degree increasing the chance of contact 
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of the hydrogen-atom [i.e., the nascent intermediate, Thorpe accepted 
the free-atom model] with the ferric sulphate, diminishes the propor­
tion of hydrogen which does work as a reducing agent. By increasing 
the amount of free acid, we increase the rate at which the hydrogen is 
evolved, without to an equal degree increasing the molecular move­
ment of the ferric sulphate, and hence an increased amount of 
hydrogen escapes ... by keeping the amount of acid constant and 
heating the liquid, we increase the chances of contact between the 
ferric sulphate and hydrogen-atom. and accordingly obtain an in­
creased reduction ... By diluting the ferric sulfate solution the chances 
of contact between the hydrogen [atom] and ferric sulphate are of 
course diminished, and hence more of the hydrogen escapes in the free 
state. 

Given that the active intermediate model requires an altera­
tion in both the kinetics and thermodynamics of the reactions, 
the modem chemist cannot resist asking which of these factors 
is the most important in explaining the enhanced reactivity of 
the nascent state. There were in fact proponents of both the 
thermodynamic and kinetic points of view during the 19th 
century, though both necessarily rejected the active intermedi­
ate models, which imply the simultaneous alteration of both. 

In a series of papers and books published in the late 1860' s 
and 1870's, the French thermochemist, Pierre Eugene Mar­
celin Berthelot, argued that the nascent state did not exist and 
that the phenomena usually attributed to its operation could be 
explained in terms of thermochemistry alone (14, 63). All of 
his examples involved the use of the nascent state to explain the 
indirect synthesis, by means of displacement reactions, of 
endoenergetic compounds that could not be directly synthe­
sized from the elements themselves. A case in point is the 
synthesis of dichlorine oxide outlined earlier in equations 9-12. 
The difference between the direct synthesis and indirect syn­
thesis, Berthelot argued, had nothing to do with nascent inter­
mediates but was due to the fact that in the latter case the 
production of the unstable endothermic product (C~O) was 
accompanied by the simultaneous production of a highly 
exothermic by-product (HgCI2) and this made the overall 
process exothermic and hence thermodynamically favorable. 

In 1918 Alexander Smith pushed Berthelot's observations 
on the imaginary role of the nascent state in indirect versus 
direct syntheses a step further, sarcastically remarking that 
(74): 

... Since hydrogen and chlorine do not unite in the cold, when sulfuric 
acid and common salt give hydrogen chloride, to be consistent we 
must suppose that nascent hydrogen and nascent chlorine were 
formed and combine. In other words, every union of two elements, 
other than direct union, must be explained by nascent action, although 
in double decompositon this logical necessity is uniformally over­
looked. 

Nevertheless, not everyone was satisfied by Berthelot's ap-
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approach. Adolphe Wurtz, for example, characterized Ber­
thelot's arguments as "useless' ,largely because they were not 
mechanistic in nature and therefore failed to provide a "natu­
ral" explanation (17). More telling were the comments of 
Tommasi in 1880 (64): 

M. Berthelot .. , not long ago pretended that he was the first to give a 
rational theory of the nascent state ... But if you open these two 
volumes, you will not be able to fmd a single sentence which makes 
one even suspect why nascent hydrogen is more active than ordinary 
hydrogen. 

In other words, though Berthelot had given a proper thermody­
namic rationale 

famous Lehrbuch (65). He pointed out that, when initially 
formed, small submicroscopic bubbles mustbe under enormous 
pressure due to the high surface tension of the surrounding 
water. At molecular dimensions, a newly formed bubble with 
a diameter of 10-7 cm would contain gas under a pressure of 
approximately 15,000 atmospheres, and this increased pres­
sure, via the law of mass action, might well account for the 
enhanced reactivity of so-called nascent hydrogen. Today we 
would also emphasize the importance of the increased surface 
area between the smaller bubbles and the surrounding liquid. 

This latter aspect was further pursued by the Greek chemist, 
Constantine Zenghelis, in a series of papers published between 
1920 and 1921 (66-68). He created superfine gas bubbles by 

forcing the 
of the indirect 
synthesis of en­
dothermic com­
pounds, these 
cases had repre­
sented question­
able extensions' 
of the nascent 
state concept in 
the frrst place, 
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Indeed, the rate to chloride, 
inappropriate­
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thelot's rationale 

T. E. Thorpe's curves of hydrogen evolution versus reduction of iron(ill) using 
nascent hydrogen generated by various acid-metal systems 

nitrate to nitrite, 
and mercury(II) 
to mercury(I). 

in the case of these competitive systems becomes apparent if 
one evaluates the thermodynamics of most of the classic reduc­
tion reactions involving nascent hydrogen, for one quicldy dis­
covers that the corresponding reductions with normal dihydro­
gen gas are all thermodynamically feasible at room tempera­
ture. This is true, for example, of the reduction of chlorate to 
chloride, nitrate to ammonia, diarsenic trioxide to arsine, 
nitrobenzene to aniline, iron(III) to iron(II), permanganate to 
manganese(II), etc. Thus our failure to observe these reactions 
must be kinetic rather than thermodynamic in nature, and a 
favorable change in the reaction kinetics is both necessary and 
sufficient to produce an observed reaction at room tempera­
ture. Though a change in mechanism may also alter the 
reaction thermodynamics, this is not a requirement. 

The concept of a purely kinetic rationale of the nascent state 
brings us finally to our last model. This was proposed by 
Wilhelm Ostwald in 1902, almost as a passing thought, in his 

In the case of mixtures of dihydrogen and dinitrogen, he 
obtained ammonia, and in the case of carbon dioxide, a variety 
of reduction products, including formaldehyde. Zenghelis 
concluded that (68): 

We believe that on the basis of the preceding results we must reject the 
generally received hypothesis which attributes the considerable activ­

'fly of certain gases in the nascent slate to the excess energy of free 
atoms. On the contrary, we believe we have demonstrated that this 
activity is due to the extreme subdivision of the active masses in 
contact. 

Using this theory to account for the dependency of the activity 
of the nascent hydrogen on the nature of the metal-acid system 
used to generate it, would require that different metals nucleate 
different size bubbles, a factor that should, in turn, depend as 
much on the physical roughness of the surface as on the 
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chemical nature of the metal itself. 
Some anticipation of the kinetic rationale was already 

present in the occlusion theory. The enormous decrease in 
volume accompanying the occlusion of hydrogen in palladium 
had been noted by Thomas Graham as early as 1868 (69-71). 
Indeed, he calculated that the density of the hydrogen went 
from a valueofO.0895 g/mL in thegasphasetoa value of 0.733 
g/mL in the metal. Chemists had long speculated that hydro­
gen was an analog of the alkali metals and, under this extreme 
condensation, Graham felt that it had in fact become a metal, 
for which he proposed the name hydro genium. He also felt that 
the proper view of occluded hydrogen in palladium was that it 
was a metallic alloy of platinum and hydrogenium. 

The idea that the increased concentration of occluded 
hydrogen versus gaseous hydrogen was partly responsible for 
its increased activity was already hinted at in the statement 
from Gladstone and Tribe quoted earlier and a similar idea was 
suggested by Edward Willm in 1873 (72). This is, of course, 
a purely kinetic effect only if one assumes that the occluded 
hydrogen is still diatomic and does not chemicall y interact with 
the metal lattice - fine points on which the 19th century chemist 
was understandably vague. 

Having come to the end of our historical survey, what can 
be said about the fate of the term nascent state? Despite its 
apparent renaissance among chemists in the field of chemical 
reaction dynamics, it is unlikely that the term will return to the 
introductory textbook. With the demise of the free-atom 
model, it no longer has value as a minor piece of evidence for 
the polyatomic nature of elemental molecules and, though one 
might argue that historically it represents one of the first sus­
tained attempts to deal with reaction mechanisms, its status as 
a well-defined concept in chemical kinetics is even more 
tenuous. 

Our survey points to the fact that nascent activity is primar­
ily a kinetic phenomenon and that it basically subsumes any 
change in reaction conditions that will favorably alter the 
kinetics of an otherwise thermodynamically allowed reaction. 
The precise nature of this alteration may vary from one system 
to the next Thus the occlusion or gas adsorption model seems 
best suited to describe nascent activity in the case of gases 
generated electrochemically or via heterogeneous reactions in 
the liquid phase; the nonequilibrium model seems best suited 
to the vibrationally excited products formed in molecular 
cross-beam studies, and the gas bubble model for activation of 
absorbed gases in porous carbon. In short, there is no single 
explanation of nascent activity and hence no well-defined 
nascent state. Even if one accepts the generalized active 
intermediate model, the fact remains that similar active gases 
can be stored in platinum and porous carbon or produced by 
means of superfine bubbles and that the literal meaning of the 
term nascent no longer applies under these conditions. 

It is of interest to compare these conclusions with those of 
earlier writers. In a memoir written in 1870, Henri Sainte-
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Claire Deville objected to the use of the term "state" in 
conjunction with a transient species which, by its very defmi­
tion, could not be isolated and assigned definite properties 
(73). Muir, on the other hand, attempted to weigh both the pros 
and cons of the concept in his 1884 text (1): 

The tenn "nascent action" has probably been at once helpful and 
harmful to the progress of chemistry. By classing under a common 
name many phenomena that might otherwise have been lost in the vast 
mass of fact with which the science has to deal, the expression has, I 

think, done good service; but in so far as its use has tended to prevent 
investigation - for it is always easier to say of any unusual reactions, 
"these are of nascent action" than to examine carefully into their 

course and conditions ... the use of the expression has, I think:, been 

unfavorable to the best interests of chemical science. 

Indeed, examples of its use as a chemical scapegoat are not 
hard to find (78-79). 

But it was Smith, in the 1918 edition of his popular 
Introduction to Inorganic Chemistry, who came closest to our 
own conclusion when he wrote (74): 

The tenn nascent hydrogen is used in different senses, in a very 

confusing way. (1) It may mean nascent, literally, that is newly born 

or liberated. (2) It is also used to mean different-from-ordinary, or, in 

fact, an allotropic fonn of hydrogen. (3) It is often used to mean one 

particular allotrope, namely, atomic hydrogen. (4) It is used ... to mean 
hydrogen activated by contact with a metal. (5) Finally, its activity is 

explained as being due to the larger amount of free energy contained 

in zinc plus acid plus reducing agent, as compared with the free energy 

contained in free hydrogen plus reducing agent ... The word nascent 

is, of course, a misnomer, excepting in connection with [usage] 1. 

Finally, in closing, we might briefly note a positive ex­
ample of the use of the nascent state concept In 1882 the 
German chemist, Moritz Traube, successfully used it to un­
ravel the structure of hydrogen peroxide (75-76). Previous to 
his work, chemists had viewed this compound as oxygenated 
water. In contrast, Traube insisted that it "was not an oxidation 
product of water ... but rather a compound of an undamaged 
molecule of oxygen with two added hydrogen atoms". This he 
proved by comparing the products obtained by passing dihy­
drogen gas over nascent oxygen generated at the anode, via the 
electrolysis of water, with those obtained by passing dioxygen 
gas over nascent hydrogen generated at the cathode. Assuming 
the free-atom interpretation of the nascent state, Traube rea­
soned that, if the traditional view of hydrogen peroxide was 
correct, then it should be produced at the anode via the reaction: 

(20) 

whereas ifhis interpretation was correct, it should be produced 
at the cathode via the reaction: 
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(21) 

In fact, only water was produced at the anode, whereas a small 
amount of hydrogen peroxide was formed at the cathode, thus 
both verifying Traube's hypothesis and providing a sobering 
reminder of how incorrect assumptions (i.e., the free-atom 
interpretation of the nascent state) can sometimes lead to 
correct results. 
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BOOK NOTES 

Life of a Scientist, Robert S. Mulliken, Springer-Verlag, New 
York, NY, 1989. xv + 256 pp. Hard Cover (Typeset), $49.50. 

Edited by B. J. Ransil, this posthumously published autobiog­
raphy covers Mulliken's life up to 1983 and is supplemented 
by a complete bibliography of his publications, a chronological 
summary of his life, and a good selection of high quality 
photographs. The book's subtitle, "An Autobiographical 
Account of the Development of Molecular Orbital Theory", 
incorrectly suggests that it is largely a technical account of 
the development of Mulliken's scientific work, when in fact 
the volume is full of human interest. though the brevity of 
Mulliken's comments often leave the reader wishing for more 
detail. In this respect. the book fonns a sharp contrast with the 
"scientific autobiography" written several years ago by 
Mulliken's contemporary, John Slater, whose account was 
virtually devoid of personal infonnation and was in many 
ways a fmal plea for the superiority of his Xa - SCF method for 
the computation of molecular properties, 

Short, but tantalizing remarks on Mulliken's philosophical 
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and aesthetic views appear, almost without warning, in the 
middle of discussions of more mundane matters. Typical ex­
amples include his passing comments on his mental state 
shortly after graduation from MIT in 1917 with a B.S in 
chemical engineering: 

I decided that life rationally considered seems pointless and futile, 
but it is still interesting in a variety of ways, including the study of 

science. So why not carry on, following the path of scientific 
hedonism? Besides, I did not have the courage for the more rational 

procedure of suicide ... 

or his inquiry about a Swedish spectroscopist named 
Heurlinger during his fIrst trip to Europe in 1925: 

... whose university dissertation in 1919 showed great promise for an 

understanding of molecular spectra, but [I] learned that he had unfor­

tunately become insane. I was extremely sorry to learn this, but 
thought I could understand why it had happened, because even before 

the new flow of insight offered by quantum mechanics, there was 

. already such an overwhelming vista of exciting possibilities of new 

research and understanding using the old quantum theory. 

Nevertheless, in keeping with the subtitle, the main thrust 
of the narrative is the evolution of Mulliken 's scientifIc thought. 
This is presented as a logical sequence stemming from his 
doctoral work, done under William D. Harkins at the Univer­
sity of Chicago, on the separation of isotopes by distillation. 
This led, in turn, to an interest in isotope effects on the 
electronic spectra of diatomic molecules, to an interest in 
understanding molecular band spectra in general, to the con­
cept of molecular orbitals and, fInally, to the interpretation of 
chemical bonding in terms of these orbitals. 

Since Mulliken's role as the cofounder, along with Fried­
rich Hund, of the method of molecular orbitals is well known, 
it is hardly necessary to emphasize the relevance of this auto­
biography to all chemists having an interest in the devel­
opment of 20th century chemical thought. It is, however, 
worth noting that Mulliken,like Slater, inhabited a borderline 
world which in many ways overlapped more strongly with the 
physics community than with the chemical community. As a 
consequence, upon reading this book, the average chemist, un­
familar with the world of spectroscopy, will encounter a 
succession of names largely foreign to theconventionalchemi­
cal pantheon of heroes. Given the present impact ofMU theory 
on the daily thinking of synthetic organic chemists, this fact is 
a valuable historical example of how strongly one fIeld of 
scientifIc activity can impact on another - however unrelated 
they might at fIrst appear to be. 

Aleksandr Porfir' evich Borodin, A Chemist's Biography, 
Springer-Verlag, New York, NY, 1988. xii + 171 pp. Hard 
Cover (Typeset), $79.50. 
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This is an English translation by Charlene Steinberg and 
George B. Kauffman of a Russian biography of Borodin 
written in 1950. Although it is nice to have this material 
available in English, there are some defmite problems with the 
decision to simply translate, rather than revise, the original 
Russian edition. Among these is the difference in the intended 
markets for the two versions. The original Russian edition was 
apparently targeted at the general reader and, while emphasiz­
ing Borodin's chemical career, rather than his musical career, 
did not go into great detail concerning the chemistry involved, 
as only a few formulas appear in the body of the text. However, 
both the printing of the English translation by a major publisher 
of technical and scientifIc books, and its pricing, suggest that 
the intended targets for the English version are professional 
chemists and chemical libraries. The translators have at­
tempted to compensate for this lack of technical detail through 
the addition of extensive notes at the end of each chapter, but 
this necessitates a continuous thumbing back and forth be­
tween the text and the notes in order to unravel the chemistry 
being discussed, and it would have been an improvement if 
much of this material had been directly incorporated into the 
body oCthe text. 

True to its original publication date, the book also reflects 
Russian political concerns of the 1950' s. The usual obligatory 
reference to the infInite historical and political wisdom of 
Lenin is present, as well as a preoccupation with German plots 
to rob Russian scientists of their just due. This is particularly 
apparent in the discussion of Butlerov's contributions to or­
ganic structure theory, and here the translators have failed to 
balance the situation in their notes. Though several articles 
dealing with the question of Butlerov's contributions have 
appeared since the publication of the original Russian edition, 
none of them are referenced by the translators. Instead, they 
reinforce the German plot scenario by citing the current non­
sense literature on Kekul6's supposedly fabricated dream­
accounts of the origins of his own ideas on structure. Of course, 
it can be argued that by not revising the text so as to remove 
these anachronisms, the translators have reproduced an inter­
esting "period piece" . 

The physical production of the book is excellent and is up 
to the usual standards one has come to expect of Springer 
which, in the reviewer's opinion, produces some of the most 
attractively printed technical literature on the market today. 
The text is supplemented by a complete list of Borodin's 
chemical papers, his musical compositions, an appendix of 
translated documents, and a bibliography of other biographi­
cal writings dealing with his life. The book is also extensively 
illustrated. 

Electrochemistry, Past and Present, John T. Stock and Mary 
Virginia Orna. Editors, American Chemical Society, Wash­
ington, DC, 1989. ix + 606 pp. Hard Cover (Camera-Ready 
Copy), $89.95. 
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This book is based on a three-day symposium organized by the 
volume's editors at the 195th National Meeting of the Ameri­
can Chemical Society in Toronto, Canada, on 5-11 June 1988. 
The 39 papers in the volume are subdivided into those dealing 
with the foundations of electrochemistry (12 papers), those 
dealing with organic and biochemical electrochemistry (four 
papers), those dealing with electroanalytical chemistry (16 
papers), and those dealing with industrial electrochemistry 
(seven papers). Given the fact that most academic electro­
chemists now view themselves as analytical chemists, the 
section on the history of the more recent developments in 
electroanalytical chemistry is perhaps the most valuable part of 
this book and nicely supplements the earlier symposium vol­
ume on the history of electrochemistry, edited by George 
Dubpemell et al. and published by the Electrochemical Soci­
ety in 1978, which dealt largely with the historical foundations 
of basic electrochemistry and the history of industrial electro­
chemistry. 

As with all volumes of this sort, there is a certain uneven­
ness in both the quality and intent of the papers. Several are 
really current technical reviews, rather than historical retro­
spects, and at least one is a plea for an alternative interpretation 
of electrochemical mechanisms. Nevertheless, it should prove 
valuable to future historians as a starting point for characteriz­
ing the state of academic electrochemistry in the 1960's and 
1970's. 

FROM THE CHAIR 

The dawning of a new decade seems to inspire both individuals 
and institutions to reassess themselves. Where are they now? 
Where have they been? Where are they going? HIST is no 
exception and the evaluation is a rewarding one. In 1981, 
according to the ACS office records, our Division had 303 
members. Currently, the total for all HIST members is at or 
over 800. In 1981, we ranked 30th of the (then) 31 divisions 
in size. Currently we are 28th of 32, three steps higher. All of 
this is most satisfying, but I believe we are still getting our act 
together and an even more glorious future awaits. HIST has a 
rather unique position among the Divisions - it is hard to 
imagine any chemist as not having an interest in at least some 
aspect of the Division's territory. (Probably only CRAS and 
PRFR can also make this claim). So why aren't wetlle single 
largest Division with, say, 10,000 members? Partly, I believe, 
because we have an image problem. We are viewed as grey­
bearded types occupied with decaying volumes in musty 
rooms, as nattering on about "obsolete" matters, or as "liberal 
arts" -oriented types who really don't think like chemists, even 
to the cluttering- up of the teaching of chemistry with non­
essential background. In all such cases, we are perceived as 
having no relevance to the practice of modem chemistry. 
Obviously, we have our work cut out for us. It is not enough 

Jack Stocker 
1990 Chair 

to quote the adage that those not knowing their history are 
doomed to repeat its mistakes. Some don't believe this and, 
mostly, nobody is listening. So obviously, our first goal is to 
get their attention. Now here's my plan ... 

I propose we work on two fronts: 1) Activities likely to gain 
wide attention, i.e., ones that will provoke conversation and 
advertise our existence, and 2) Projects that have personal 
utility to a large segment of our colleagues (probably most 
notably in the education area). More specifically, for the 
"activity", the Division might undertake to prepare a utilitar­
ian, stripped-down handbook that could be entitled "Geneal­
ogy for Chemists", permitting the bulk of ACS members to 
trace their chemistry roots. This softcover handbook would be 
published as a Division undertaking and sold as inexpensively 
as possible. An informal evaluation suggests a 300-page 
compendium, possibly 3,000 names, the listing running to the 
time ofWWII, and (probably limited to) those Ph.D. academi­
cians who have trained chemists. Such a handbook would 
certainly provide hours of entertainment for our colleagues, 
would certainly lead to write-ups/reviews in a number of 
places, and could even provide useful data for seeking new and 
interesting correlations. 

For projects of "personal utility", I would like to propose 
the following. In each of the more traditional areas of training, 
(i.e., general, organic, analytical, physical, inorganic and, 
possibly, bio-) the Division would undertake the preparation 
and publication of inexpensive, softcover, modest-sized (i.e., 
200 pages or less) reference books providing briefbackground 
details for the significant names in that particular area of 
chemistry (possibly one per page). In addition to all the usual 
items of importance, i.e., date of birth, country, where edu­
cated, significant professional positions, major contributions, 
each entry would feature up to half-a-dozen brief items of 



interest from that chemist' s/scientist' s background, preferably 
of a personal nature, that would make him/her more real and! 
or more interesting. Forexample: he had nine children, or was 
married four times, or fought in a particular war, or believed in 
spiritualism, or spent five years in jail, etc., etc. 

The collection for general chemistry would appear frrst; 
subsequent work might depend on the reception of this frrst 
effort. Later books might be promoted through some sort of 
tie-in with the appropriate divisions, i.e., the Organic Division 
could market the "organic" one to its members at some profit 
to the Division per copy sold. The project would pennit every 
chemistry teacher across the country to enliven his/her lectures 
by the simple investment of a very few minutes before class 
times. The service would be noted as coming to the teacher 
courtesy of lUST. 

Obviously, all of the above makes certain assumptions. Do 
we want to have a significantly larger Division? Is itappropri­
ate or desirable to devote the Division's energies and resources 
to what are, at best, marginally scholarly activities. I suggest 
"yes" to both questions - greater size and recognition can lead 
to greater influence and I believe all Division members share 
at least some measure of fervor in bringing to/reminding our 
colleagues of the value of lUST's activities. And it should be 
noted in defense that the proposed activities are clearly service­
oriented. 

So I should like very much to hear from lUST's members 
about their reactions to' the above. Support? Hostility? 
Apathy? (Le, your not writing could be so interpreted!) Are 
you interested enough to consider working on any of the 
several projects mentioned? Please do write. In any case, stay 
tuned for further developments. 

Jack Stocker. University of New Orleans 

AWARDS 

The Dexter Award 

The 1990 Dexter Award for outstanding accomplishment in 
the history of chemistry has been awarded to Dr. Colin A. 
Russell of the Open University. The award, which consists of 
a cash prize of$2000and an engraved plaque, will be presented 
at the Fall National ACS Meeting in Washington.,D.C. 

Born in 1928, Dr. Russell received his B.Sc. degree in 
chemistry in 1949 and a postgraduate degree in education in 
1950. These were followed by a M.Sc. in the history and 
philosophy of science in 1958 and by Ph.D. and D.Sc. degrees 
in 1962 and 1978, respectively. After a 20- year career teaching 
chemistry, Dr. Russell became Senior Lecturer in the History 
of Science and Technology at the Open University in 1970 and 
Professor in 1981. Author or coauthor of ten books (including 
two chemistry texts) and more than 50 articles on chemistry 
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Dr. Colin Russell 

and the history of science, Dr. Russell is perhaps best known 
for his classic study, The History of Valency, which appeared . 
in 1971. He is currently in the process of completing the second 
volume of a biography of the 19th century English chemist, 
Edward Frankland 

The Division would at this time also like to solicit nomina­
tions for the 1991 Dexter award Nominations should include 
a complete vita for the nominee, consisting of biographical 
data, educational background, awards and honors, publica­
tions, and presentations and other services to the profession; a 
nominating letter summarizing the nominee's achievements in 
the field of the history of chemistry and citing unique contribu­
tions which merit a major award; and at least two seconding 
letters. Copies of no more than three publications may also be 
included, if available. All nominations should be sent to Dr. 
John Heitmann, Secretary, The Division of the History of 
Chemistry - ACS, Department of History, The University of 
Dayton, Dayton, OH 45469 by 1 January 1991. It should be 
emphasized that the award is international in scope and that 
nominations are welcomed from all quarters. Previous win­
ners have included historians and chemists from Gennany, 
France, Holland, Hungary, and Great Britain. 

The Outstanding Paper A war~ 

The 1990 Outstanding Paper Award has been given to Dr. 
James J. Bohning of the Beckman Center for the History of 
Chemistry for his paper, "The 1893 World's Congress of 
Chemists: A Center of Crystallization ina Molecular Melange", 
which appeared in the Spring 1989 issue of the Bulletin (1989, 
3,16-21). The award, which consists of$I00, a certificate, and 
$150 worth of books from Reidel, will be presented to Dr. 
Bohning at the Fall National ACS Meeting in WashingiOn, 
D.C. 
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The 1990·1991 Edelstein Fellowship 

The 1990-1991 Edelstein Fellowship in the History ofChemi­
cal Sciences and Technology has been awarded to Dr. William 
H. Brock, Director of the Victorian Studies Center of the 
University ofl.eicester. Dr. Brock will divide his fellowship 
yearbetween the Beckman Center for the History of Chemistry 
in Philadelphia and the Edelstein Center for History and 
Philosophy of Science, Technology and Medicine in Jerusa­
lem. 

EVENTS OF INTEREST'. 

* The Division notes the death of William J • Wiswesseron 16 
December 1989 at the age of75. Internationally known for the 
Wiswesser Line Notation and for his other activities in the field 
of chemical information. Wiswesser served as Chair of the 
Division in 1979. His most recent interests in the history of 
chemistry focused on the contributions of the Austrian physi­
cist, Johann J. Loschmidt (1825-1895), to valence notation. 

* The Division has received a $1000 bequest from the estate 
of the late Florence Wall, who passed away on 2 October 1988 
at the age of 93. Beginning her chemical career in 1913 as a 
high school chemistry teacher, Wall became a well-known 
expert on the chemistry of cosmetics. She was active in the 
Division for many years and published numerous papers on the 
history of chemistry, with subjects ranging from the career of 
Wilhelm Ostwald to the role of women in science. 

* The Society for the History of Alchemy and Chemistry has 
announced that its Partington Prize of 100 pounds will be 
awarded on 30 April 1991 for the best original and unpublished 
essay on any aspect of the history of alchemy or chemistry. The 
competition is open to anyone with an interest in the history of 
chemistry who has not reached the age of 30 by the closing date 
of 31 December 1990. Essays must be submitted in English 
and be typewritten, double spaced, and single sided. They 
should not exceed 5000 words and should be fully documented 
following the conventions used in recent issues of Ambix. 
Though the prize-winning essay will be considered for publi­
cation in Ambix. publication cannot be guaranteed. Entries 
should be sent to Dr. A. K. Newmark. Hon. Secretary, The 
Society for the History of Alchemy and Chemistry, The 
Science Museum. South Kensington. London, SW7 2DD, 
England. with the words "Partington Prize" clearly written on 
the envelope. Each entry should contain a separate title page 
giving the author's name, institutional address and date of 
birth. This will not be given to the judges. The decision of the 
judges will be fmal and the Society reserves the right to divide 
the prize between competitors of equal merit or not to award a 
prize should none of the entries be deemed of proper quality. 
Essays will be returned after the announcement of the winner. 

* Dover books has recently issued quality paperback reprints 
of three classics in the history of chemistry: the 1939 Macmil­
Ian edition of James Partington' sA ShortHistoryo!Chemistry; 
the 1942 English tmnslation ofVannoccio Biringuccio's 1540 
classic on metals and metallurgy, the Pirotechnia; and the 
1957 Penquin edition E. J. Holmyard's Alchemy. 

* The Societe d'etude de l'histoire de l'alchemie, 45 rue 
Saint-Maur, 75001 Paris, has begun a new journal entitled 
Chrysopoeia. which is devoted to the study of alchemy in both 
its "spiritual" and "empirical" forms. The journal is now in its 
third volume and can be obtained from Gutenberg Reprints. 30 
rue de Savoie. 75006 Paris. 

* A half-day symposium on the history of the chemistry set 
was held at the 11th Biennial Conference on Chemical Educa­
tion at the Georgia Institute of Technology in Atlanta, Georgia. 
on Thursday afternoon. 9 August 1990. The speakers included 
George Gilbert of Denison University, William Jensen of the 
University of Cincinnati, David Katz of the Community Col­
lege Philadelphia, and David Rhees of the American Philo­
sophical Society. A collection of old chemistry sets was also 
on display during the session. 

* The Oesper Collection in the History of Chemistry of the 
University of Cincinnati is sponsoring an exhibit entitled 
"From Colorimetry to Spectrophotometry: 1890-1940". The 
display, which will run from June 1990 to February 1991. is 
based on portions of the extensive spectrophotometer collec­
tion recently donated to the Oesper Collection by Dr. M. G. 
Mellon of Purdue University. A description of Dr. Mellon's 
collection will be featured in the "Chemical Artifacts" column 
in the Winter issue of the Bulletin. For additional information. 
contact Dr. William B. Jensen, Oesper Collection in the 
History of Chemistry, Department of Chemistry, ML 172, 
University of Cincinnati, Cincinnati, OH. 45221, (513) 556-
9308. 

* Dr. AaronJ. Ihde's long-awaited history of the Department 
of Chemistry of the University of Wisconsin. Chemistry As 
Viewedfrom Bascom Hill, has just been published and can be 
obtained for the price of $25.00 by writing to the Department 
of Chemistry, University of Wisconsin, Madison, WI 53706. 
A detailed review will appear in the Fall issue of the Bulletin. 

* Travel grants are available from the Beckman Center for 
the History of Chemistry to enable interested individuals to 
visit Philadelphia to make use of the Othmer Library, the Edgar 
Fahs Smith Collection, and other associated facilities. The 
grants, which may be used for travel, subsistence, and copying 
costs. will not normally exceed $500. Applications should 
include a vita, a one-paragraph statement on the research 
proposed, a budget, and the addresses and telephone numbers 
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of two references. Deadlines are 1 February for grants covering 
the period April-June; 1 August for the period October-No­
vember, and 1 November for the period January-March. Send 
applications to Dr. Mary Ellen Bowden, Assistant Director of 
Programs, Beckman Center for the History of Chemistry ,3401 
Walnut Street, Philadelphia, PA 19104-6228,(215) 898-4896. 

* The Oesper Collection in the History of Chemistry of the 
University of Cincinnati is looking for donations of old chem­
istry texts, photographs, prints and chemical apparatus to add 
to its collections. Interested parties should contact Dr. William 
B. Jensen, The Oesper Collection in the History of Chemistry, 
Department of Chemistry, ML 172, University of Cincinnati, 
Cincinnati, OH 45221, (513) 556-9308. 

* Applications are now invited for the 1991-1992 Edelstein 
International Fellowship in the History of Chemical Sciences 
and Technology. For further information on how to apply, 
contact the Beckman Center for the History of Chemistry, 
3401 WalnutStreet,Philadelphia,PA, 19104-6228,(215) 898-
4896. The deadline for applications is 31 October 1990. 

FUTURE MEETINGS 

Washington .... 26-31 August 1990 

Five copies of 150-word abstract (original on ACS Abstract 
Form) by 15 April 1990. Title of paper by 1 April 1990. 

* General Papers. Contact J. L. Sturchio Corporate Ar­
chives, Merck & Co., Inc., P.O. Box 2000, Rahway, NJ, 07065-
0900, (201) 594-3981. 
* History of the Development, Use and Testing of Food 
Additives (Cosponsored by CHAL). Contact H. T. McKone, 
DepartmentofChemistry,St.Joseph College,W. Hartford,CT 
06117, (203) 232-4571. 
* Chemistry and Crime II. Contact R. O. Allen, Department 
of Chemistry, UniversitY of Virginia, Charlottesville, V A 
22901, (804) 924-3622. 
* History of Environmental Poilution and Protection in 
Relation to Federal Regulations. Contact R. Sanniento, U.S. 
Environmental Protection Agency, Analytical Chemistry 
Section. Bldg. 306, BARC-East, Beltsville, MD 20705, (301) 
344-2266. 
* 50th Anniversary of the Discovery of the Transuranium 
Elements. (Cosponsored by INOR and NUCL). 
* True Stories of Small Chemical Businesses. (Cosponsored 
bySChB). 
* Chemistry on Stamps. (Cosponsord by CHED). 

Atlanta •... 14-19 April 1991 
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Five copies of 150-word abstract (original on ACS Abstract 
Form) by 1 December 1990. Title of paper by 1 November 
1990. 

* General Papers. Contact J. L. Sturchio (see address 
above). 
* Michael Faraday - Chemist (Cosponsored by CHED). 
Contact Derek Davenport, Department of Chemistry, Purdue 
University, West Lafayette, IN 47907, (317) 494-5465. 
* Chemistry in Science Fiction. Contact J. H. Stocker, 
Department of Chemistry. University of New Orleans. New 
Orleans, LA 70148, (504) 286-6852. 
* History of Synthetic Fibers. Contact R. B. Seymour. De­
partmentofPolymer Science. University of Southern Missis­
sippi, Southern Station, Box 10076. Hattiesburg, MS, 39406. 
(601) 266-4868. 
* Emil Fischer: One Hundred Years of Carbo hydrate Chem­
istry (Cosponsored by CARB). 
* True Stories of Small Chemical Businesses (Cosponsored 
bySChB). 

New York ...• 25-30 August 1991 

Five copies of 150-word abstract (original on ACS Abstract 
Form) by 15 April 1991. Title of paper by 1 April 1991. 

* General Papers. Contact J. L. Sturchio (see address 
above). 
* History of Steroid Synthesis. Contact L. Gortler, Depart­
ment of Chemistry. Brooklyn College. Brooklyn, NY 11210. 
(718) 780-5746 or J. L. Sturchio (see address above). 
* A Century of Chemistry in New York (Commemorating the 
Local Section Centennial). ContactJ. Sharkey. Department of 
Chemistry. Pace University, Pace Plaza, New Yorlc, NY 10038, 
(212) 488-1502. 
* Chemistry and Crime IIl- Forensic Methods: Past, Pres­
ent and Future. Contact S. M. Gerber, Color Consultants, 70 
Hillcrest Road, Martinsville, NJ 08836, Phone (201) 356-
4721; or R. Saferstein, New Jersey Forensic Laboratory, P.O. 
Box 7068, West Trenton, NJ 08825, (609) 882-2000, Ext. 
2692. 
* Social Responsibilities of Scientists. (Cosponsored by 
CHED). 
* True Stories of Small Chemical Businesses (Cosponsored 
bySChB). 

San Francisco .... 5-10 April 1992 

Five copies of 150-word abstract (original on ACS Abstract 
Form) by 1 December 1991. Title of paper by 1 November 
1991. 

* General Papers. Contact J. L. Sturchio (see address 
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above). 
* Chemical Genealogy. Contact P. R. Jones, Department 
of Chemistry, University of New Hampshire, Durham, NH 
03824, (603) 862-1550. 
* True Stories of Small Chemical Businesses (Cospon­
sored by SChB). 

Geneva .... 21-22 April 1992 (Tentative) 

* 100th Anniversary of the Geneva Conference. Organ­
ized by J. G. Traynham, Department of Chemistry, Louisi­
ana State University, Baton Rouge, LA 70803, (504) 388-
3459. 

Chicago .... 22-27 August 1992 

Five copies of ISO-word abstract (original on ACS Abstract 
Fonn) by 15 April 1992. Tide of paper by 1 April 1992. 

* C. K. Ingold and his Influence on the Development of 
Chemis,,-y in America. Contact·M. D. Saltzman, Depart­
ment of Chemistry, Providence College, Providence, RI 
02918, (401) 865-2298. 

Note: The cosponsored symposia will have their primary sponsor­
ships by the divisions so named and the programs will appearunder 
their respective divisional headings. 

Coming in Future Issues: 

Issue 7 (Fall 1990) 

* "The 1990 Oesper Lecture" by Jeffrey L. 
Sturchio 
* "The Genesis of Electrogravimetry" by John T. 
Stock 
* "The Reception of Hydrogen Bonding by the 
Chemical Community: 1920 - 1937" by Denis 
Quane 
* "J. W. Mellor (1869-1938)" by Fathi Habashi 
* "Between Two Stools: Kopp, Kolbe and the 
History of Chemistry" by Alan Rocke . 
* "Harry Jones Meets the Famous" by William B. 
Jensen 

1990 OFFICERS DIRECTORY 

* Chair:JackH.Stocker,DepartmentofChemistry,University 
of New Orleans -Lakefront,New Orleans, LA 70148, (504) 286-
6852. 
* Chair-Elect: William B. Jensen, Department of Chemistry, 
University of Cincinnati, Cincinnati, OH 45221-0172, (513) 
556-9308. 
* Past-Chair: Albert S. Kirsch, 94-1 Marion Street, Brookline, 
MA 02146, (617) 232-4797. 
* Secretary: John A. Heitmann, Department of History, Uni­
versity of Dayton, Dayton OH, 45469, (513) 229-2834. 
* Treasurer: Mary Virginia Orna, Department of Chemistry, 
College of New Rochelle, New Rochelle, NY 10801, (914) 634-
5302. 
* Program Chair: Jeffrey L. Sturchio, Corporate Archives, 
Merck & Co., Inc., P.O. Box 2000, Rahway, NJ 07065, (201) 
594-3981. 
* Councilor: O. Bertrand Ramsay, Department of Chemistry, 
Eastern Michigan University, Ypsilanti, MI 48197, (313) 487-
2259. 
* Alternate Councilor Raymond B. Seymour, Department of 
Polymer Science, University of South em Mississippi, Hattiesburg, 
MS 39406, (601) 266-4868. 
* Chair, Archeology Subdivision: Ralph O. Allen Jr., Depart­
ment of Chemistry, University of Virginia, Charlottesville, V A 
22901, (804) 973-7610. 
* Member-at-Large: Ben B. Chastain, Department of Chemis­
try, Samford University, Birmingham, AL 35229, (205) 870-
2725. 

Issue 8 (Winter 1990) 

* "The Great Laughing Gas Craze" by William B. 
Jensen 
* "Jean-Baptiste Dumas: The Victor Hugo of 
Chemistry" by Ben B. Chastain 
* "History of Chemistry and the Education of 
Teachers" by Aaron J. Ihde 
* "The Origins of the Chainomatic Balance" by 
John T. Stock 
* "The Bicentennial of America's First Chemistry 
Book" by William D. Williams and Wyndam Miles 
* "The M. G. Mellon Spectrophotometer Collec­
tion" by William B. Jensen 
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BULLETIN FOR THE HISTORY OF CHEMISTRY 
Subscription and Membership Application 

Name 

Address 

Signature 

ACS Member at $10.00/year (includes full divisional membership) 
Non-ACS Member at $ 12.00/year (includes affiliate divisional membership) 
Library Subscription ($15.00/year) 

Begin subscription with the year 19 __ 

Return to Dr. William B. Jensen, Editor,Bulletin/or the History o/Chemistry, Department of Chemistry. ML 
172, University of Cincinnati, Cincinnati, OH45221. Checks should be made out to the Division of the History 
of Chemistry, ACS. 

University of Cincinnati 
BULLETIN FOR THE mSTORY OF CHEMISTRY 
William B. Jensen, Editor 
Department of Chemistry 
University of Cincinnati. M. L. 172 
Cincinnati, OH 45221 
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