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1994 DEXTER AWARD ADDRESS

What Was the Chemical Revolution About?

Frederic L. Holmes, Yale University

Two centuries after the death of Antoine Lavoisier, we
might expect historians to be able to agree on the nature
and the boundaries of the great revolution in chemistry
for which he is celebrated. In 1988, however, the editor
of a volume entitled “The

derstanding of a complex set of events played outa little

more than two centuries ago?
Some of the proposals of the last three decades for
redefining the chemical revolution offer new perspec-
tives on the event and on its

Chemical Revolution: Essays in
Reinterpretation” wrote that
“there is at present a striking
lack of consensus as to what
happened in the Chemical Revo-
lution.” Arthur Donovan argued
there that intense scholarship
during the last four decades had
shown the “received” view of
the chemical revolution as the
overthrow of the phlogiston
theory to be “inadequate and
misleading,” but had not yet
supplied a “commanding re-
placement” for it (1). Chemists
who have never doubted that the
chemical revolution was about
the replacement of the
phlogiston theory by Lavoisier’s
oxygen theory, may well won-
der if Donovan’s statement is an
admission that historians are

relations to the chemistry that
preceded or followed it. Some
of the changes in outlook
about this particular revolu-
tion have been forced by
broader recent debates about
the existence of revolutions in
science in general, especially
in the aftermath of Thomas
Kuhn’s enormously influen-
tial Structure of Scientific
Revolutions. Some of the dis-
agreements that still engage
historians, however, are con-
tinuations of debates that have
existed from the time of the
chemical revolution itself.
They involve perennial issues
about continuity and discon-
tinuity that surround, in one
form or another, the interpre-
tation of any radical change in
science, or in society at large.

unable to settle anything. Are
they victims of their own revi-
sionist tendencies, perpetually
reopening questions that ought to have been resolved
long ago, if they only possessed the rigorous methods
that scientists do? Or does the collapse of a formerly
accepted story represent progress in the historical un-

F. L. Holmes

In the case of the chemical
revolution, this debate often
surfaces as one or another variation on the question, was
chemistry already a science before Lavoisier’s “re-
forms,” or did it become a science only through his revo-
lution?

L e e ———————
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Ambiguity over this question began with the leader
of the revolution himself. Sometimes Lavoisier charac-
terized earlier chemistry as so fraught with error that it
would be preferable to begin anew; but on other occa-
sions he viewed himself as continuing in directions fol-
lowed by his predecessors, only carrying their analyses
a step further. During the nineteenth century the ques-
tion was heavily influenced by the attitudes of chemists
toward the heritage that they felt they had received from
Lavoisier. Because his chemical system had been per-
ceived, by both supporters and opponents, as a “French”
chemistry, nationalistic rivalries played a strong part also
in these judgments (2).

The most famous of these opinions was expressed
in 1869 by the French chemist Adolph Wurtz, in the in-
troduction to his History of Chemical Doctrines since
Lavoisier (3):

Chemistry is a French science: it was constituted by
Lavoisier, of immortal memory. For centuries chem-
istry was only a repository of obscure, often mislead-
ing recipes used by alchemists, and later by
iatrochemists. A great mind, Georg Ernst Stahl, had
tried in vain, at the beginning of the 18th century, to
give it a scientific foundation. His system could not
withstand the test of the facts and the powerful criti-
cism of Lavoisier. The work of Lavoisier is com-
plex: he was both the author of a new theory, and the
creator of the true method in chemistry.

In his chapter on Lavoisier, Wurtz described knowledge-
ably both the phlogiston theory and the main features of
Lavoisier’s “new doctrine (4)”. For contemporaries,
however, these details were overpowered by his emo-
tionally charged initial declaration that Lavoisier had
single-handedly constructed the science of chemistry,
and that its origin was, therefore, French. The corollary,
implied in the declaration itself, but also made explicit
in the rest of the that I have included in the preceding
quotation, was that chemistry before Lavoisier was a
rudimentary, pre-scientific affair; that the only previous
attempt to make it scientific, Stahl’s phlogiston theory,
had been a failure.

To some German chemists, Wurtz’s claim appeared
outrageous. Several of them wrote historical rebuttals,
emphasizing continuities between the doctrines of Stahl
and later chemistry, and diminishing the contributions
of Lavoisier (5). In the midst of these polemics the great
German historian of chemistry, Hermann Kopp, pub-
lished a one volume history of The Development of
Chemistry in Modern Times, in which he assessed judi-
ciously, and with remarkable freedom from national bias,
the question (6):

How far had chemistry advanced, up to ... the time
at which Lavoisier acted so powerfully on its further
development and led it onto the track pursued con-
tinually since then? Had chemistry at that time al-
ready secured the claim to be regarded as a science,
or did it, according to what it strove for and had
achieved, not yet merit that designation? Did what a
later time brought forth as the so-called modern chem-
istry come from the further development of what was
already known and scientifically integrated, or does
chemistry as a science really date from Lavoisier?
Very different answers have been given to this ques-
tion.

In treating this question himself, Kopp noted first that
by the end of what he called the era of the “domination
of the phlogiston theory,” all chemists were in agree-
ment that chemistry was “the doctrine of the composi-
tion of bodies: how they are composed, and how they
become composed (7)”. This criterion was especially
important for Kopp, because, as the quoted statement
suggests, he defined a science in general according to
its goals, not merely its completed achievements (8).
The knowledge already acquired by the end of that era
was, however, impressive enough. After enumerating the
metals, earths, salts, and acids newly identified during
the last decades of this era, Kopp commented on “how
rich in discoveries of particular substances the era pre-
ceding the overthrow of the phlogiston theory was.”
These discoveries relied on a general understanding that
“certain substances are contained in other composed
substances as constituents, in which they continue to
exist. Such constituents were not merely hypothetical
elements, but actually producible [darstellbare] sub-
stances.” Most of these pre-Lavoisier views of compo-
sition were afterward translated into the language and
viewpoint of the chemistry of Lavoisier (9).

This “wealth of knowledge” was, Kopp conceded,
“for the most part empirical knowledge,” but the era did
not lack “more general perspectives” capable of lead-
ing to ‘“more comprehensive, important views.” As one
approaches the most basic levels of chemical thought of
the time, however, one encounters in greater degree,
opinions that were “erroneous.” In particular, “with re-
spect to the elementary composition of bodies, and most
especially their ultimate constituents, erroneous repre-
sentations dominated.” He reviewed the four element
theory, a commonplace of chemical textbooks near the
end of the phlogiston era. This theory represented a re-
vival of the Aristotelian elements of 2000 years earlier.
Unlike some more recent historians, Kopp emphasized
that under the names of these elements 18th century
chemists thought of very different entities than the Greek
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philosophers had. “The meaning of these names was
adapted, above all else, to what later chemical investi-
gations appeared to reveal (10)”.

Why, in spite of the wealth of knowledge about
other aspects of composition that he credited to pre-
Lavoisier chemistry, did Kopp characterize the era by
precisely that theoretical system which failed to survive
the chemical revolution? One answer that he himself
gave was that, “For a long time chemistry had viewed
its chief task as to understand and explain the action of
fire on various bodies (11)”. Kopp understood thor-
oughly both the strengths and limitations of the
phlogiston theory. On the one hand, “In the recognition
of which substances are intermediate between others,
and in which order, chemistry was considerably ad-
vanced under the influence of the phlogiston theory
(12)”. Much of the knowledge organized in this way
“was directly translated into the new system.” By the
end of the era, however, efforts to hold to the theory in
the face of changing circumstances had already led, be-
fore Lavoisier intervened, to “considerable divergence,
and rapid changes of views. ... The recognition of one
error maintained until then led one only to tumble into a
new error.”

Despite these negative notes, Kopp had no doubt
that the answer to his question, “whether chemistry, al-
ready conceived then as a science, was pursued scien-
tifically,” was “Yes.” Much of the knowledge acquired
before Lavoisier provided foundations for the system
that Lavoisier formulated. Chemistry as a science did
not date from Lavoisier, even if he had proven that the
previous answers to “fundamental questions” had been
wrong, and even if he had created a new method of in-
vestigation. The problems of chemistry remained the
same, but the methods to solve these problems were
“perfected by Lavoisier”, and a new doctrine of the com-
position of bodies and their most important processes
introduced. “A transformation of views was caused by
Lavoisier within an existing science (13)”.

Hermann Kopp had studied 18th century chemis-
try more thoroughly than any historian before him had,
and knew more about the subject than most historians
since him. He was able to conclude that pre-Lavoisian
chemistry was a genuine science, even though he dis-
tinguished “correct” knowledge from “error” in typical
19th century fashion. Current historians of science be-
lieve that past scientific ideas and knowledge should
be judged according to the standards of their own time,
not that of later eras. It is ironic that they seem, never-
theless, to have more reservations than Kopp had about

the scientific character of chemistry before the chemi-
cal revolution.

There are, I believe, a number of explanations for
why the question of whether chemistry before Lavoisier
was a science has remained an unresolved issue. One
reason is that historians of science, like scientists them-
selves, often forget their own past. Until well into the
twentieth century, Hermann Kopp was known among
historians of chemistry as a towering scholar in their
field. In 1932 the journal Archeion published an appre-
ciation of Kopp as a historian, by Edmund von
Lippmann, which concluded that “Until the present day
no younger scholar has combined the talent, the knowl-
edge (of the subject and the languages) and the hard
work to such a degree” as Kopp had done to produce his
massive studies in the history of chemistry (14). The
generations of historians of science who have come of
age during the 1950s and later, however, tend to treat
the older histories written by scientists about their own
fields as pre-professional and outmoded. In the recent
Osiris volume on reinterpretations of the chemical revo-
lution, to which I alluded at the beginning of my talk, I
found only one reference to Kopp, significantly by a
Dutch historian who has been in the field longer than
the rest of the contributors to that volume (15). I con-
fess that I, too, ignored Kopp until recently, and now
realize that some of what I have written about 18th cen-
tury chemistry that I thought to be novel, he had already
discussed. Undoubtedly those participating in debates
about the meaning of the chemical revolution today
would not fully agree with Kopp’s position, but current
discussions have, nevertheless, been impoverished by
the loss of insights that he brought to the field more
than a century ago.

Another reason that the same questions continue to
be reopened is that the criteria by which they are an-
swered have changed with changes in the structure and
aims of the history of science. During the post war pe-
riod, as the field was moving away from the model of
the scientist-historian, and toward attachments with pro-
fessional historians, there was a strong tendency to view
the history of science as a branch of intellectual history.
One consequence of such alliances was a focus, never
so exclusive as later portrayed, but nevertheless strong
enough, on scientific ideas. From this perspective, much
of the work of eighteenth century chemists that some-
one like Kopp could treat with empathy, appeared bar-
ren. Moreover, the pre-Lavoisier chemists were very
difficult to read, because they wrote in a language that
had been made opaque by the reformed nomenclature
which emerged during the chemical revolution. Histo-
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rians began during the 1960s to define 18th century
chemistry less in terms of the activities of practicing
chemists than of the views of influential figures of the
period who wrote about chemistry, or topics related to
chemistry. A good example was a pioneering paper writ-
ten in 1963 by Maurice Crosland. Having been requested
to “discuss the development of chemistry in the eigh-
teenth century with particular reference to the history of
ideas,” Crosland found it “confining” to restrict his “at-
tention to men who might reasonably be called chem-
ists and ignore others whose chief interests were in other
branches of science or even outside science altogether.”
Among the ideas that appeared to Crosland to have af-
fected the development of chemistry most significantly
were the atomic view of matter, elective attractions,
schemes of classification, the “physical approach to
chemistry,” and the phlogiston theory. Only the latter
emanated primarily from chemists. The “influence of
Newton” played a predominant role, and the attitudes
of the philosophes toward chemistry became more vis-
ible than the views of chemists whose careers took place
in the laboratory (16).

Within the framework of this genre of history of
scientific thought, the question of whether chemistry be-
fore Lavoisier was “still more of an art than a science”
was displaced from criteria such as Kopp had used, to
those resting on the status of an intellectual structure
largely defined by outsiders to, or dilettantes within,
chemistry itself. A similar orientation can be seen in other
prominent historical studies of this period, including,
for example, Arnold Thackray’s monograph Atoms and
Powers, published in 1970, whose subtitle was An Es-
say on Newtonian Matter-Theory and the Development
of Chemistry (17). By such standards it was easy to find
18th century chemistry lacking in the kind of theoreti-
cal structure one would expect of a “modern science.”
The wealth of discoveries that had so impressed Kopp
were readily passed over as merely empirical.

In 1955 the French historian of chemistry Maurice
Daumas pointed out that 18th century physicists and
mathematicians believed that chemistry had stagnated
in outmoded doctrines. It could only be saved, accord-
ing to them, by applying mathematical methods and by
explaining chemical reactions by extending the principle
of universal attraction to the molecular scale. They also
condemned chemical conceptions of heat as a substance.
But what they had to substitute was of no use to chem-
ists. “The chemists remained true to themselves. Practi-
tioners above all else, they kept their faith in the only
guide that had led them so far, that of experiment (18).”
Daumas’s view can serve also as a warning to histori-

ans not to lean too heavily on the writings of Newtonians,
natural historians such as Buffon, or the philosophes, to
characterize the chemistry of that time. Relying on the

_ testimony of outsiders and amateurs to the field, histo-

rians risk missing the internal dynamic of what was tak-
ing places within its laboratories, in the Academies in
which the leading chemists of the age participated, and
in the specialized literature within which its advances
were recorded.

Another displacement of the question, when did
chemistry become a science, began in the 1970s with
the emergence of a vigorous social history of science.
Within this framework historians looked neither for evi-
dences of the progressive acquisition of empirical knowl-
edge, nor for the advent of a strong theoretical struc-
ture, but for the formation of a “discipline-oriented com-
munity.” In the best known study of this type, Karl
Hufbauer found that by the 1770s a national commu-
nity had coalesced in Germany. Its signs were the num-
ber of active chemists holding institutional positions,
and regular communication among them, particularly
with the founding of the first specialized chemical jour-
nal (19).

One of the main obstacles to reaching a consensus
about what happened in the chemical revolution is a
persistent conflation of two images of Lavoisier. From
his own time he was recognized, by followers and op-
ponents alike, as the leader of a great revolution in chem-
istry. During the nineteenth century he came to be viewed
by many also as the “founder” of modern chemistry, an
image conveyed most vividly in the patriotic hues of
Adolph Wurtz. These ought to have been separable view-
points. The chemical revolution was a historical event,
bounded in time, whereas the foundation of modern
chemistry is a far more complex phenomenon, depen-
dent on variable judgments about the essential features
of modern science in general, of chemistry in particu-
lar, and of its differences from what had preceded it.
The distinction has, however, attracted little notice.

Nineteenth century writers sometimes used the term
“revolution,” as Lavoisier himself did, to describe what
he had introduced into chemistry, but did not give prior-
ity to the term. Kopp, for example, headed his chapter
on that topic “the reform of chemistry by Lavoisier (20),”
and Wurtz talked about the “triumph” of the “system of
Lavoisier” over that of Stahl (21). Twentieth century his-
torians have fixed on the phrase “chemical revolution”
and have, in spite of the questionable status of all
“founder” myths, continued to treat it as the defining
event in the formation of modern chemistry. Why has
that happened?
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One explanation I would propose is that the chemi-
cal revolution was fitted into a more encompassing story
of how modern science in general emerged from what
has come to be known as “The scientific revolution.”
David Lindberg has recently surveyed the historical pro-
cess through which the belief of seventeenth century sci-
entists, and of spokesmen for science such as Francis
Bacon, that they were making a sharp break from the
past, evolved into the twentieth century notion of a great
scientific revolution. The characterization of this revo-
lution was in part a rebuttal to the assertions of Pierre
Duhem, who had found evidence of continuities between
Galilean physics and ideas of the late middle ages, and
claimed that modern science had evolved continuously
out of medieval science. A culmination of the reassertion
of discontinuity was expressed in Herbert Butterfield’s
The Origins of Modern Science (22), which began with
the famous statement that the scientific revolution “out-
shines everything since the rise of Christianity and re-
duces the Renaissance and Reformation to the rank of
mere episodes.” According to Butterfield, that revolu-
tion was “the real origin both of the modern world and
of the modern mentality (23).” Encompassed within this
overarching event was the formation of the modern sci-
ences.

To account for so much, Butterfield had to enlarge
the boundaries of a development “popularly associated
with the sixteenth and seventeenth centuries,” to extend
from 1300 to 1800 (24). The latter date enabled him to
include within its scope what he called “The postponed
scientific revolution in chemistry.”

“It has often been a matter of surprise,” he wrote,
“that the emergence of modern chemistry should come
at so late a stage in the story of scientific progress.” He
attributed much of the delay to the “hurdle” raised in
the eighteenth century by the “interposition of the phlo-
gistic theory.” After recounting the canonical story of
the events, from Joseph Black to Lavoisier, which fi-
nally permitted chemists to get around this “block” to
“scientific progress,” Butterfield concluded, “the chemi-
cal revolution which he [Lavoisier] set out to achieve
was incorporated in the new terminology as well as in a
new treatise on chemistry. ... Over a broad front, there-
fore, he made good his victory, so that he stands as the
founder of the modern science (25).”

First published in 1949, and in a second edition in
1957, Butterfield’s little volume provided an accessible
overview of the momentous events which shaped the
emergence of “modern science” in just that period in
which the history of science was coalescing, particu-
larly in the United States, as an academic discipline. It

appears to have played a disproportionate role in shap-
ing the early historical perceptions of the young schol-
ars who began entering the field at that time, and de-
spite the extensive new scholarship in each of the areas
it covers, it is still used in introductory courses. It is
reasonable to surmise that Butterfield’s account of the
chemical revolution has helped to condition both the
negative image of pre-Lavoisier chemistry that is still
prominent in the field, and the close association still
assumed between victory in the chemical revolution and
the foundation of modern chemistry.

The consequences of the retrospective expansion
of the meaning of the chemical revolution to somehow
cover the foundation of modern chemistry as a whole
can be plainly seen in recent revisionist reinterpretations
of the revolution. There is not time here to enumerate
the specific redefinitions of its scope and themes that
have been proposed in the past few years, but I think
that Donovan summarized their general thrust accurately
when he wrote that they make it (26):

clear that focusing on the overthrow of the phlogiston
theory provides too narrow a base for investigations
of any of the major developments associated with the
Chemical Revolution, investigations such as those
that attempt to reconstruct Lavoisier’s research ca-
reer in chemistry, to describe the theoretical revolu-
tion he effected, to explain the ways in which his new
theories were received, and to construct a more com-
prehensive account of the founding of modern chem-

istry.

The pitfall here is that to account for all of these devel-
opments, in particular the founding of modern chemis-
try, as aspects of the chemical revolution, is to impose a
crushing interpretative overburden on the meaning of
the historical event that was from the beginning seen by
contemporaries as a “revolution in chemistry.” What has
happened is that historians have inverted the part-whole
relationship that should apply. The founding of modern
chemistry is not contained within the chemical revolu-
tion, but is a much larger story, in which the revolution
plays its part.

Once we free the chemical revolution from the bur-
den of explaining too much, then, I believe it becomes
quite clear that the older view that it centered on the
overthrow of the phlogiston theory was a realistic one. I
have elsewhere argued that Lavoisier and his most stra-
tegic convert, Guyton de Morveau clearly had that in
mind when they invoked the word revolution to describe
what had transpired (27). If, by revolution we mean a
radical break with the past, a struggle to replace authori-
tative positions with something new, and a victory in
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this struggle, then there can be no doubt that the contest
was between the phlogiston theory and the theory of
combustion with which Lavoisier sought to supplant it.
All of the prominent opponents of Lavoisier’s new
chemical system resisted it as defenders of phlogiston.
It is no accident that they named Lavoisier and his fol-
lowers “antiphlogistonists.”

Historians have long maintained that Lavoisier also
overthrew the prevailing views about chemical elements.
In the famous preliminary discourse of his Traité
élémentaire de chimie, Lavoisier dismissed “the ten-
dency to see all natural bodies composed of three or
four elements,” as a metaphysical prejudice dating from
the Greek philosophers. He replaced such ideas with his
pragmatic definition of elements as “all those substances
that we have not yet been able to decompose by any
means (28).” It is true that in the period just before
Lavoisier entered the field, there had been a revival of
the four element theory, but, as Kopp recognized, its
basis was much different from the original Greek foun-
dations. Moreover, it was, in the eyes of the eighteenth
century chemists who favored it, only a tentative scheme,
subject to the same criterion of validity that Lavoisier
later asserted. In the article on the “elements” in his
Dictionnaire de chymie, Pierre Joseph Macquer named
in 1766 “the purest fire, air, water, and earth” as ele-
ments, because “all the efforts of the art” had so far been
“insufficient to decompose them.” But he quickly added
that “It is very possible that these substances, although
reputed to be very simple, are not, that they are even
very composed, that they result from the union of many
other, simpler substances (29).” These “reputed” ele-
ments did disappear in the chemical revolution. Because
they had never been firmly embedded within the oper-
ating structure of pre-Lavoisier chemistry, as phlogiston
had been, however, they were not defended with the te-
nacity that phlogiston was, and their demise was more a
by-product of, than a central issue of the chemical revo-
lution.

I said earlier that I have come belatedly to the real-
ization that there are strong resemblances between the
way I have recently written about eighteenth century
chemistry and what Hermann Kopp wrote about it long
ago. To summarize my view of the chemical revolution
I could well adopt his statement that, “A transformation
of views was caused by Lavoisier within an existing
science.” There is, however, a distinction between
Kopp’s treatment and my position that I believe is sig-
nificant, the exploration of which can reveal further in-
sights about the nature of the pre-Lavoisier era and re-
cast the boundaries of the chemical revolution itself.

Bull. Hist. Chem. 20 (19971”

The wealth of discoveries of acids, bases, earths, met-
als and neutral salts about which Kopp wrote with such
deep familiarity appeared to him to constitute “empirical”
knowledge. For the “broader views” of the era he turned to
eighteenth century ideas about the elements, affinities, and
above all, the phlogiston theory. I have argued that the sys-
tematic experimental investigations through which the dis-
coveries Kopp describes were made were guided by a
simple, but powerful theoretical structure.

The emergence of the concept of what was known
at the beginning of the century as the “middle salt,” and
by the middle of the century as the neutral salt, had pro-
found consequences for the chemistry of that era, and
for chemistry ever since then. The idea of the neutral
salt was, in part, an empirical generalization growing
out of the gradual realization during the seventeenth
century that acids could be combined with the various
known alkalis, metals, or calcareous earth (the only
“earth” recognized at the time to have this property) to
produce salts which did not display the properties of
these constituents, but from which the constituents could
be recovered with their original properties restored (30).

The reason that this generalization was more than
empirical, however, is that it required chemists to con-
ceive of the two constituents of the salt as present within
it, even though the properties by which the constituents
were defined and identified were not present. That was
not only counter-intuitive, but in conflict with the gen-
eral theories of composition prevailing in the seventeenth
century. The four element theory of that period, which
was, unlike its eighteenth century revival, directly trace-
able to its Aristotelian roots, the Paracelsian salt, sulfur,
mercury triad, and the various compromise systems de-
rived from them during that century, all attributed the
generic properties of tangible substances—their fluid-
ity or solidity, volatility or non-volatility, combustibil-
ity or non-combustibility, their sharpness or insipidness
of taste and other qualities—to one or more of the “prin-
ciples” which entered into them.

As is well known, this general conception persisted
long after the seventeenth century schemes in which it
had been embodied had receded into the past. Its most
prominent manifestation in the eighteenth century was
the principle of flammibility, phlogiston. But Stahl and
other chemists of the time looked for others, such as
that of acidity, under the guidance of the deeply embed-
ded idea that every prominent property common to a
class of substances should ultimately be traceable to one
of its generic principles (31).

Some historians argue that the chemical revolution
replaced this traditional view of composition with a

‘-——
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“combinatorial” one, in which the levels of composi-
tion were defined by the tangible substances that could
be separated by successive layers of analysis, regard-
less of the relationship of the properties of the constitu-
ents and those of the bodies composed of them. Maurice
Daumas emphasized, on the other hand, the continuity
between Lavoisier and his predecessors in this respect.
*“The chemistry of principles” with which Lavoisier came
into contact in his youth was represented in new forms
in his “principle of acidity,” his presumption that a cor-
responding “principle of alkalinity” would be found, and
in caloric (32).

I would like to argue that there was also a continu-
ity across the revolutionary rupture that was the inverse
of this one - that is, that there was a strong precedent for
the “combinatorial” view of composition thought to be
introduced by Lavoisier. This view was expressed with
particular clarity in the article “Mixte et Mixtion” in the
influential French Encyclopédie in 1765 (33):

An essential characteristic of the chemical mixt, at
least in its most perfect form, is that the particular
properties of each of the principles that unite in the
formation of the mixt perish, or are at least so far
masked that it is as if they did not exist at all, and the
mixt is truly a new substance, specified by its own
properties, and different from those of each of its prin-
ciples.

The prime support for this generalization came from the
observed relations between acids, bases, and the neutral
salts that they formed. I would submit, however, that
this was no simple generalization of laboratory experi-
ence. It was a hard-won understanding of that experi-
ence. Seventeenth century chemists had generally be-
lieved that the acid and alkali which reacted together so
energetically destroyed each other in the process, be-
cause those very distinctive properties of the reactants
could no longer be detected in the product. In the early
eighteenth century, chemists in the French Academy of
Sciences carried on a heated debate about whether the
iron extracted from plant matter could have been pre-
formed in it, or created in the process. The main ob-
stacle to their acceptance of the first option was their
difficulty in conceiving how the iron could be present
without imparting magnetic properties to the plant.

In the face of such a mental barrier, the most force-
ful countervailing force in eighteenth century chemis-
try was the success of the chemistry of salts. As the num-
ber of known salts, acids, and bases grew, research
guided by this compositional framework flourished on
an ever accelerating scale. It was the principal source of
that great “wealth of discoveries” that so impressed

Hermann Kopp. Lavoisier had already recognized as
much in 1778, when he wrote that “the theory of neutral
salts, which has fixed the attention of chemists for more
than a century, ... is so perfected today that one can re-
gard it as the most complete part of chemistry (34).”

Viewing the chemistry of salts, not as Kopp did, as
empirical knowledge alone, but as Lavoisier had seen
it, as a domain of chemistry built around a theory of
neutral salts, enables us to define the old question of
continuity and discontinuity in the chemical revolution
in a new way. Within a well-defined problem domain,
defined by Lavoisier as “combustion, the calcination of
metals, and in general all the operations in which there
is an absorption and release of air (35),” he came into
sharp confrontation with those who believed that the
phlogiston theory adequately explained these phenom-
ena. He attacked the defenders of the prevailing view,
overwhelmed them with his reasoning, his experimen-
tal evidence, his effective rhetoric, and an organized
campaign to win over those who resisted. He believed
that his revolution was nearly completed by 1790, be-
cause chemists all over Europe were “gradually drop-
ping the doctrine of Stahl (36).”

When Lavoisier looked at the chemistry of salts, how-
ever, he did not see himself in opposition to his pre-
decessors, but as the follower of a long tradition. “In
accordance with the state in which the science of
chemistry has been transmitted to us,” he wrote in
1778 (37):

It remains for us to do for the principles comprising
neutral salts what the chemists who were our prede-
cessors did for the neutral salts themselves: to attack
the acids and bases, and to push back by another de-
gree the limits of this type of chemical analysis.

That is just what he achieved. It was through his oxy-
gen theory of combustion that the acids and bases were
found to be composed each of a particular constituent
combined with oxygen. Where there had formerly been
established a single level of composition in terms of what
Kopp called “presentable” component substances, there
were now two successive levels understood in the same
manner. The whole of the second part of Lavoisier’s
Traité is testimony to the ease with which the simpler
levels of composition that he had defined could be inte-
grated with the previous knowledge and theory of neu-
tral salts.

My version of Kopp’s statement, therefore implies
that the revolution Lavoisier led took place not only
within an established science, but in a bounded domain
within a broader science. Kopp viewed the phlogiston
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theory as the dominant theoretical feature of that estab-
lished science because of the great importance tradition-
ally attached to explanations for the action of fire on
substances. I view that concern as less dominant by the
second half of the eighteenth century, when distillation
and other analyses depending primarily on heat no longer
dominated the operations of the chemical laboratory to
the extent they once had. The chemistry of salts relied
more and more on solution and precipitation, differen-
tial solubilities, purification and identification through
crystallization, and the expanding capacity to define a
specific salt, acid, or base through a broad combination
of physical and chemical properties. In short, chemistry
was no longer a narrow, monolithic set of concepts and
procedures, but a complex science comprising an array
of increasingly specialized knowledge-and problems.
Lavoisier clearly recognized that state of the field when
he referred to the various “parts” of chemistry.

To reaffirm that the chemical revolution was about
the overthrow of the phlogiston theory is not to imply
that the changes Lavoisier introduced into chemistry
were limited to that domain. The list of his achievements
that had major impacts on the future development of
the various subfields of chemistry which emerged dur-
ing the nineteenth century is astonishingly long. They
range from his thoroughgoing quantitative style of ex-
perimentation and the introduction of a whole new level
of complexity of instruments and apparatus, to calorim-
etry, the elementary analysis of organic substances, and
a theory of fermentation which provided the first de-
scription of a chemical process as a balanced equation,
to the list of pragmatically defined elements from which
all subsequent tables of the elements have evolved, and
the reformed nomenclature.

Some of these achievements changed the theory and
practice of chemistry rapidly, others took many years to
exert their full effects. The more dramatic effects might
be called “revolutionary,” if we follow the popular ten-
dency to describe highly visible, rapid changes of any
kind as revolutions. To do so as historians, however, only
blunts our use of the language and diminishes the preci-
sion of our interpretations. It is useful to distinguish sci-
entific revolutions which require ruptures involving radi-
cal change and the overthrow of something essential to
the pre-revolutionary state, from other kinds of major
scientific transformations. Lavoisier caused a revolution
focused on the phlogiston theory. He produced or laid
the ground work for many additional transformations in
chemistry. But some well established parts of chemis-
try, in which there was rapid progress contemporary with
Lavoisier, but to which he contributed little, continued

to develop in the same directions in which they had been
heading when he arrived on the scene. They too played
their parts in the founding of modern chemistry.
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THOMAS MARTIN LOWRY AND
THE MIXED MULTIPLE BOND

Martin D. Saltzman, Providence College

Thomas Martin Lowry (1874-1936) is a name familiar
to all chemists primarily for his theory of acids and bases.
He also discovered, named and elucidated the mecha-
nism of mutorotation as well as being a pioneer in the
study of optical rotatory dispersion. Deeply interested
in the history of chemistry he published a widely used
text Historical Introduction to Chemistry which went
through three editions (1). Trained originally as an or-
ganic chemist his interest gravitated to physical chem-
istry. Lowry was one of the pioneers in the developing
hybrid discipline of physical organic chemistry. With
his student William Alec Waters (1903-1985) he pro-
duced in 1935 the first book in this area, Physical As-
pects of Organic Chemistry. Others by Herbert Ben
Watson (1894-1975), Louis B. Hammett (1894-1987),
and Gerald Branch (1896-1954) and Melvin Calvin
(1911-1997) followed in 1937, 1940, and 1941, respec-
tively. One of Lowry’s most significant contributions to
physical organic chemistry was his early advocacy of
the use of Lewis-Langmuir theory in the interpretation
of organic reactions (2). This paper will review and as-
sess the significance of his role in this formative period
of physical organic chemistry.

Lowry was born October 26, 1874, in Bradford,
England. His father was a Methodist minister as had
been generations of Lowrys before. His life was domi-
nated by a pious devotion to his religion; and his biog-
raphers Allsop and Waters (3) state that his scientific
career was always guided by his devotion to his reli-
gion. A clue as to why Lowry would gravitate to physi-
cal organic chemistry comes from his academic train-
ing. In 1893 he entered the Central Technical College
of the City and Guilds Institute in London to embark
upon his chemical training. There he came under the
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influence of Henry Edward Armstrong (1848-1937), an
iconoclastic teacher and researcher. Armstrong, an or-
ganic chemist, is best remembered for his centric for-
mula for benzene; but he also did significant work on

T. M. Lowry

the stereochemistry of natural products and chemical
crystallography. Armstrong was one of the first to cross
the traditional boundaries between physical and organic
chemistry. On his graduation in 1896 Lowry became
Armstrong’s assistant and remained so until 1913. Dur-
ing this period he obtained his D.Sc. degree (1899) and
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taught himself physical chemistry (4). He held a series
of teaching positions in this period which culminated in
1912 in a Lectureship in Chemistry at the Guy’s Hospi-
tal Medical School. His reputation as an innovative re-
searcher led to his election as a Fellow of the Royal
Society (1914) and his promotion to the rank of Profes-
sor. In 1920 the newly created physical chemistry chair
at Cambridge was offered to Lowry, and he spent the
rest of his life at Cambridge. In summarizing his work
his biographers have written (3):

Lowry gained scientific eminence as a physical chem-
ist, and for the last twenty years of his life held one
of the senior professorships of physical chemistry in
England; but at the outset of his scientific career he
was an experimental organic chemist busily engaged
in elementary teaching. His early work in both these
directions deeply influenced his outlook throughout
his whole life, for his approach to physical chemis-
try was always that of the experimenter rather than
that of the theorist, possibly because his mathemati-
cal knowledge was limited, though in this direction
he was enthusiastic in stimulating the efforts of col-
laborators.

Lowry became one of the most enthusiastic advocates
of the Lewis-Langmuir theory. His original contribu-
tions to the field were to occur in the period only from
1923-1925, but his impact was to be long lasting.

The characterization of the electron by J. J.
Thomson of Cambridge University (1856-1940) in 1897,
as a fundamental sub-atomic particle in 1897 was fol-
lowed by initial speculations on the role of the electron
in chemical bonding. Thomson’s first paper on the sub-
ject appeared in 1904, but it seemed to have had little
impact on the British chemical community. Thomson’s
conception of bonding was a modern revival of
Berzelius’s dualism. His ideas were enthusiastically
adopted by a group of American organic chemists who
attempted to explain chemical properties as well as re-
action mechanism based upon the Thomson model. This
American effort was doomed to failure and would in
turn in the United States retard the adoption of the newer
ideas developed by the American chemists G. N. Lewis
(1875-1946 in 1916 and Irving Langmuir (1881-1957)
in 1919. American organic chemists with a few excep-
tions such as James B. Conant (1893-1978) and Howard
Lucas (1885-1963), did not get involved in the applica-
tion of Lewis-Langmuir theory. British chemists who
had not been bruised by the battles fought earlier in
America were far more receptive to new ideas.

Lowry’s interest in the Lewis-Langmuir theory be-
gan sometime after 1921. Langmuir had spoken at length
on his octet theory at the 1921 British Association for

the Advancement of Science meeting in Edinburgh. J.J.
Thomson had over the years modified his views from a
strictly electropolar approach to accommodate electron
sharing and covalence. These ideas were to appear in
papers in 1907 (5), 1914 (6), and in 1921 (7). Thomson
could not envision bonding as a gradation of the extent
of electron pair sharing. To him polar and nonpolar bonds
were distinctly different. Lowry’s first contribution to
the electronic theory occurred in 1922, when he read a
paper before the Faraday Society on November 20, en-
titled “The Electronic Theory of Valency. Part I. Intramo-
lecular Ionization” (8). This paper appeared in the Feb-
ruary, 1923, issue of the Transactions of the Faraday
Society. Most of the paper is devoted to examples from
inorganic chemistry, with a few examples from organic
chemistry. The key premise is that “a condition of in-
tramolecular ionization exists in a large number of com-
pounds, where nothing of the sort has been suspected
previously” (8). With respect to amine oxides Lowry
writes (8):

It therefore really looks as if the obvious method of
representing this compound; as one in which the oxy-
gen is linked to the nitrogen by a mixed double bond,
including one covalency and one electrovalency, thus
may perhaps be novel.

C6H5\ + - CgH -
C2H57N_O or C2H57N”“O
CHj; CH;

Lowry suggested this structure in response to that pos-
tulated by-Langmuir for amine oxides (8):

Langmuir states definitely that in this compound the
nitrogen is quadricovalent, and it is entirely unnec-
essary to assume a quinquivalent nitrogen. It is diffi-
cult to believe that Langmuir can have overlooked
the fact that in this system the nitrogen atom is posi-
tively charged (and thereby converted into a kation),
whilst the oxygen is negatively charged, and so con-
verted into a bound anion.

On November 27, 1922, shortly after the Faraday Soci-
ety meeting paper, Lowry wrote to G.N. Lewis. The let-
ter was an acknowledgment by Lowry of reprints of re-
cent work by Lewis. Plans to confirm a visit by Lewis
to England in the summer of 1923 were also included.
The post-script is the most important part of the letter
and is reproduced below (9):

I should be interested to know your opinion in refer-
ence to Langmuir’s electronic formula for N,. My
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own view is that it is an anomaly for which I cannot
find any sufficient justification; and I certainly pre-
fer the interpretation which you gave in your 1916
paper. I have also been interested myself in the dis-
covery of electric charges on the atoms in the elec-
tronic formulae of quite a lot of simple compounds,
e.g. methylethylaniline oxide.

CHy—N—0
/
CoHs

All this appears very obvious, but I cannot find that
it has been published before, and it certainly leads to
some interesting results both in inorganic and in or-
ganic chemistry.

Lewis in his own hand wrote the following structure:

R
R :N: :O:
R

; Neville Sidgwick (1873-1952) in 1927 was to de-
' scribe the bonding in amine oxides as a coordinate co-
valent (or dative) bond. He writes “this is the semi-po-
lar link of Lowry and others which is written

Z_g or A—B (10). Lowry never used the terms

“coordinate” or “dative” in his writings.

Langmuir had presented a rather odd structure for
the nitrogen molecule in his 1919 paper “Arrangement
of Electrons in Atoms and Molecules” (11). Seeking to
use the Lewis cubical atom, he presented the structure
shown below, in which an electron pair is embedded in
the octet that surrounds the two nitrogen atoms in order
to accommodate the 10 electrons of the two nitrogen
atoms. This in essence was a quadruple bond.

f Lewis had realized in 1916, that using the cubical
’ atom concept would make it impossible to represent
triple bonds or to show the concept of free rotation, a
basic tenet of stereochemistry. He states (12):

B e B T T T T S RS

On the other hand, the group of eight electrons in
which the pairs are symmetrically placed about the
center gives identically the model of the tetrahedral
carbon atom which has been of such single utility
throughout the whole of organic chemistry.

Thus in N, there are three bonds, the maximum number
Lewis believed could exist, and he represented the mol-
ecule as :N::N: .

Langmuir seemed never to have mastered the diffi-
culties and problems of using the cubical atom in more
complex situations in organic chemistry. His 1919 pa-
per is replete with attempts to use the cubical atom in-
stead of dot formulas to represent structures. Lowry
was adept enough at this point to see that by using the
electron-pair and octet concepts it was not possible to
write a formula for amine oxides without formal posi-
tive and negative charges. Lewis never adopted Lowry’s
suggestion, although he comments in his 1923 mono-
graph on “Valence and the Structure of Atoms and Mol-
ecules” as follows (13):

Presumably such a substance as amine oxide is there-
fore considerably polarized.

Lewis was probably loathe to use signs because it would
look like a revival of the electropolar theories he had so
thoroughly discredited. Lowry’s representation of amine
oxides is, of course, used in all textbooks today.

Over the next few months Lowry extended his ideas
on the electronic interpretation of multiple bonds in or-
ganic compounds. These were to become his most sig-
nificant contribution. In a letter dated January 3, 1923,
to Lewis, Lowry set forth his ideas on the nature of these
bonds. Before giving his rationalization for multiple
bonds he returned to the problem of formal charges in
amine oxides (14).

If so, you will see that the electric charges that I have
postulated are arrived at by dividing equally between
the two atoms the duplet which constitutes the bond
been the oxygen and nitrogen in the amine oxides.
The mere balancing of the electrons against the
nuclear charges then gives evidence of an excess or a
deficiency of electrons on the individual atoms.

With regard to multiple bonds he states the following
(14):

As regards the formula for N,, I am inclining more
and more towards the view that unsaturation nearly
always means the presence of electrovalencies, usu-
ally in the form of a ‘mixed’ double or triple bond
containing at least one valency of each type. Thus
the unsaturation of ethylene and acetylene can be
ascribed to the association of one electrovalency with
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one or two covalencies, respectively, as in cp,—cH,

and EPF=CI;2- On the other hand, the saturated

character of O, and N, would be ascribed to the pres-
ence of double and triple covalencies.

Lewis in his structure for ethylene which he presented
in 1916 has two formulas: H:C::C:H and H:C:C:H. In
a cryptic note Lewis writes, “I shall postpone a discus-
sion of the important bearing of such formulae upon the
problem of the conjugate bond” (15). Unfortunately this
seemed to have been a permanent postponement! Cer-
tainly Lowry’s conception was different from Lewis’ as
to the nature of the double bond.

Who were some of the persons and the ideas that
influenced Lowry to produce his “novel”.conception of
unsaturation? Certainly J.J. Thomson was one. On Janu-
ary 6,1923, Lowry wrote to Thomson the following con-
cerning a lecture Thomson had recently given in which
he discussed the electronic nature of unsaturation and
conjugation. Thomson presented a model in which the
reactivity of the double bond was the result of dividing
the bond equally, in essence producing a septet at each
carbon atom. Thomson used the cubic model of Lewis
to show how this happened (16).

I was interested to hear your references to conjugated
compounds in your lecture on Thursday morning.
There are two possibilities as regards the opening of
the hinge between two doubly bound carbon atoms.
I think your scheme involved the formation of two
septets: but I have been following up the alternative
hypothesis that one carbon atom takes both electrons
giving rise to an octet and a sextet. This makes the
alternate atoms positively and negatively charged so
that the formula for butadiene becomes
+ - + -
CH,—CH—CH—CHj,

J. J. Thomson in reply seemed to accept this idea of
Lowry as a possible electronic interpretation of the
double bond. This is one of the earliest known examples
of what became known as the electromeric effect.
Another important influence was the work of
Johannes Thiele (1865-1918). Thiele, as distinct from
most German organic chemists of his time, was very
much interested in the theory of organic reactions. In
1899 he proposed his theory of partial valencies to ex-
plain the phenomenon of conjugation and the apparently
anomalous chemistry that results. All atoms had inher-
ently some residual affinity for reaction, according to
Thiele. Thus in butadiene the inner two carbon bonds

became saturated from the residual affinity on C, and
C,, leaving partial valencies on the terminal carbons to
produce enhanced reactivity

CH,=CH—-CH=CHj, CH,=CH—CH—CH

: A

Hugo Kaufmann (1870-?) in a 1908 paper in the
Physikalische Zeitshrift (17) interpreted Thiele’s theory
in terms of the electron theory of valence. He argued
that valence was divisible and that the lines of force as-
sociated with the electron were divided among three at-
oms. Thus although three atoms A ,A, and A, shared a
pair of electrons to form a bond, the valence was dis-
tributed over three atoms.

A2
el : \A
A | 3
(after Stranges, Ref. 2)

Kauffmann’s electronic structures bear strong similari-
ties to those of Thiele. His dashed and dotted lines were
equivalent to an electron bond in the former and a par-
tial bond in the latter. To explain the reactivity of unsat-
urated molecules which was not obvious from the struc-
tural formula, Kaufmann proposed that in these systems
there were more numerous lines of force more widely
extended out in space, thus creating enhanced reactiv-
ity. Kauffmann’s interpretation did not seem in retro-
spect to elicit much support or use in the chemical com-
munity. It was only a small step for Lowry to translate
the formula of butadiene of Thiele to the one he pro-
posed to J. J. Thomson.

In a paper received on March 14, 1923, by the
Chemical Society and appearing in the April, 1923 is-
sue, Lowry expanded on his view of the double bond in
organic chemistry. The paper opens as follows (18):

The object of this paper is to suggest that, whilst a
single bond may be either a covalency or an electro-
valency, a double bond in organic chemistry usually
reacts as if it contained one covalency and one elec-
trovalency. Acetaldehyde is therefore written as

+ - + -
CH;—CH—O and ethylene as CH,—CH,

Bonds of this character are described as mixed double
bonds.... Each (-) sign then indicates an excess of one
planetary electron above the net nuclear charge, and
each (+) sign a deficit of one electron.

According to Lowry an electrovalency enhanced the
reactivity of any substance, regardless of the elements.

_
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The enhanced reactivity of double bonds versus single
bonds is the result of the mixed bond in the former.
Thiele’s ideas of partial valencies are easily translatable
on an electronic basis by using the mixed bond:

The superposition of an electrovalency on a cova-
lency therefore provides a convenient explanation of the
subdivision of affinity, which Thiele indicated by dot-
ted lines in unsaturated groups such as

c=c.¢=0. or c=x

[ L
. L]

These may be written as C=C, C=0, and C=N, where
oxygen and nitrogen are usually negative relatively to
carbon, and oxygen relatively to nitrogen.

Perhaps the most important insight Lowry had in
this paper deals with conjugated compounds. These were
the subject of much theoretical speculation in the 1920’s
by the British chemists Arthur Lapworth (1872-1941),
Robert Robinson (1886-1974), and Christopher Ingold
(1893-1970) (18):

Crotonaldehyde and butadiene are formulated as
+ — + = + - + -

CH;—CH-CH-CH—0 and CH,—CH—CH,—CH,
It will be seen that under this scheme the distinction
between single and double bonds in a conjugated sys-

tem disappears completely. There is therefore no
longer any need to postulate a wandering of the
double bond when butadiene is brominated, since the
central double bond is already in position.

From our present perspective we could read into this
statement the concepts of mesomerism as well as
electromerism. These would become part of the system
of tautomeric effects involving polarization and polar-
izability that Ingold was to develop beginning in 1926.
Similarly Lowry’s explanation of the structure of the
ions of carboxylic acids is very much as used today. For
example in sodium formate “The distinction between
the single and double bonds disappears, just as in the
case of conjugation” (18).
+ /Q +
CH\(,) Na

Other applications were made by Lowry by using
the mixed bond which were to lead to controversy.
Lowry firmly believed that there were formal charges
in the systems he discussed and he compared his + sign
as the same as that used in compounds such as sodium
chloride. Statements of this kind were bound to cause
Lowry problems. Samuel Sugden (1892-1950) of
Birkbeck College, London, almost immediately called

Lowry to task in a short note received by the Journal of
the Chemical Society on June 21, 1923, entitled “Elec-
tron Valency Theory and Stereochemistry” (19). Sugden
points out that Lowry’s conception of the double bond
would lead to free rotation and the lack of geometrical
isomerism. Lowry quickly replied on July 10, 1923 and
this followed Sugden’s note (20):

In reading my paper on ‘The Polarity of Double
Bonds’ I laid considerable stress on the fact that the
formulae there set out represented the reactions of
the various compounds rather than the resting-states
of the molecules. The metaphor used was that these
formulae represented ‘the dog standing up and bark-
ing’ and that he might assume a very different atti-
tude ‘when curled up and at rest.’

In some cases such as the amine oxides there is no dis-
tinction between the ground and activated states. Lowry
implied that the mixed double bond is only operative in
the activated state and until a molecule is activated or-
dinary considerations will apply. The use of the + signs
by Lowry and his qualification in this reply to Sugden
created confusion. Lowry recalled in a letter dated May
9, 1935, to William Albert Noyes (1857-1941) of the
University of Illinois (21):

These proposals met with such fierce opposition that
for some years it was unwise to write a + or - sign on
the blackboard of the Chemical Society for fear of
open ridicule by Ingold and others.

In the midst of writing these papers Lowry was organiz-
ing what was to become a landmark conference in the
application of electronic theory to organic chemistry. A
two-day meeting on July 13-14, 1923 was held at Cam-
bridge under the auspices of The Faraday Society. The
symposium entitled “The Electronic Theory of Valency”
consisted of three sessions. G. N. Lewis gave the intro-
ductory address entitled “Valence and the Electron” (22). .
Among those attending were J.J. Thomson, William
Bragg, William Albert Noyes, Arthur Lapworth, Robert
Robinson, R. G. W. Norrish, Jocelyn Thorpe, Ian
Heilbron, George Norman Burkhardt, and Bernard
Flurscheim. Many of these were already the leaders or
soon to be leaders in British organic chemistry. In par-
ticular Lapworth and Robinson had been very active in
the area under discussion.

Lowry presented the introductory address to the
second part of the symposium which dealt with applica-
tions to organic chemistry. Lowry defended his concept
of the mixed bond as a convenient way to explain the
reactions but probably not the structure of a variety of
unsaturated compounds and conjugated systems (23):

_
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For good or evil, it possesses one feature which dis-
tinguishes it from some other electronic theories.
Thus, although it was definitely suggested by and is
firmly based upon the electronic theory of valency, it
is capable of being expressed by familiar symbols,
the meaning of which is readily grasped by all chem-
ists. It therefore presents a specially easy target for
criticism, of which it has received at least a full share.
These criticisms appear to me to have done no dam-
age to the target; and, whilst questions may be raised
as to the conditions under which the structure that I
have discussed is developed, I am confident that the
mixed double bond represents a real alternative to
the well-recognised double covalency.

Lowry’s original contributions to the symposium were
two papers: “Intramolecular Ionisation in Organic Com-
pounds” (24) and “The Transmission of Chemical Af-
finity By Single Bonds” (25). In the former he presented
evidence showing that a polar catalyst is required to
cause ethylene to react with bromine which was in line
with the idea of an activated double bond being a mixed
bond. In the latter paper he addressed the question of
the types of valency and methods for the transmission
of these. All the papers presented at the symposium,
including the discussion that ensued, were printed in The
Transactions of The Faraday Society.

In many of the papers and the discussions which
followed exception was taken to Lowry’s interpretation
of the double bond. Lowry proposed that the mixed bond
has to be thought of in the context of the problem of
structure and reactivity. In the ground state the electron
pair will be equally shared, but during the reactive phase
there may be an ionization of the bond to produce the
mixed bond. Lowry stated (26):

At the end of the discussion I am still convinced that
the mixed double bond, in which one of the links has
been completely ionised, really exists and plays an
important part in many branches of organic chemis-

try.

At this point it would be instructive to compare the ideas
of Lowry with those of Robinson, who was also ini-
tially influenced by Thiele’s residual affinities concept
as well as by the alternating polarities of his colleague
Arthur Lapworth. In a 1922 paper written in collabora-
tion with William O. Kermack (1898-1970) entitled “An
Explanation of the Property of Induced Polarity of At-
oms and an Interpretation of the Theory of Partial Va-
lencies on an Electronic Basis” (27), the attempt was
made to translate Thiele’s and Lapworth’s ideas by us-
ing Lewis-Langmuir theory. In discussing the reactions
of conjugated systems Kermack and Robinson produced
the concept of the mobility of the octet in response to

some internal or external agent. This would lead to an
alternation of polarities represented by + and - signs.
These signs were not to be taken in the same light as
Lowry’s. For example, allyl chloride could be repre-
sented in the following way (27):

H H H _
es o oo ., + - 4+
:cl: C :C: . (C) CH, CH CH,
G "

Here the stable octet surrounding the chlorine atom
produces an unstable system about the adjacent carbon
atom, and therefore the formation of a stable system in
the CH group is facilitated by the aid of two of the elec-
trons held in common with the second unsaturated car-
bon atom. It is accordingly quite natural that the prod-
uct of the addition of H Br is trimethylene chlorobromide
Cl-CH,-CH,-CH,Br.

In discussing chemistry of conjugated systems such
as hexatriene, Kermack and Robinson chose the follow-
ing representation by incorporating the curved arrow:

~ —

SH,{ CH: CH:CH:CH: CHy
;Y "

Robinson’s view of multiple bonds was far more
general than that of Lowry. He viewed the enhanced
reactivity in terms of the mobility of the octet, not an
implicit electrovalency. For this and other reasons
Robinson proved to be far more successful. Colin
Russell, in his classic study of valence, best summa-
rizes the contributions made by Robinson and Lowry;
(28):

Thus the covalent bond was no longer conceived as
arigid entity with two electrons symmetrically shared
between the atoms. A molecule was subject to strains
and stresses unimagined twenty years previously, and
the valency bonds were more dynamic than static,
responding to the demand of a reagent to assist a re-
action. ’

Lowry’s involvement with further developments in the
electronic theory of valency after 1923 was to be pe-
ripheral in nature. In a brief paper published in the Philo-
sophical Magazine in 1924 entitled “The Origin of Acid-
ity,” he stated his definition of acidity as follows (29):

An acid may be defined as a hydride from which a
proton can be detached, e.g. on dissolution in an ion-
izing solvent, on electrolysis, or by displacement by
a metallic ion.

To explain the order of acidity in the series CH,, NH,,
OH,, and HF, Lowry adopted ideas from the Bohr model

S s e e e A 5.
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of the atom. He invoked the idea that the electrons in a
molecule are in what he called looped orbits which ex-
ecute a figure eight between the nuclei in a molecule. In
molecules like methane the loops are for removed from
the nucleus. There is little probability of repulsion be-
tween electrons in these orbits and thus the chances of
losing a hydrogen as a proton are minimal. However in
hydrogen fluoride for example (29):

...the much smaller loops in which the proton of hy-
drogen fluoride is held must bring it nearer to the
nucleus, and may easily bring it so near that it can be
driven outside the loop by the strong repulsion to
which it is subjected.

In order to explain the transmission of acidity through a
carbon chain, such as in halogenated aliphatic carboxy-
lic acids, the suggestion was made by Lowry that atoms
like chlorine tend to change the size of the orbits of the
electrons they share with other atoms. Thus in a dy-
namic way this will cause alterations of properties along
a chain whose effect will diminish with distance. Groups
that enhance basicity will function in the opposite man-
ner. These novel suggestions indicated the way that
Lowry, essentially a product of the nineteenth century,
so eagerly embraced new ideas.

Although few chemists were to adopt Lowry’s con-
cepts of the mixed or semi-polar bond, his faith in these
ideas persisted through 1925. For example, in a discus-
sion at the British Association meeting in Southhampton
on September 1, 1925, devoted to “The Alternating Ef-
fect in Carbon Chains,” Lowry offered what he believed
was new evidence for his views (30). Sugden had de-
veloped a concept in 1924 (31) called the parachor, a
measurement of molecular volume by use of surface ten-
sion, density measurements of liquid and vapor phases,
and molecular weight [P = M 1/4]. Parachor measure-
ments, according to Lowry, were inconsistent with a
nonpolar double bond in such systems as nitro, for ex-
ample. There must be a nonpolar as well as a polar bond,
and a group such as the sulfoxide contains only a polar
bond.

In 1925 Phillips reported resolution of the com-
pound ethyl toluenesulfinate into a pair of enantiomers.
Lowry saw in this report conclusive evidence for the
semipolar bond. As Lowry stated, the S=0 bond in these
compounds must be semipolar since only when repre-
sented by the symbol

+ -
S—O

could the existence of optical activity be possible.

Sugden’s measurement of the parachor for this com-

pound also offered additional evidence for the semipolar

)

bond. Sugden’s parachor was succeeded by more so-
phisticated physical measurements; indeed, the optical
activity of the sulfinates is based on an entirely differ-
ent explanation. Nevertheless, Lowry certainly tried to
use all the experimental evidence of his day to validate
his ideas.

To his credit, Lowry was one of the few university
lecturers in Britain in the 1920’s who dealt with the elec-
tronic theories of valency in his courses. His student W.
A. Waters reminisced (32):

At Cambridge in my time (1923) he gave a wide set
of lectures on recent theories of atomic and molecu-
lar structure, following Bohr, Lewis, and Langmuir,
choosing his examples as much from organic as from
inorganic chemistry, and giving the early spectro-
scopic evidence that led to the quantum theory of
atomic and molecular orbitals.

Although Lowry’s contributions to the electronic theory
of valency may be considered only as a footnote to the
work of others, through his prestige he certainly was
influential in setting the state for the remarkable devel-
opments that occurred in Britain in the era between 1919-
1939.
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the vengeful Gods left it for all to see!
— Pierre Laszlo

Letter to the Editor

In Nos 15/16 of the Bulletin, the paper by Pierre Laszlo “Georges Darzens (1857-
1954): Inventor and Iconoclast” pages 59-64 was marred by a most unfortunate edito-
rial addition: at no time in its history was the Ecole polytechnique headed by a German
general! Even though this horrible mistake was corrected on the proofs, Mr. Murphy or
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THE DOCTORAL THESES OF PIERRE
ADOLPHE BOBIERRE (1823-1881)

John T. Stock, University of Connecticut

Apart from his birth on May 7, 1823, information con-
cerning Bobierre’s early life seems to be lacking (1, 2).
In 1843 he was “Préparateur de Chimie” in I’Ecole
Primaire Supérieure in Paris. In the following year he
filled a similar position in the Faculty of Medicine, un-
der the direction of Jean Baptiste André Dumas (1800-
1884). Bobierre obtained a diploma as “Pharmicien” in
Marseilles in 1846; the route into chemistry by way of
pharmacy was not uncommon at that time. By 1848 he
was in Nantes and eventually died there on October 20,
1881, after a productive and varied scientific career. He
appears to have attained recognition early; when he ob-
tained his licencié es sciences in 1853 he had already
written a number of papers as well as several books (3-
5). After the appearance of the book on fertilizers (4),
Dumas, who was then Minister of Agriculture, asked
Bobierre to reorganize the control of these commodi-
ties. A law aimed at the suppression of their fraudulent
sale was passed in 1867.

Bobierre became examiner of fertilizers in 1850.
Finding that Nantes was lacking in the teaching of sci-
ence, he started a course on chemistry, receiving no pay.
When the Nantes School of Sciences was founded in
1855, he was appointed to the chair of chemistry and
occupied this to the end of his life.

Bobierre was obviously well respected during his
lifetime; he was awarded the French Cross of the Le-
gion of Honor and received several foreign decorations
(2). However, although he was active in Nantes for many
years, this town, its university, and the Bibliothéque
Interuniversitaire in Nancy have no record of a portrait
of him.

Figure 1 shows the title page of Bobierre’s doc-
toral theses. These were approved in the summer of 1858,
when he was 35 years old (6). By then he was well es-
tablished in both scientific and government circles.
Dumas, the President of the examining board, was a
powerful public figure and, as an internationally famous
scientist, had received the Royal Society’s Copley Medal
in 1843. The examiners were César Mansuete Despretz
(1789-1863), a celebrated physicist who was President
of the Académie des Sciences in 1858, and Antoine
Jerome Balard (1802-1876). Balard, most remembered
for his discovery of bromine in 1826, began his profes-
sional life at the age of 17 as a laboratory boy at the
Faculté des Sciences in Montpellier. From 1851 until
his death, he was Professor in the Collége de France,
Paris.

The longer of the two theses is devoted to “Phys-
ics” and carries the subtitle “Electrochemical phenom-
ena which characterize the alteration, in the sea, of al-
loys used to sheath ships” (7). However, this thesis de-
scribes many analytical methods which have no direct
connection with electrochemistry. In fact, the document
is particularly valuable because it provides an excellent
overview of the state of French analytical chemistry in
the mid 1850’s. The subtitle of the much shorter “Chem-
istry” thesis is “Observations relating to agriculture in
the West of France” (8). A number of short accounts of
agricultural chemistry are given.

Because he was the official examiner of fertilizers,
it is not surprising that Bobierre should choose to deal
with topics related to agriculture. However, his “Phys-
ics” thesis and related publications give no clue as to
how he became involved in the completely different and
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highly specialized study of metallic corrosion. Bio-
graphical (1) and obituary (2) notices do not mention
this study.

Although Bobierre had published accounts of the
material in his theses, these documents make almost no
reference to them. In fact, referencing is minimal; often
merely a name (e.g., “Davy”) is all that is given. It is
hoped that the references

Because it had been shown that some samples of
impure copper performed better than the pure metal, the
making of deliberate additions to copper was obvious.
Thus the copper-tin alloy, bronze, came into use as a
sheathing material. Bronze is harder than copper and
consequently more difficult to fabricate.

Bobierre surveyed the reports of trials, made in the

1830’s, on ships that

found before writing the
present account are the

ones that Bobierre had in N+ D'ORDRE,

were sheathed partly
with copper, partly with
bronze. Results varied,
but the loss in weight of

mind_ s,
Nyt

Bobierre’s “Phys-
ics” theme was a study of
the causes of deteriora-
tion in sea water of the
metallic sheathing of
ships (9-12). Apparently
the protection of the hulls
of vessels by covering
with metal plates goes
back to ancient times.
Copper sheathing came
into use in the late 18th

THESES

PRESEXTEES

A LA FACULTE DES SCIENCES DE PARIS

‘POTR OBTENIR

" LE GRADE DE DOCTEUR ES-SCIENCES,

Fiz ADOLPHE BOBIERRE,

PROFESSEUR DE CHIMIE A L'COLE PREPARATOIRE DES SCIENCES DE NANTES.

THESE DE PHYSIQUE. — DES PHENOMENES ELECTRO - CBINIQUES QU1
CARACTERISENT L'ALTERATION, A LA MER, DES ALLIAGES BXPLOYES POUR

DOUBLER LES NAVIRES.
THESE BE CHIMIE. — OBSERVATIONS RELATIVES A L'AGRICULTURE DR L’OUEST

copper sheathing tended
to be about twice that un-
dergone by bronze. He
then began the detailed
examination of the
bronze sheathing of vari-
ous ships; one of these
was the Sarah, the sub-
ject of a later re-exami-
nation. The sheathing of
this ship, installed in
1849, became perforated

century. Variability of at-
tack under sailing condi-
tions was a problem.

Commercial copper was MM DUMAS,
usually impure, but the e
use of high-purity metal
was no guarantee of long

DE Li FRANCE. ——

Soutenues lef Juiliet 1858 devant la Commission d'examen.
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and had to be replaced
about a year later. Dam-
age was not uniform;
some plates were not at-
tacked at all. He backed
up his visual examination
by chemical analyses,

Président.

life. finding that the Sarah’s
Sir Humphry Davy sheathing contained an
gave much time to this average of 3.1% of tin.
NANTES

problem, using as a rem-
edy a small sacrificial
anode of zinc or iron (13-
15). This alleviated attack

IMPRIMERIE WILLIAM BUSSEUIL
Rue Sentewil, X* 8.

1858.

Bobierre surveyed
existing methods before
choosing his own ap-
proach. He considered

on the plates but, unfor-
tunately, induced the for-
mation on them of a cal-
cium-magnesium carbonate film which provided anchor-
age for seaweed, barnacles, and the like.

A study published in 1841 concerned the durability
of the sheathing on four ships (16). All were sheathed
with copper containing approximately 0.5 per cent of
impurities. In two cases, this sheathing proved to be very
durable; in the others, attack was severe. Yet chemical
analyses of the sheathings gave no clue as to the causes
of the differing performances. Factors such as differing
voyaging conditions were considered. The report sug-
gested that ships, each with the two sides carrying dif-
ferent kinds of copper, should be sent to sea, so that the
more durable material could be selected.

Figure 1 Title page of Bobierre’s theses

the determination of tin
by Sobrero’s method, in
which tin is volatilized in
a stream of chlorine (17). Bobierre found problems in
addition to the splashing of copper chloride and resorted
to classical methods, which he refined. :
The weighed sample is attacked with a slight ex-
cess of nitric acid. After dilution and filtration, any lead
in the filtrate is determined by precipitation as the sul-
fate. The residue, principally metastannic acid, is ignited
and weighed. The residue, which also contains any ar-
senic from the alloy, is heated in a stream of hydrogen,
so that the volatile arsine can be decomposed to yield a
deposit of arsenic that could be compared with standards.
Bobierre drew up a table of conclusions drawn from
the visual and analytical examination of the sheathings
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used for various vessels. Although good performances
had been observed with bronzes containing approxi-
mately 5% of tin, he pointed out that his conclusion was
a generality. He found that attack, more noticeable at
the water line, was greater near the prow of the vessel
than near the stern. Obviously, sampling could not be
confined to a single location.

He realized that electrochemical attack could be in-
duced if the sheathing was not of

cause the precipitate of cuprous sulfide, obtained by the
action of “hyposulphite de soude” (sodium thiosulfate),
required lengthy washing on the filter. In a method de-
scribed by Louis Edmond Rivot (1820-1869) and Jean
Jacques Bouquet (1827-1909), copper oxide is precipi-
tated by the addition of potassium hydroxide. The fil-
trate is slightly acidified; then zinc is precipitated by
means of sodium carbonate. Bobierre found that the re-

uniform composition. He
sampled bronze ingots of various
copper:tin ratios, finding that the
percentage of tin was greater at
the surface of an ingot than in its
center. The likelihood of homo-
geneity diminished as the aver-
age percentage of tin deviated
from 5.5. Further, a bronze con-
taining this percentage of tin
proved to be very suitable for
sheathing.

Bobierre had previously
published his observations con-

cerning the sheathing troubles of
the ship Sarah (9). Obtaining a
sample of the new sheathing that
had been applied in 1852, he pre-

7
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dicted that this sheathing would
prove to be unsatisfactory. He
deposited this prediction as a
sealed letter to the Academy of Sciences (18). When the
ship returned to France less than two years later, the
sheathing was found to be in poor condition.

Bobierre then turned to sheathings of the copper-
zinc alloy, brass, commenting that “....although relatively
less durable than bronze or copper, they were in general
use.” (7) The performances of brass sheathings varied
considerably, so Bobierre directed his attention to meth-
ods for the analysis of samples of new and of seaworn
brass sheathing. Methods for the detection or determi-
nation of lead, arsenic, and iron were similar to those
used for the bronze samples. Several methods for the
separation of copper from zinc were surveyed. In the
precipitation of copper by hydrogen sulfide or potas-
sium sulfide, some zinc coprecipitated with copper sul-
fide, as had already been pointed out by Rivot and
Bouquet (19). Titration, in hot ammoniacal medium, of
copper with sodium sulfide solution had been described
by Theophile Jules Pelouze (1807-1867) (20). However,
for the analysis of brass, a difficult filtration of the eas-
ily-oxidized 5CuS.CuO precipitate is required if zinc is
to be determined (19).

Bobierre found that Flajolot’s method (21) gave
good results when used skillfully. He rejected this be-

Figure 2

Apparatus for the analysis of brasses

sults for copper tended to be high.

Heating in a stream of hydrogen had been used for
selective reduction in mixtures of metallic oxides (22).
This principle had been adapted for the analysis of brass
and bronze (23). Bobierre found that the results for zinc
tended to be high. He next examined an oxidative titra-
tion method for the determination of copper (24). Cop-
per in the solution from the sample is reduced to the
cuprous state by sodium sulfite. After acidification and
boiling to destroy excess sulfite, the solution is titrated
with permanganate solution. He passed over this method
because of variable results such as can arise from re-
sidual traces of sulfurous or nitric acids.

Bobierre next considered the loss-in-weight method
used for the assay of brass coinage. Repeated furnace
heatings were involved, the aim being to drive off zinc.
For his purpose, the method was doubly objectionable.
First, if lead is present, it is only partially volatilized.
Second, the furnaces of the mint assayer were not avail-
able to the general analyst. However, the principle of
selective metal volatilization appealed to Bobierre, who
set about to devise a suitable method. This involved the
strong heating of a weighed brass sample in a stream of
hydrogen, when zinc and any lead are driven off, while
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any iron or tin remains with the copper. This is obtained
and weighed as a spheroidal button at the end of the
operation.

The apparatus is shown in Figure 2. Hydrogen, gen-
erated in A, is demisted in B and dried by passage
through calcium chloride tower C. The gas then flows
through porcelain tube D, which is heated to redness.
This tube contains a carbon boat into which the sample
has been weighed. When the issue of white vapor from
tube E appears to have stopped, disk F, which is cov-
ered with black velvet, is placed near the exit. If the
velvet remains unmarked, heating is stopped and the
metal button is weighed when cool. The results quoted
by Bobierre indicate that the weights of the buttons thus
obtained were within approximately 2-3% of the ex-
pected values.

From his 10 years of investigation of the behavior
of brass sheathings, Bobierre recognized three distinct

types:

1. The thickness of the sheathing diminished uni-
formly; neither the color nor the malleability changed
much. Such behavior was usual with sheathings con-
taining 30-34% of zinc.

2. Although there was little change in color, etc.,
local attack, often resulting in pitting, occurred.

3. Especially on the side exposed to the sea, the color
approached that of copper and the porosity was such
that finger pressure could cause fragmentation.

In other cases, otherwise satisfactory sheathing had be-
gun to lift away from the hull, because of the corrosion
of the brass retaining nails. These had contained more
zinc than the sheathing and consequently suffered an-
odic attack. With some sheathings that originally con-
tained 40% of zinc, the areas suffering the greatest at-
tack had lost much of this metal. This suggested that the
original material was not homogeneous and led Bobierre
to survey methods used

the melt is stirred before pouring. However, the first por-
tions rapidly solidify in the cool mold; but, in the slower
solidification of the remainder of this pouring, various
alloy phases may separate and thus lead to inhomoge-
neity, as Bobierre found.

Two processes were in use to convert ingots into
sheets. Hot lamination, taking 24 hours and requiring
only 5 heatings and 15 passes through the rolling mill,
was generally adopted for brasses containing about 40%
of zinc. A month was needed for cold lamination, which
involved 22 reheats and coolings, as well as 66 passes
through the rollers. This process was rarely used for 40%
zinc brasses. In hot-laminating brass of this composi-
tion volatilization of zinc, occurring in the furnace, could
be seen continuing during rolling. With brasses contain-
ing up to 20% of zinc, a black film of copper oxide
formed during heating. This film could break away dur-
ing rolling. Bobierre found that these effects were not
observed with the apparently stable brasses containing

vabove 20% to 33% of zinc.

Cold lamination gave a product more dense and of
higher zinc content than obtainable by the hot lamina-
tion of a similar ingot. Presumably molecular stabiliza-
tion and a higher density were induced by the numerous
rollings needed for cold lamination. The product was
found to be electronegative to one that had been hot lami-
nated. Although they may have similar compositions,
brasses from differing sources should not be used to
sheath a given vessel.

Bobierre concluded that brass with the atomic ratio
2Cu:Zn,; i.e., of zinc content close to 34%, was advanta-
geous in all respects. Insistence by sheathing contrac-
tors that the zinc content of the brass must not exceed
this figure provided a guarantee against the supply of
material that had been made by hot lamination, which
requires an alloy with a higher percentage of zinc. Phe-
nomena such as poor homogeneity in hot-laminated
brass could cause this to deteriorate in sea water.

Bobierre’s thesis on chemistry begins with a short
account of the analysis of sugarbeets from various

to manufacture brass
sheets.

Owing to volatil-
ization of zinc while
the brass is molten, a
resulting ingot may be-
come richer in copper
than expected from the
proportions of the met-

als taken. During trans-

port from the furnace to
ingot mold, zinc tends

to rise to the surface, so

Figure 3 Apparatus for the determination of ammonia liberated from guano
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sources (25). Prevailing belief was that the soils of the
Loire-Inferieure region were unsuited for sugar produc-
tion; he proved that this was not the case. Next follow a
few pages on the flooding of the Loire and the effect on
the composition of the water of this river. The great need
for storage and filtration of water destined for human
consumption is stressed.

Uncertainties as to quality, even adulteration, of the
then important fertilizer Peruvian guano greatly con-
cerned Bobierre. He needed a rapid method for the de-
termination of nitrogen (i.e., available ammonia) to
check such uncertainties. The apparatus (Figure 3) that
he developed for this purpose was based on a principle

ric acid solution. This is back titrated at the end of the
experiment. He calculated that a given sample had lost
4.3 mg of nitrogen. In a similar run in which one gram
of “animal black” had been mixed with the guano, no
loss of nitrogen was found.

In a further experiment, a sample of guano and an-
other admixed with one-third of its weight of “animal
black” were placed in a current of air for 10 days, being
exposed to sunlight as much as possible. The mixture
lost only 0.2% of nitrogen, while the loss from the addi-
tive-free guano was 2%.

Bobierre next reported on a rock-like fertilizer
termed “guano phosphatique” (28). He then examined

“animal black” in more detail, includ-

Criemy
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ing its use in the refining of syrups
(29). He found that the blackening of
the copper pipes leading to the filters
was caused by sulfur compounds, ei-
ther present in the “animal black” or
absorbed by it. Heating of the “black”
with hydrochloric acid, passage of the
liberated hydrogen sulfide into cop-
per sulfate solution, and the weigh-
ing of the precipitated copper sulfide
were used for quantitative studies.
After a comment on the solubil-
ity of calcium phosphate in sugar re-
finery residues (30), Bobierre got to
the final topic of his thesis. Here was
a direct agricultural problem that in-
volved actual growing trials. It en-
tailed a study of the release to grow-

Figure 4 Apparatus for the assessment of the loss of ammonia from guano

described by Eugéne Melchior Peligot (1811-1890) (26).
The weighed sample is mixed with finely-powdered
soda-lime and trapped between columns of the same but
coarser reagent. The tube is progressively heated, start-
ing from the end near the beak, when liberated ammo-
nia is driven into standard sulfuric acid solution in flask
F. When heating is discontinued, the beak is broken off
to prevent sucking back during cooling; and the excess
acid is back titrated.

Various additives had been proposed to minimize
the loss of ammonia from guano that is in contact with
air. Bobierre developed the apparatus shown in Figure
4 to demonstrate that “animal black” (presumably car-
bonized animal substances, or “animal charcoal”) was
effective for this purpose (27). Three grams of damp
guano are placed in vessel A, which is kept at 500 C in
a water bath. Outflow from aspirator B causes a fixed
volume of air to be drawn through drying tube C, Vessel
A, and flask F, which contains 10 cc of standard sulfu-

ing vegetation of nominally insoluble
phosphate. Laboratory experiments
showed that slow solubilization of
calcium phosphate can be brought about by a wide vari-
ety of salt solutions. The causes of the dissolution or
transformation of “insoluble” phosphate in soils ap-
peared to be very complex.

The treatment and scope of the topics in the “Chem-
istry” thesis are no more than might be expected of an
experienced agricultural scientist. However, the study
of the corrosion of the copper alloy sheathings on sea-
going ships marks Bobierre as an outstanding investi-
gator. Passing from a visual examination of the
sheathings to an extended survey of methods for their
analysis, he improved and developed such methods un-
til he could be sure of his results. He then transformed
himself into an industrial scientist-technologist, search-
ing for factors beyond gross composition that might
govern the performance of materials to be used for
sheathing. He examined foundry practice, looking for
causes of inhomogeneity during the casting of ingots.
These had to be rolled into sheets, suitable for sheath-
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ing; Bobierre showed that the procedure adopted had a
considerable bearing on the expected performance of
the resulting sheathing. Eventually, he was able to
specify the composition and manufacturing procedure
for sheathing which might be expected to have satisfac-
tory durability. This work is an excellent example of the
pursuit of a difficult project through all of its stages,
with perseverance until a satisfactory and doubtless tech-
nically valuable conclusion had been reached.
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OLD CHEMISTRIES

Alonzo Gray’s “Elements of Chemistry”

William D. Williams, Harding University

Many scientists have been inspired to pursue their ca-
reers by reading an old textbook when they were at a
very young age. A case in point is Charles Martin Hall
(1863-1914), who discovered the first practical, inex-
pensive method of producing aluminum. He began re-
search on this problem while still a student at Oberlin
College, OH. Working with homemade equipment in the
family woodshed, he found that molten cryolite would
dissolve aluminum oxide and that a carbon anode would
allow electrodeposition of metallic aluminum. On Feb-
ruary 23, 1886, at the age of 22, Hall produced the first
globules of aluminum by this method. Subsequent pat-
ents and founding of what became the Aluminum Com-
pany of America resulted in a new industry that has
touched every facet of modern life.

In 1911 Hall was presented the Perkin Medal for
his contributions in electrochemistry. His speech at that
occasion recalled his early study of chemistry (1):

My first knowledge of chemistry was gained as a
schoolboy at Oberlin Ohio, from reading a book on
chemistry which my father studied in college in the
forties. I still have the book, published in 1841. It is
minus the cover and the title page, so I do not know
the author. It may be interesting to see what this book,
published seventy years ago, says about aluminum:
“The metal may be obtained by heating chloride of
aluminum with potassium in a covered platinum or
porcelain crucible and dissolving out the salt with
water. As thus prepared it is a gray powder similar to
platinum, but when rubbed in a mortar exhibits dis-
tinctly metallic lustre. It fuses at a higher tempera-
ture than cast-iron and in this state is a conductor of
electricity but a non-conductor when cold.

Some Hall biographers mention the 1841 chemistry
book, but none has sought to identify it (2). After search-
ing through chemistry texts in use in the 1840s, the
present author has located Hall’s quotation in Elements
of Chemistry by Alonzo Gray (3).

Gray’s Elements of Chemistry undoubtedly influ-
enced many yonung students in addition to Charles Hall.
It went through forty “editions” from 1840 to 1858, with
a remarkable 28 “editions” in a two-year span, 1846 to
1848. Most of the “editions” were merely reprintings.
Only three differences in content and pagination are
found: 1840 (1st, 359 pp.), 1841 (2nd, 395 pp.), and
1848 (40th, 452 pp.). Contemporary John Griscom rec-
ommended the work as (4):

An exceedingly judicious arrangement of the facts
of Chemistry. Its consecutive order is lucid and logi-
cal. It indicates a mind accustomed to teach as well
as study. It seems to me to hold a happy medium
between the brevity which only obscures the sub-
ject, and the copious details of works too elaborate
and minute for the general student.

Little is known of the life of Alonzo Gray. Born in
Townsend, Vermont on 21 February 1808, he received
the A.B. in 1834 from Amherst and the A.M. in 1838
from Andover Theological Seminary, Andover, Mass.
From 1837 to 1843 he taught natural science, chemis-
try, botany, geology and mineralogy at Teacher’s Semi-
nary, a division of Phillips Academy, at Andover. Fol-
lowing the 1844-5 school year as professor of chemis-
try at Marietta College, the remainder of his career was
spent as headmaster of two schools in Brooklyn, NY:
Brooklyn Heights Female Academy and Brooklyn

—
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Heights Female Seminary. He died March 10, 1860, in
Brooklyn (5).

Gray’s Elements was one of several American texts
based upon that of British chemist Edward Turner’s El-
ements of Chemistry (6). Silliman’s American Journal
of Science noted this trend in its review of Gray’s book

@:

Unhappily for our reputation as advancers of science,
almost all the works on chemistry which have been
issued here have been written on the basis of some
foreign treatise. We hope the day is not far distant
when American chemists will take a high rank as
original investigators.

Gray acknowledged that his work was a compilation
from Webster, Liebig, Berzelius, and Griffin, in addi-
tion to Turner. He even listed page numbers in Turner
for further reading. He followed the same order as
Turner, but his judicious simplification of Turner’s in-
timidating treatise was a welcome contribution. A sec-
ond edition was issued within a year because of “the
rapid sale of the first edition and its introduction into
several colleges (8).”

The first sentence in the book, “Science is classi-
fied knowledge,” emphasized Gray’s philosophy of
teaching. Indeed, a very important attribute of the text
was its eye-catching outline format. A 14-page Table of
Contents provided a detailed outline of the entire book.
That same outline was accentuated in the body of the
text with numbers, headings, and frequent changes in
type. Experiments were described to illustrate almost
every topic—always in the same small type to make them
quickly recognizable. Likewise, special paragraphs on
“Theory” followed many sections. He encouraged the
use of chemical formulas as “the most efficient aid to
clear, definite, and easy comprehension of the whole
science (9).” Because he believed that teachers should
emphasize principles rather than details, he gave more
attention to a few very important nonmetals and the im-
ponderable agents (heat, light, and electricity). The re-
maining elements, compounds, organic chemistry, and
analytical chemistry were condensed to almost outline
form.

The only personal comments in the volume that
yield an insight into Gray’s personality were several brief
references to God as the “great and ultimate cause” of a
nature that is designed for the benefit of man (10). In
describing Hare’s compound blowpipe, Gray added a
footnote that inferred that he had experience using the
system (11). Under the topic, “Steam Artillery,” the same
argument was made for a war deterrent that has been
used about nuclear arms in our modern era (12):

A [steam] musket may be made to throw from one
hundred to a thousand balls per minute. It is greatly
to be hoped that this experiment will prove success-
ful; for, if such engines of death could be brought
into the field of battle, few nations would be willing
to settle their disputes in that way. Few would fight
in the prospect of certain death.

Gray wrote two other widely used texts as companion
works to his chemistry: Elements of Natural Philoso-
phy (1850-1875) and Elements of Geology (1853-1863,
with former classmate Charles B. Adams). His Elements
of Scientific and Practical Agriculture (1842) was one
of the earliest American books to promote agricultural
chemistry. Written for his class at Phillips Academy, it
was a critical digest of the work of European chemists,
in which the author urged the introduction of agricul-
ture as a branch of study in high schools (13). Gray ac-
knowledged the principle we now call photosynthesis
but disagreed with Liebig’s theory that plants derive all
their carbon from the air. Although the book gave spe-
cial thanks to Samuel L. Dana, it was already in press
before Dana’s Muck Manual for Farmers (14) was pub-
lished the same year.
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A MORRILL HALL FOR CHEMISTRY

Paul R. Jones, University of Michigan

Senator Justin Smith Morrill first introduced the “Agri-
cultural College Act” into the US House in 1857; after a
series of setbacks, the “Morrill Act” was finally approved
by close margins in both the House and Senate and sub-
mitted in 1859 to President Buchanan, who vetoed the
measure. When Senator Morrill re-introduced the bill
into the House in 1861, the Committee on Public Lands
recommended ‘that it not pass.” Once it had been soundly
supported in the Senate where it had been introduced
by Ohio Senator Wade, however, it was put before the
full House, which also passed the bill with a healthy
majority. The bill establishing the land-grant institu-
tions was finally signed into law by President Abraham
Lincoln on July 2, 1862.

In recognition of the Senator’s dedication to the
cause, he has been immortalized on thirteen land-grant
campuses through the naming of buildings. Often
Morrill Hall was the first or one of the very early build-
ings on the campus, and usually it housed agriculture.
The very first at Cornell University is an example. Only
one of the 13 buildings, however, was originally built
for Chemistry. Morrill Hall at Washington State Uni-
versity, Pullman, was erected in 1903-4, the fourth build-
ing on the campus, constructed of red brick with a ba-
salt foundation. No longer housing chemistry, the build-
ing was refurbished in 1981, its original wooden win-
dows being retained. '

Morrill Hall Chemistry Building, Washington State University, Pullman, WA, erected 1903-1904.
Photograph courtesy of Historical Photograph Collections, Washington State University Libraries
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THE YOUNG JOHANNES WISLICENUS

IN AMERICA

Paul R. Jones, University of Michigan

JOHANNES WISLICENUS
(1835-1902) was born in Klein-
Eichstedt near Halle, the eldest
son of Gustav, a Lutheran minis-
ter. He began his studies in chem-
istry at Halle under Professor
Wilhelm Heintz (1817-1880) in
1853 and resumed them between
1857 and 1859. He transferred to
Ziirich, where he earned his Dr.
Phil. under Georg Stideler in
1860. Only one year later he
made his Habilitation.
Wislicenus developed an impres-
sive professional careeras chem-
ist, educator, and administrator.
He was a chemistry faculty mem-
ber at the Technische Hochschule
(later Eidgenosische Technische
Hochschule) in Ziirich 1860-1864
and at the University of Ziirich
1864-1872, holding both positions
simultaneously for part of that
period. Then he moved to
Wiirzburg, where he remained

- 4%4:«2 |

Chemical Society of Britain.
Two of his sons earned doctoral
degrees in chemistry under his
tutelage: Wilhelm (1861-1922)
at Wiirzburg in 1885 and
Johannes (1867-1951) at Leipzig
in 1892. Two biographical ac-
counts of Wislicenus’ life were
written by chemists (1,2). A bio-
graphical sketch of Johannes by
his son Wilhelm (3) includes
some of the same information.
When this writer first be-
came aware of Wislicenus’ illus-
trious career as a chemist, he was
struck with the number of En-
glish-speaking students who
completed doctoral dissertations
under his direction at Wiirzburg
and Leipzig between 1878 and
1898 (4). It exceeds the num-
ber of any other German chem-
istry professor, including
Wohler, who was a popular
mentor a few decades earlier.

|

from 1872-1885, and finally to
Leipzig, from 1885 until his death in 1902. At both
Wiirzburg and Leipzig Wislicenus served as University
Rektor. He was instrumental in the founding of chemi-
cal societies in Ziirich, Wiirzburg, and Leipzig and
served as president of the Chemische Gesellschaft in
1889. In 1898 he was awarded the Davy Medal by the

Among his progeny was Will-
iam Henry Perkin, Jr., one of his biographers, who earned
his doctorate at Wiirzburg in 1882. An explanation was
sought for the apparently strong attraction to Wislicenus
on the part of foreign graduate students. To be sure, his
name is less familiar to current chemists and historians
of chemistry than that of Liebig, Wohler, Bunsen, and
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others. Probably his major contribution to chemistry
was the promotion of the idea of tetrahedral carbon
through his encouragement of a translation of the Dutch
edition of van’t Hoff’s book into German and the de-
sign of experiments to test van’t Hoff’s hypothesis. He
can be viewed as one of the earliest of chemists to take
a physical-chemical, mechanistic approach to under-
standing some chemical transformations (5). Yet these
accomplishments received only modest recognition dur-
ing his lifetime and, in fact, were scorned by Hermann
Kolbe (6).

For a German chemist in the 19th century, one
unique aspect of Wislicenus’s life was a two-year resi-
dency in the United States, when he was still a very
young man. The possibility presented itself that this
experience, which might have exerted a.lasting impres-
sion, may have rendered Wislicenus, later a Professor
of Chemistry, particularly sympathetic to young, aspir-
ing chemists who, like himself, found themselves in a
foreign land, grappling with a foreign language, and
seeking ‘parental’ guidance.

What about Johannes’ two-year stint in America?
Why did he go, and what were his experiences? The
events leading up to the migration to America are de-
scribed in an
account by his
father Gustav
and also sum-
marized in the
biographies by
Beckmann (1)
and Perkin (2).
Gustayv, the fa-
ther, was a lib-
eral Lutheran
minister, who
had been jailed
for a time be-
fore his mar-
riage because
of his radical
religious
views, which
he expressed

freely. In 1853,

with his publi- Eben Norton Horsford

cation of a book entitled Die Bibel im Lichte der Bildung
unserer Zeit (7), he was charged with undermining reli-
gious principles and violating the infallibility of the
Bible. Realizing he would not be able to avoid incar-
ceration, he fled Germany for England, where he awaited

the arrival of his wife and eight children: nine individu-
als who had to dispose of their German household be-
longings and arrange passage to England, the 18-year-
old Johannes, the eldest child, making the arrangements.
Johannes himself kept a detailed account of his experi-
ences between 1853 and 1856 in a diary, which is often
quoted in the biographies by Beckmann and Perkin (8).
Once reunited, the family of ten set sail for New York
from Liverpool on a three-masted sailing ship, the Guid-
ing Star, in October, 1853. A fierce storm along the
coast of Ireland destroyed the middle mast. When a
cholera epidemic broke out on board, Johannes aided
the only physician as interpreter. By some turn of luck,
none of the Wislicenus family became ill. After a hectic
experience, the ship finally landed in Belfast before be-
ing towed back to Liverpool. Eventually the family set
sail in November on the mail ship, Niagara, headed for
Boston, where they landed after two weeks on Decem-
ber 9, 1853. Gustav Wislicenus sent acounts back to his
free congregation in Halle. These letters, eventually pub-
lished as a book entitled Aus Amerika (9), portray a rather
detailed account of the family’s experiences in the New
World, including their harrowing sea passage.

The family took up residence in Roxbury, outside
Boston, in a house they rented for $9 a month. Gustav
describes the freezing winter of 1854; their association
with several Germans; his preaching, which he resumed
promptly; attending anti-slavery meetings, often with
son Johannes; and a trip to New York, which had been
their original destination on the Guiding Star.

While the father endeavored to earn a living by
preaching and writing, young Johannes somehow se-
cured a position in the Harvard laboratory of Professor
Eben Horsford (1818-1893), where he worked six days
a week doing iron and meteorite analyses, beginning in
March, 1854. His pay was $1 per day, and he found the
work uninspiring, according to a quote from his diary,
in which he pined for his home: “Oh, Deutschland!” he
wrote, three weeks after beginning his laboratory posi-
tion. Because the trip from Roxbury to Harvard required
one and one-half hours, Johannes took up residence in
Cambridge. He became a leader in a gymnastics club
and also joined a chorus of fellow Germans.

By May of 1854 the family had moved to West
Hoboken, New Jersey, while Johannes stayed behind to
continue his Harvard laboratory work for another month.
Then, after a scant four months as analytical technician
in Horsford’s laboratory, Johannes followed his family
to New Jersey. His father had already established a pri-
vate school, and Johannes helped in teaching some of
the children while he sought more gainful employment.
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To this end he wrote to Horsford in July, 1854, request-
ing a letter of recommendation (10). An earlier request
in late June apparently never reached Horsford, much
to Wislicenus’s dismay:

I requested you to send me as quick as possible the
testimony about my working in Your laboratory,
which You promised to be in my possession some
days after I left Boston. Now I want it most hastily,
because a Professorship for Chemistry in the New
York Mechanics Institute has been offered me...

Late in July Wislicenus wrote to Horsford, confirming
that he had secured the ‘Professorship’ at the Mechan-
ics Institute and expected to begin lecturing on practical
chemistry in September, 1854. He asked Horsford for
the titles of books, particularly on tanning, dyeing, and
metallurgy. "

The Mechanics Institute had been established in
1820 by the General Society of Mechanics and Trades-
men, an organization which exists to this day, with of-
fices on West 44th Street in New York City (11). The
Society Library is in possession of a list of ‘lecturers’ at
the Institute during the span 1835-1868; but, unfortu-
nately, the period 1854-1857 is missing (12). From
Johannes’ own account in his diary, quoted by
Beckmann, he first lectured to a class of 100 on “Chemi-
cal Uses of Wood” and later held lectures on tanning.
He balanced his responsibilities for lecturing in the
evening at the Mechanics Institute with analyses of bark,
which he carried out in a factory in Newark in the day-
time. He described this work routine in a letter to
Horsford dated July 26, 1854 (10). In a fourth letter
(13) to Horsford, Wislicenus explains that he was en-
couraged by a Mr. Detmold, President of the New Jer-
sey Tire Company, to purchase apparatus from the widow
of the late Dr. Enderlyn and to set up a chemical analy-
sis business. This caused no end of anxiety, for, as he
said to Horsford (13):

...In Germany I scarcely thought of making money.
Now these happy days are gone; not for knowledge I
work, but only for bread, and the love of science had
to succumb to the mere necessities of life....

According to the account in his diary (quoted by
Beckmann), Wislicenus had been promised $80 for a
set of analyses but only received $60; in another instance
the expected $40 amounted only to $25.

In these letters Wislicenus portrays a distinct disillu-
sionment with the American life, mixed with homesick-
ness for his beloved Germany. Nevertheless, by January
1855, he had been appointed “Professor” at the Mechanics
Institute and so had a secure position, if only part-time.

Johnnes Wislicenus

In the summer of 1855 Johannes composed a
lengthy letter (14) to Luise Rade, a friend of his and of
his sister Klotilde. [The use of Freundin implies more
than just a family acquaintance.] It is a love letter of
sorts, in which he reminisces on good times they had
enjoyed in Germany; but then he proceeds to describe
some of his experiences in New York, most notably his
participation in a German songfest held in Manhattan in
June, 1855. It must have been a gala affair. He reported
that 1,500 German singers disembarked one evening at
the Battery and then formed a flag-waving, jubilant pro-
cession up Broadway to City Hall. Much to his own
delight, Johannes was reunited with some of his acquain-
tances from Boston, from whom he had departed just a
year earlier. The concert was held the following evening
in the Metropolitan Theater. Johannes enumerates all
the offerings presented by the massive chorus and or-
chestra, from the opening with Wagner’s Rienzi over-
ture to a final selection by the New York Singing Club.
Later in the week 40,000 attended a picnic in Elm Park.

...There was a great deal of singing and playing of
music, dancing, eating, drinking, joking, laughing,
chatting, handshaking. All was happy and optimis-
tic, and no one caused any kind of disturbance for
which to be ashamed. Among the 40,000 people who
were present, I saw no one inebriated; and the only
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ones arrested were American pickpockets..That was
the wonderful New York singing festival, a genuine
German festival!..

In the spirit of his euphoria over the German song festi-
val, Johannes advances a prophetic remark:

...What celebrations we shall hold in Germany, as
soon as we have the opportunity. The Germans, so
similar to the Greek people, will revive the Olympic
Games...

Although the Olympic Games were indeed revived,
largely through the efforts of the French, they were nev-
ertheless reinstated—40 years after Wislicenus’s sugges-
tion. There is some irony in the fact that Germany’s
role in the Olympics, however, has been shrouded with
misfortune: the 1916 games were canceled during World
War I; the 1936 Olympics are identified with the rise of
Hitler; and the Munich Olympics in 1972 are remem-
bered more for the massacre of Jewish althletes than for
the gold medals.

His homesickness and loyalty for Germany are ex-
pressed again and again in this outpouring to Luise. He
deplores the fact he has found no such magnificent
evening sky nor any such beautiful woods as in his home-
land. He describes the Catskills as “...tall and thick but
otherwise neglected;...the restful beauty of our woods
is totally lacking; one sees only a jumble of everything
straight, tall, or downfallen trees...”

In August of 1855 Johannes traveled to Brattleboro,
Vermont, to visit the Wesselhoeft family. From there he
went with Conrad Wesselhoeft to Boston. In the last
known letter written to Horsford (13), which Johannes
began in Hoboken on February 22 but finished on March
10, 1856, he offers condolences to Horsford on the death
of Horsford’s wife, who had passed away in 1855. He
then goes on to express his consternation over Horsford’s
purported low opinion of Wislicenus:

...Jt has given me great affliction to hear some friends
in Boston, and chiefly Mr. Schenkl when he for the
last time came to New York, say what an idea you
seem to have formed on my long silence to you. Mr.
Schenkl, on the authority of Mr. Hoffmann I believe,
has spoken at a public place on severe judgements
(sic) which you had pronounced on my ‘ungratitude’
towards you...

Wislicenus describes his attempt to make amends with
Horsford during his visit to Boston:

...] went to Cambridge to beg you personally for par-
don if the rumor should prove true. In Main Street I
found you standing on the sidewalk together with

another gentleman. When I came near to you, you
and I only turned the head and looked at us (my friend
Conrad Wesselhoeft being at that time with me), but
momentaneously (sic) you went away taking your
way through the college grounds. My hopes van-
ished. I passed by the laboratory without calling in.
Two days after I left Boston with the most painful
feeling, and arrived home with remorse that I never-
theless had been at your house and spoken to you...

Although Johannes closes his letter with a promise to
write Horsford again soon, there is no record of any fur-
ther correspondence from the young chemist.

By May of 1856 conditions had changed suffi-
ciently, that the entire Wislicenus family returned to
Europe—not to Halle, however, where they were not
welcome, but to Ziirich, where Gustav, his wife, and
several of the children remained. Johannes resumed his
chemistry studies in Halle but eventually was awarded
the doctorate in Ziirich. Johannes faced several diffi-
cult obstacles in his career; yet he must have rejoiced in
the return to his beloved country. He seldom made ref-
erence to the ‘Wanderjahr’ in America, perhaps because
it conjured up painful memories. It seems he did not
keep up communication with Horsford, anyone associ-
ated with the Mechanics Institute, or with the analytical
laboratories where he worked in New Jersey. Horsford
makes no mention of the young Wislicenus in his corre-
spondence with Liebig (15). It is as if the two-year pe-
riod in America were a bad dream for Johannes
Wislicenus, which he blotted from his memory.
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“BUT SHE’S AN AVOWED COMMUNIST!”
I’AFFAIRE CURIE AT THE AMERICAN
CHEMICAL SOCIETY, 1953-1955

Margaret W. Rossiter, Cornell University

Introduction

One might have expected that the American Chemical
Society (ACS), an organization that claimed to be work-
ing for the advancement of chemistry and not using po-
litical tests for its membership, would readily accept an
application from a Nobel laureate in chemistry. Yet this
was not the case with Iréne Joliot-Curie in 1953. After
some consternation ACS officials rejected her mem-
bership application because of her political reputation
(strongly linked to the pro-Communist beliefs and ac-
tivities of her husband, Frédéric Joliot-Curie), informed
her of the decision but gave no reasons, and said noth-
ing of their action publicly. When months later her
friends questioned and publicized her rejection, the case
became a cause celebre. The extensive commentary and
correspondence surrounding the episode make it pos-
sible to gauge some contemporary reaction to the wis-
dom, handling, and significance of this decision. When
compared to one of the other anti-communist “witch-
hunts” in the United States in the 1940s and 1950s, the
public harassment of leading members of the Ameri-
can Association for the Advancement of Science
(AAAS), one can see the different reaction. Whereas
the AAAS’s board of directors responded stoutly to the

an_n-commumst crus'ade by electing E. U. Condon and Figure. 1 Irene Joliot-Curie (1897-1956). Shown here
Kirtley Mather presidents (1), the leaders of the ACS Jate in life, Joliot-Curie shared the Nobel Prize in
refused to elect Madame Joliot-Curie even to member- Chemistry with her husband Frederic in 1935.

ship. “L’Affaire Curie,” as it came to be called, also Intensely apolitical in her early life, she became more
revealed structural tensions within the ACS between involved in French women's, socialist, and pro-

the protective instincts of the members of the Board of Communist movements starting in the late 1930s.
Directors and the concern for political liberties among (Reprinted from Nuclear Phvsics 4[1957], p. 497)

the leaders of some sections. The rank and file readers
of scientific publications also revealed a wide range of
reactions.

—




34

Bull. Hist. Chem. 20 (1997) |

The Facts

In March, 1953, French chemist and Nobel Laureate Iréne
Joliot-Curie applied for membership in the ACS, one of
the largest scientific associations in the world with
68,000 members, in order, as she claimed, to receive
the Journal of the American Chemical Society regularly.
She filled in the application form and had, as was re-
quired, two current members in good standing vouch
for her moral character by signing the form. The form
did not ask about her political beliefs or affiliations, as
the ACS was quite proud that it did not take such factors
into consideration. Its admissions committee generally
considered credentials like degrees in chemistry as suf-
ficient evidence of an interest in advancing the field.
Since the Society claimed that it did not discriminate
against applicants on the basis of race, color, religion,
or political beliefs, its staff and committee did not in-
vestigate these areas (2). But the Society did require that
members be of a high moral character. Since the admis-
sions committee could not investigate this aspect of ev-
ery application, this was to be vouched for by the signa-
tures of two current ACS members, which Joliot-Curie
had done. .
But, despite her high standing as a chemist (and
she was later greatly relieved to learn that the value of
her chemical work had never been in doubt), the Com-
mittee on Admissions of the ACS rejected her applica-
tion on July 24 ,in a letter signed by Norman Bekkedahl
of the National Bureau of Standards, the chairman of
the committee (3). In September Madame Joliot-Curie
wrote Alden Emery, the executive secretary of the ACS,
to ask the reason why. (Her friends later told Linus
Pauling that she had assumed that they considered her
work to be physics rather than chemistry (4). She had
been elected to the American Physical Society in No-
vember 1950 (5). Emery did not respond, though he
could and should have informed her that there was a
standard procedure for appeals of admissions decisions
(6): she could appeal to the ACS Council’s Committee
on Membership Standards, which set membership policy
and heard appeals. She never pursued this route.
Instead when after a month she had heard nothing
from Emery, in October, 1953 a concerned friend of hers,
Moise Haissinsky of the Radium Institute in Paris, who
had himself in 1950 been refused a temporary visa to
attend a meeting in the United States, wrote a letter to
the editor of another American journal with a special
interest in issues of science and politics, the Bulletin of
the Atomic Scientists (Bull. At. Sci.). Its editor Eugene
Rabinowitch notified Emery that he would publish the
French letter after January 1, and invited him to respond.

Accordingly
Haissinsky’s
letter appeared
in the February,
1954  issue,
along with a
carefully crafted
explanation by
Emery, who had
been in close
communication
with several
members of the
ACS Board of
Directors. The
New York Times
had a story about
it on February
15, the Christian
Science Monitor
one on February
20, Time maga-
zine an item
about it on its
“People” page
February 22, and
Science re-
printed both letters in its March 12 issue (7).

Yet the controversy was not brought to the atten-
tion of ACS members until the March 22, 1954 issue of
its weekly Chemical & Engineering News (Chem. Eng.
News), when editor Walter J. Murphy published both a
statement by the executive committee of the ACS’s
Board of Directors that supported the admissions
committee’s action and three letters-to-the-editor on the
subject (8). Over the next two months (that is, April and
May, 1954) the issue provoked a considerable response
in both journals, with 26 more letters to the editors
(twelve in support of the action and fourteen in opposi-
tion). Finally in the May 17 issue of the Chem. Eng.
News Murphy called a halt to it, saying that further com-
ment was unlikely to resolve the issue any further (9).
Thus ended the first phase.

Figure 2 Alden H. Emery (1901-
1975). After thirteen years at the U.
S. Bureau of Mines, he moved in
1936 to the American Chemical
Society, where he served in a series
of administrative posts, including
that of executive secretary from
1947 to 1965. (With the permission
of the American Chemical Society)

The Reasoning

There were several issues involved here. First the tim-
ing—the spring of 1953 was the height of a series of
congressional committee investigations by the U.S. Sen-
ate into communism on American campuses. Several
hundred faculty members were being subpoenaed to tes-
tify; the hearings were highly publicized; and, as has
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been docu-
mented re-
cently, admin-
istrators at
most universi-
ties fired their
controversial
cases as soon
as possible
rather than
rally to any
defense of
academic free-
dom (10).
Even closer to
home—at
headquarters
in fact—
Walter
Murphy had
fired ACS
News Service
staff member

Figure 3 Walter J. Murphy (1899 -
1959). Trained as a chemist, he
worked for a series of chemical
companies before becoming one ofthe
first chemical editors in 1930. He

ACS could do about this, which made the staff angry
that they were being taken advantage of. Thus Alden
Emery had initially retorted that she did not have to be a
member of the Society to get the journals; she could
just subscribe to the journal, as did many individuals
and laboratories (14), and pay the higher fee.

Thus though technically Joliot-Curie was qualified—
she had filled in the form fully and she had obtained the
necessary signatures— her timing and various possible
ulterior motives also irritated the staff and the Commit-
tee did not dare admit her. Yet how would they explain
rejecting her? Emery’s chief justification for rejecting
her was that someone on the Admissions Committee had
said that she was an “avowed and active Communist.”
To admit her might not only cause the Society adverse
publicity, but it would also violate the Society’s federal
charter, a matter of greater concern to the Board of Di-
rectors than to the Council. The charter’s passage by
Congress and adoption by the ACS in 1937 committed
the Society to advancing chemistry, improving Ameri-
can industries, and cooperating with the federal govern-
ment when needed. It thereby also gained the Society a
tax exemption (not only from federal taxes, which had

RobertNorton  served as editor of Chemical and

in April or  Engineering News from 1943 until his
May, 1953 af- death. (With the permission of the
ter he had re- American Chemical Society)

fused to testify

before Senator Jenner’s committee (11). Thus Emery
and the ACS admissions committee suspected that the
pro-communist Madame Joliot-Curie was using them
as a kind of timely test case. Not wishing to be so used,
they turned her down quietly, did not publicize their de-
cision, and did not respond to her inquiry, possibly in
hopes that the problem would go away unnoticed—
which it did for a while. :

Another factor that rankled the ACS executive sec-
retary was that about this time the Society’s committee
on publications was introducing a new rate structure for
the ACS’s several journals. Formerly every ACS mem-
ber had received Chemical Abstracts as well as the Chem.
Eng. News and the Journal of the American Chemical
Society (J. Am. Chem. Soc.). Now J. Am. Chem. Soc.
was to have a new rate structure: nonmembers and in-
stitutions (“subscribers”) were to be charged consider-
ably more than individual members of the ACS (12).
Emery and his staff had noticed that they were getting
increasing numbers of applications from individual
chemists whose companies were anxious to evade the
new corporate subscription rate (13). This they suspected
Joliot-Curie of doing as well. There was not much the

apparently been
possible under
its  previous

New York state -

charter, but also
from District of
Columbia real
estate ones as
well as. This
was important,
since in 1940 the
Society pur-
chased and re-
modeled an
apartment house

for its headquar-

ters there.) Un-
der the charter
the ACS became
a corporation
whose property
was owned and
controlled by
the Board of Di-
rectors and it
was required to
report annually
tothe U. S. Con-

Figure 4 Charles A. Thomas (1900-
1982). After coming to Monsanto in
1936 he held a variety of executive
posts including its presidency. In
1948 he was president of the ACS and
a member of the board of directors in
1950-53, where he was its chairman
in 1953 when Joliot-Curie applied for
membership. (With the permission of
the American Chemical Society)
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gress (15). Yet citing the federal charter was a new fac-
tor in admission decisions, for the federal charter had
not stopped the Society from admitting foreign mem-
bers before. In fact, as Rabinowitch pointed out in an
editorial on the subject in March, 1954, many American
learned societies and professional organizations already
had foreign and even Soviet members (16). (The 1951
membership directory of the ACS listed 2,908 foreign
members of 64,241 individuals with 88 from France, 71
from eastern Europe, 22 from China, and none from the
Soviet Union (17).) But as no one knew or had inquired
about their political views, their continued membership
was not thought to threaten the Society or violate the
charter the way publicly electing even a suspected Com-
munist to the ACS would in 1953.

In early March, 1954, as word of the episode spread
but before the Chem. Eng. News provided more of the
details, S. C. Lind, a former (1940) ACS president, long
at the University of Minnesota but now a consultant at
the Oak Ridge National Laboratory, wrote the recent
president Farrington Daniels of the University of Wis-
consin, asking why the Board of Directors had been
consulted and not the Council’s Committee on Mem-
bership Standards, which set criteria for admissions and
to which the committee on admissions usually reported.
He saw this as one more example of the Board’s en-
croachment upon the Council, which had before 1937
governed the society. Lind thought that under the cir-
cumstances losing the federal charter might be a bless-
ing, as he was sure that in this case the Council would
have made a better decision than the Board had (18).
Daniels was taken aback, since in the haste and panic of
the crisis no one had pursued this procedure. [In No-
vember, 1953, Emery had mentioned it as one possibil-
ity but did not object when Daniels and others wanted
to consult with the Board, which was small, would be
meeting soon, and had in the past dealt with other touchy
issues, as Linus Pauling’s passport denial in 1952 (19).]
Yet this very bypassing of normal procedures to gather
support from the elders of the society rather than the
more representative and less predictable Council shows
just how worried the ACS leaders felt.

In its March, 1954, statement published in the
Chem. Eng. News, the executive committee of the Board
of Directors fell back on the nuance that membership in
the ACS was an honor and not a right. Thus someone
known (however it was determined and whether accu-
rate or not) to be committed to the overthrow of the fed-
eral government could not be accepted. To admit such a
person would, they feared, endanger the Society’s very
existence. Rejecting Iréne Joliot-Curie’s application also

offered the advantage that it could be done quietly, or,
as statement by the executive committee of the Board
of Directors explained, it was standard Society policy
to keep the names of persons denied membership pri-
vate, as it would hurt them unnecessarily to publish them
and would open the society to possible slander action
(20). Yet Iréne Joliot-Curie did not acquiesce to such
silence and outmaneuvered both the ACS committee and
the board. In fact if her goal had been revenge by ex-
posing the officials’ narrow-mindedness, she must have
been gratified with the response both privately (for many
chemists wrote their sentiments either directly to her
(21) or to the ACS and its officers (22) and publicly in
the pages of the Chem. Eng. News, the Bull. At. Sci.,
and the newsletters of two important ACS sections.

The Response

A few of the published letters expressed irritation, as
one might have expected, about the ACS’s delay and
procedures in not informing its own members more di-
rectly about an action by their own governing boards.
The episode had all the signs of a “cover up” finally
exposed months later. Rabinowitch deplored the deci-
sion and noted in the Bull. At. Sci. that the ACS would
receive much adverse publicity in the pro-Soviet press,
as still more proof of the intolerance of America’s so-
called democratic institutions (23).

Beyond this, on the whole, the letters Murphy
printed in the Chem. Eng News were about evenly di-
vided as to the Committee’s action. Those in agreement
with the rejection of Joliot-Curie offered a variety of
arguments. [One suggested that anyone who did not
believe in God should not be a member of the ACS (24).]
Chiefly many fervently believed that the Communist
Party was not the usual sort of political party that Ameri-
cans who believed in democratic institutions were used
to. Communism was instead a potent even subversive
political belief system. (The Supreme Court upheld this
view as late as 1959.) If even one well-known Commu-
nist were to be elected to the ACS, the other 68,000
members would also be immediately suspect. This po-
litical contamination (she did work on radioactivity!)
might bring the whole organization under scrutiny, con-
gressional or otherwise, as a hotbed of communism.
Then all members would be labeled as potentially sub-
versive, for how could anyone prove that he/she was
not a communist, especially when the real communists
were under strict party discipline and known to lie when
necessary, even under oath (25). It was thus the duty of
the members, as represented by its vigilant Committee
on Admissions, to protect the good name of the ACS by
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rejecting Joliot-Curie, Nobel laureate or not, and the pre-
sumed internationality of science notwithstanding (26).

The critics were less fearful and more procedurally
minded, pointing out that 1) the Committee on Admis-
sions had no official information on her or any appli-
cants’ political beliefs, which were in any case, not per-
missible criteria for exclusion; 2) as she could not un-
der prevailing conditions get a visa to enter the United
States, she was very unlikely ever to come to a meeting;
and 3) the ACS committee could not vouch for the
Americanism of any of its current members—there
might well be many Communists among them already.
Paul Flory then of Ithaca, New York, an outspoken ad-
vocate of political freedom and himself later a Nobelist,
suggested that someone should, in fact, investigate the
loyalty of those voting to exclude Madame Joliot-Curie
(27)! Others argued that whether or not communism
was a subversive philosophy, Joliot-Curie was no threat
to other members, precisely because her leftish political
beliefs were so well known. One such person was such
a small proportion of the whole immense and diverse
ACS that she hardly mattered. David Todd of
Shrewsbury, Massachusetts, one of her staunchest and
most persistent defenders, asserted that she should not
be confused with T. D. Lysenko, who held and enforced
distorted scientific views in the USSR (28). The real
danger to the society was from secret Communists, who
would lie about their affiliations and beliefs, if asked,
anyhow. Several ACS members reportedly resigned over
the incident, including nuclear chemist Charles D.
Coryell of the Massachusetts Institute of Technology
(29). [If he did resign, he rejoined later, because he was
listed in the ACS membership directory for 1956. He
also won a prize from the ACS in 1960 and spent a year
at the Radium Institute in 1963 (30).]

In retrospect the most judicious immediate reac-
tion to the episode was the editorial on “The Chemist
and the Communist” in the April, 1954 issue of the
Chemical Bulletin, the newsletter of the Chicago sec-
tion, third largest, of the ACS. Its editor Robert N.
Feinstein, an assistant professor of biochemistry at the
University of Chicago and so probably known to Eu-
gene Rabinowitch, said that the whole affair had been
badly handled. He summarized the dilemma succinctly,
“Mr. Emery’s statement is reasonable and understand-
able. And still we deeply regret it.” Adding that “We are
not here in any way condoning communism,” he claimed
that because the Society did not consider race, color,
creed, or political views as criteria for membership and
already had many other foreign members, “We can only
regret with all our heart that the American Chemical

Society, by its rigidly conformist interpretation of a de-
batable section of the ACS Charter, has been instrumental
in drawing just a tiny bit tighter the band of continuing
encroachments on our sphere of free activities” (31).
Endorsing these sentiments, Rabinowitch reprinted the
editorial in the June 1954 issue of the Bull. At. Sci., along
with several other letters to the editor and a summary of
those in the Chem. Eng. News (32).

Thus most

of the discussion
did not revolve
around any prac-
tical fear of how
her ideas or
physical pres-
ence might
threaten mem-
bers of the soci-
ety or the field
of chemistry. It
was generally in
the political
realm of what
the welcoming
of a known
Communist in

1953 or 1954
would do to the
Society’s politi-
cal fortunes, le-
gal standing,
and reputation,
a greater con-
cern to most of
the society’s officers (whose presidents Arnold Thackray
has termed an “elite gerontocracy”) than to the more
populist members of some of the local sections (33).
Rather than feeling strong enough to stand up to outside
criticism and select members solely on their scientific
fitness, the society’s leaders, nearly unanimously (34),
felt the need to reaffirm their patriotism—her applica-
tion had even put their own loyalty under suspicion. Yet
ironically far from protecting the integrity and interna-
tionality of science at a time of danger, the actions of
the ACS staff and leadership seem to have, as one critic
pointed, out dropped to the level of the Communists
themselves. If a Nobel laureate in chemistry could be
excluded from an American society presuming to ad-
vance that field, then the integrity of many other Ameri-
can scientific organizations was also put into serious
doubt (35).

Figure 5 Farrington Daniels (1889-
1972). On the faculty at the University
of Wisconsinfrom 1920 to 1959, he won
numerous awards and was president of
the ACS in 1953 when the cause celebre
unfolded. (With the permission of the
American Chemical Society)
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Aftermath

“L’ Affaire Curie,” as Rabinowitch dubbed it, dragged
on into 1955. In August, 1954 the editor of the Chem.
Eng. News broke his own earlier ban on the topic by
printing a letter from Iréne Joliot-Curie to David Todd,
who in his efforts to guide the discussions of the issue
in the Central Massachusetts section (Worcester), had
inquired directly if she had told the ACS admissions
committee that she was a member of the Communist
Party. She replied that she was not a member, but added
that this was a mere technicality as she believed totally
in its tenets and her husband was an active member. She
then expatiated on how hard she personally strove to
overlook other scientists’ political views, how warmly
she welcomed scientists of all nations (including even
the United States) into her laboratory, and how deplor-
able she felt the recent behavior of the ACS was, com-
ing as it did from fellow scientists, who should be above
such things. The Bull. At. Sci. reprinted her letter in
October, 1954 (36).In it she did not mention that since
1949 she and her husband had been urging Chinese sci-
entists to convince Chairman Mao Zedong’s commu-
nist regime to build atomic and hydrogen bombs (37).

Meanwhile Alan C. Nixon, a research chemist at
Shell Research and Development Center at Emeryville,
Chairman of the California section of the ACS, head-
quartered then in nearby Berkeley, and in the 1970s an
ACS president in his own right, kept the issue of Joliot-
Curie’s exclusion alive in The Vortex, the section’s
monthly journal, throughout 1954. Already known for
his liberal views, he thought it was an outrage that she
had been rejected and kept pressing the national leader-
ship for more specific reasons. He also engaged Berke-
ley professor Joel C. Hildebrand, a prominent member

‘and former chairman of the California section as well
as the incoming president of the ACS, in several ex-
changes on the matter in The Vortex (38).

Hildebrand was no stranger to such issues, since a
few years earlier as dean of the University of California’s
College of Chemistry he had had to deal with the thorny
issue of the Regents loyalty oath. In the spring of 1950
'he had even chaired the faculty advisory committee on
the issue for the three northern campuses (Berkeley, San
Francisco, and Davis) to President Sproul. When he
urged recalcitrant faculty members to sign the revised
oath, he emerged as an accommodater and compromiser
rather than a diehard political purist (39).

In the course of his correspondence with on the one
hand the liberal Alan Nixon and on the other with the
illiberal ACS staff, Hildebrand struggled with the issues
and dangers. Basically he worried less about the federal

charter than had Emery and more that if Madame Joliot-
Curie were accepted for membership, she would be able
to vote for future ACS officers. Finally in Decem-
ber,1955 he proposed that the ACS Council and Board
of Directors should revise the organization’s current
constitution to strike a compromise of sorts. The Na-
tional Academy of Sciences, of which he was also a
member, and which also had a federal charter, had for-
eign members who did not vote for the officers. It thus
managed to look international but did not jeopardize its
national interests in allowing the foreigners a chance to
control the organization. Thus the ACS could do like-
wise—elect foreign members, whose political loyalty
and moral character could not be vouched for, to non-
voting membership status. They could then be members
and get the journals at the reduced rate, but there would
be no chance of their taking over the leadership (40).
Thus the ACS began to develop a more open approach
to international members, whose numbers were grow-
ing rapidly, including 358 applications from Japan alone
in 1955 (41).In 1956 it even had one member from the
Soviet Union, Anatoli Kreshkov (42).

But by the time the ACS had revised its member-
ship rules, the woman who had started all the fuss had
taken to her bed with her final illness. Iréne Joliot-Curie
died from leukemia in March, 1956 (43).

Analysis and Conclusion

Beneath the particulars of this case are several underly-
ing issues relating to the role of scientific societies in
the 1950s: in tying subscription rates to ACS member-
ship status, they could to a certain extent control access
to inexpensive scientific information; in choosing some
but not other foreign members, they could shape the in-
ternationalization of chemistry; in withholding informa-
tion on association activities, they could protect their
leaders from criticism; while in publishing letters-to-
the-editor they could air the members’ differing politi-
cal views.

Yet this was a highly unusual case. Most studies in
the growing literature on “McCarthyism” in science fo-
cus on the harassment of American scientists, especially
those in the physical sciences, and including, perhaps
even featuring, many very eminent ones, as Nobel lau-
reates, by both political figures, as congressmen, fed-
eral bureaucrats, especially passport officials and grants
officers, who are usually not scientists, and university
administrators, a few of whom were former scientists,
even chemists (44). As these accounts document the im-
position of loyalty oaths, the denials of federal grants,
the withholding of passports, the issuing of subpoenas
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to testify before congressional committees, and even job
suspensions and firings, they usually have the flavor of
pitting the “Davids” (like Condon or J. Robert
Oppenheimer) against the “Goliaths” (the government
officials or university administrators) (45). “L’ Affaire
Curie” was an unusual and more disturbing case in that
here a scientist—a foreigner as well as a woman and a
Nobelist—was rejected not by narrow-minded Ameri-
can bureaucrats [though she had been detained overnight
at Ellis Island by State Department officials in 1948 when
she came to the United States on a lecture tour(46)] but
by her fellow chemists, the officers (all male and no
Nobelists) of the ACS, for mere membership in their
scientific organization. She in turn was quite angry at
her fellow scientists, whose behavior reflected narrow
chauvinism and even political cowardice rather than the
lofty ideals of science, while at the same time limiting
her access to certain valuable informational resources.

Yet in the complex world of American science in
the 1950s, the leaders of this one scientific society—
admittedly a large one with substantial resources and
particularly close ties to the nation-state via its charter
and tax-exempt status—felt that they had to protect the
best interests of both their society and American chem-
istry and thus had to accede to prevailing political reali-
ties. What may have been different about this case was
that, unlike the untold numbers of others that were suc-
cessfully covered up, Madame Joliot-Curie was able to
bypass her censors and bring it to public attention, thus
revealing the wide structural and ideological divisions
among American chemists. Perhaps the biggest surprise
was that she got as much public and private support as
did.
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MARTHA ANNIE WHITELEY (1866-1956):
CHEMIST AND EDITOR

Mary R. S. Creese, University of Kansas

Few women chemists whose
careers began before 1900
made important contribu-
tions to major technical
works still to be found in ref-
erence sections of science li-
braries. But Martha Annie
Whiteley, coeditor and then
editor-in-chief of the eleven-
volume fourth edition of
Thorpe’s Dictionary of Ap-
plied Chemistry (1937-1954)
is an exception.

The original three-vol-
ume edition of this work was
produced under the
editorship of British chemist
Sir Edward Thorpe (1845-
1925) over the period 1890-
1893. During the next four
decades it was greatly ex-
panded, a five-volume sec-
ond edition being brought out
by Thorpe in 1916-1919 and
two more volumes being
added by Foster Morley in
1927-1930 after Thorpe’s
death. However, within a few
years, because of the rapid
growth of the field, a com-
plete revision was being

Martha Annie Whiteley, c. 1907, courtesy of the
Archives of Imperial College of Science, Technology
and Medicine

planned. Supplementary
volumes were issued in
1934 and 1935 as a stop-
gap measure and the first
volume of the revised
fourth edition appeared in
1937. The revision was
expected to take nine
years, a projection which
prompted a Nature re-
viewer of volume 1 to re-
mark that the first vol-
umes would be out-of-
date before the last came
out (1). Infact seventeen
years were to pass and
‘World War II to intervene
before the work was
completed with the pub-
lication in 1954 of vol-
ume 11; a combined in-
dex followed in 1956.
Coeditors were Sir
Jocelyn Field Thorpe
(not a relative of Thomas
Edward) and Martha
Annie Whiteley, who
was already very famil-
iar with the material,
having helped exten-
sively in the preparation
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of earlier editions. With Sir Jocelyn Thorpe’s death in
1940 about the time of publication of volume 4 of the
fourth edition, Martha Whiteley, although then seventy-
four and somewhat handicapped physically, became
editor-in-chief, with help from an assistant editor, A. J.
E. Welch. She also had the backing of a distinguished
editorial board; the latter consisted of I. M. Heilbron,
Professor of Organic Chemistry at Imperial College
London, and H. J. Emeléus, Reader in Inorganic Chem-
istry, at Imperial College, Sir Alexander Todd, Profes-
sor of Chemistry at Manchester University, and H. W.
Melville, Profes-

Carrington), which sets out in precise detail the rela-
tively limited collection of medicinal compounds avail-
able fifty years ago, when, for example, the sulfa drugs
were still the major systemic antibacterial agents. Short
discussions afford summaries of work on newly discov-
ered isotopes, such as tritium, and recently isolated com-
pounds such as streptomycin, while longer essays cover
standard, classical topics such as the theory, construc-
tion, and performance capabilities of the chemical bal-
ance, including the successive changes and improve-
ments from the instruments of the early nineteenth cen-

sor of Chemistry
at Aberdeen Uni-
versity.
Throughout
World War II
Whiteley’s work
was done at
Cambridge,
where she was
given accommo-
dation and li-
brary facilities.
In 1944 she re-
turned to London
and prepared the
last four vol-
" umes, working
from Imperial
College and her
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by bombing.

This last edition of a chemical encyclopedia on
which major effort was put forth over more than sixty
years covered almost every topic relating to chemistry.
Although it can still be used as a comprehensive source
for much basic information, it is of considerable inter-
est now from another point of view as well, namely, the
broad historical perspective it can give of the field up to
the late 1940s. Many entries are in fact careful, detailed
reviews by leaders in the field of progress in particular
areas and topics up to that time; the essays on stere-
ochemistry (W. H. Mills) and on tautomerism (J. W,
Baker) are two of many such articles of particular note.
Also striking is the long essay on synthetic drugs by
three chemists from Imperial Chemical Industries,
Manchester (S. Ellington, W. R. Boon, and H. C.

tury to the London-manufactured Oertling micro-assay
balance much used by the 1930’s.

This huge, ambitious work, in its several editions,
is associated primarily with the Thorpes, Sir Edward and
Sir Jocelyn. However, Martha Whiteley’s efforts as both
contributor and editor over almost four decades were
remarkable, especially her work on the fourth edition,
the labor of her retirement years. She has good claim to
a note in the history of the field.

Among the most outstanding women chemists of
her time and a notable figure in British academic life,
she was one of the first women to hold a full staff posi-
tion in the chemistry department of a coeducational uni-
versity in Britain. She was also one of the first to hold a
teaching position at Imperial College, where she did

— | |
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much to gain the acceptance of women students and fos-
ter their work in chemistry at both undergraduate and
graduate levels (2).

Born in Hammersmith, London, November 11,
1866, the second daughter of William Sedgwick
Whiteley and his wife Mary (Bargh), she attended
Kensington High School and the Royal Holloway Col-
lege for Women (London), graduating with a B.Sc. in
1890. She then taught for eleven years, first at
Wimbledon High School and after that at St. Gabriel’s
Training College (London); but by 1898 she was also
continuing her studies, having begun work at the Royal
College of Science (later part of Imperial College) un-
der the guidance of Professor Sir William Tilden. She
received a London D.Sc. in 1902, presenting a disserta-
tion on the preparation and properties of amides and
oximes, and the following year was invited by Tilden to
join the Royal College of Science teaching staff. Pro-
moted to demonstrator in 1908, she became lecturer in
1914, at age forty-eight, and for fourteen years, from
1920 until she retired in 1934, held the post of assistant
professor (a senior academic post at Imperial College,
later designated as reader).

Her early research, published in the period up to
about 1909, continued her dissertation studies on the
amide and oxime derivatives of dicarboxylic acids and
related cyclic ureides, including derivatives of caffeine
and barbituric acid. She focused particularly on the prob-
lem of tautomerism in oximes, an area receiving con-
siderable attention at the time, and a special interest of
Sir Jocelyn Thorpe. Although Whiteley was Thorpe’s
junior colleague at Imperial College and his collabora-
tor in many projects, it is clear from her writings that
she had her own research program. Her work on amides
and oximes continued after World War I, she and her
students and collaborators (including two women, Edith
Usherwood and Dorothy Yapp) publishing at least three
full papers during the 1920’s (3).

Throughout the war, the chemistry staff at Imperial
College put their efforts into urgently needed govern-
ment work. With the cutting off of Britain’s pre-1914
supply of German-manufactured chemicals, crash pro-
grams had to be started to try to make good the deficit.
Whiteley collaborated with Thorpe on the synthesis of
drugs badly needed for military hospitals, especially
phenacetin, novocaine and b-eucaine, until then im-
ported. She also worked with Thorpe, a member of the
government’s Trench Warfare Committee, on the pro-
duction of lachrymatory and vesicant gases for military
use. :
In 1925 she and Thorpe brought out their Students’
Manual of Organic Chemical Analysis: Qualitative and

Quantitative, a work which had its origins in the accu-
mulated experience of twenty years’ teaching in the or-
ganic chemistry laboratories of Imperial College;
Whiteley had directed the advanced course throughout
much of this period. The 241-page work, a comprehen-
sive and up-to-date compilation of methods used for
estimating the more common types of organic materials
with full experimental procedures included, was a much
welcomed addition to the then meager literature on or-
ganic analysis. In addition to presenting clear, practical
information, it traced the historical development of some
of the most important areas of the subject. Thus the
section on the quantitative estimation of carbon and
hydrogen included a description of the apparatus devised
by Lavoisier 140 years earlier, which, though it failed
to give satisfactory results, established as early as 1784
the basic method of burning the organic sample and col-
lecting and weighing the combustion products (4).

One further area in which Martha Whiteley’s influ-
ence was considerable was in the long campaign to bring
women into fellowship in the London Chemical Soci-
ety (5). She and her friend and fellow chemist Ida
Smedley MacLean (1877-1944), a research worker at
the Lister Institute of Preventive Medicine, were patient
leaders in this effort over almost two decades; and in
1920, when women were finally admitted, Whiteley was
one of the first to be formally accepted. The first woman
elected to the society’s council, she served from 1928 to
1931.

Although several British women from about
Whiteley’s time were productive research workers, most
of them made their contributions as assistants to male
chemists. Afew developed their own research programs
and achieved notable success in newer, nontraditional
branches of the field, Ida Smedley MacLean’s work in
biochemistry being especially outstanding (6). Whiteley,
however, was probably the only one who found a place
as an independent worker in an established area of chem-
istry and remained active in research, teaching, and tech-
nical writing throughout a long career at a major educa-
tional institution—a notable achievement for a woman
chemist of her generation. :

Her services to chemistry in general and Imperial
College in particular were formally recognized in 1945
when she was made an honorary fellow of the college.
An able teacher, she was remembered by students and
younger colleagues as a source of inspiration and a de-
pendable guide. She died on May 24, 1956, in her nine-
tieth year, not long after she had seen the Dictionary
revision through to its completion.
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The main building of the Hungarian National Museum
for Science and Technology (Orszdgos Miszaki
Mizeum) is located at 13-15 Kaposvar Street in

Budapest.
The devel-
opment of
this mu-
seum and
the forma-
tion of
much of its
collections
have been
realized
through the
efforts of
its first Di-
rector, Pro-
fessor
Ferenc
Szabadviry,
the noted
historian of
chemistry
.

The

idea of a technical museum in Hungary is not new. As
early as 1807, the royal governor of Hungary, the Pa-
latine Joseph, ordered the Hungarian counties to submit
masterpieces of their industrial products. No record of

THE HUNGARIAN NATIONAL MUSEUM
FOR SCIENCE AND TECHNOLOGY

Lyman R. Caswell, Seattle, WA

National Museum for Science and Technology, Budapest, Hungary, photo
courtesy of the Museum

this accumulation, if it was actually formed, exists to-
day. Many years later the nationalist patriot and reformer
Lajos Kossuth, leader of the 1848 independence move-

ment and provi-
sional governor of
Hungary in the
revolutionary gov-
ernment of 1848-
49, called for the
formation of a col-
lection of indus-
trial tools. As the
result of the sup-
pression of the in-
dependence move-
ment, this collec-
tion was never
made.

No real col-
lection was formed
until the 1870’s
when the National
Museum estab-
lished a Depart-
ment of Technol-
ogy, which accu-

mulated some 20,000 objects. This collection was used
for technical instruction, rather than historical preser-
vation and study. In 1889 the collection was distributed
to three organizations: the Industrial Association, the
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Technical University, and the Industrial Museum for
Technology. The Industrial Association had evolved into
an industrial arts school by 1910. The Museum for Tech-
nology, the logical place for the exhibits, failed to de-
velop as a museum, and became instead a center for
materials testing. Few identifiable objects from this
collection remain.

Another effort to establish a Hungarian technical
museum was made in the pe-

his home town, Szabadviry developed a strong interest
in history at an early age. It was his original ambition to
become a historian(1). Instead, in response to the needs
of the family business, a soap factory, he attended the
Technical University of Budapest, earning a degree in
chemical engineering in 1943. After the post-war Com-
munist government nationalized the soap factory,
Szabadviry joined the faculty of the Technical Univer-

sity as Assistant Lecturer

riod between the two world
wars, based on a personal col-
lection accumulated by the
Chief Librarian of the Hungar-
ian Association of Engineers
and Architects, Ede Losy-
Schmidt. This was the Hungar-
ian Museum for Technology,
established without a building
in 1935. After the partition of
Czechoslovakia in 1938, this
collection was transported to a
building which housed a rail-
road museum in Kassa, in the
territory annexed to Hungary.
This territory was returned to
Czechoslovakia in 1945, and
the collection remains there to-
day in Kosce, Slovakia.

The beginning of the
present museum stems from
Law-Decree No. 4/1954 of the

in general and analytical
chemistry. In 1965 he
completed the Doctor of
Technology degree and in
1970 received the Doctor
of Science in analytical
chemistry.

At the time of his ap-
pointment as Director of
the Museum for Science
and Technology (Orszdgos
Miszaki Mizeum) in
Budapest, he was Profes-
sor of Chemistry at the
Technical University. He
served on the editorial
boards of the Journal of
Thermal Analysis and the
Journal for
Radioanalytical Chemis-
try. He has also been
Chairman of the Hungar-
ian Committee of the Inter-

Hungarian Presidential Coun-
cil, which made provision for
the preservation of “industrial
relics.” Under this decree, fac-
tories were ordered to preserve
obsolete machines. The Group for Registration and Pres-
ervation of Industrial Relics was organized, and a store-
house for the collection was constructed in the Univer-
sity District of Budapest. The Group was reorganized
as the National Museum for Science and Technology on
January 1, 1973.

The first Director of the new museum was Dr.
Ferenc Szabadviry, Professor of Analytical Chemistry
at the Technical University of Budapest, who is well-
known for his work in the history of chemistry. Profes-
* sor Szabadvary was born September 1, 1923, in Koszeg,
Vas County, in western Hungary. His birthplace is a
location of historical significance, being the place where
the advance of the Turkish army toward Vienna was
stopped in 1532, Perhaps because of the rich history of

Professor Ferene Szabadvary and a clock built
to give the time in the world’s major cities.
Clock built c. 1900

national Union of History
"and Philosophy of Science
and Deputy Chairman of
the Committee for History
of Sciences and Technology of the Hungarian Academy
of Science.

Szabadvdry’s specialization in analytical chemis-
try and his interest in history resulted in his work in the
history of analytical chemistry, a field that had not pre-
viously been explored. According to Professor

" Szabadviry (1), the inspiration to develop this history

occurred early in his teaching career, when a student
asked him who first used a permanganate titration for
the determination of iron, and he was not able to find
the answer in any readily available text. Through his
historical research he found that this technique was first
described in 1846 by Frédéric Margueritte(2), an em-
ployee of the Paris gas works.

After he became Director of the Museum,
Szabadviry’s chemical research focused entirely on the

_
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history of chemistry, especially analytical chemistry, and
on the lives of the persons who made significant contri-
butions to chemistry. A survey of the author indices of
Chemical Abstracts yielded some 80 titles by Szabadvéry
in the history of chemistry. The first of these was “A
Brief History of Analytical chemistry,” published in
1958(3). His major work, the History of Analytical
Chemistry, was first published in 1960 in Hungarian(4).
A German translation appeared in 1966(5) and a Japa-
nese translation in 1988(6a).

cal engineering objects, 700 items relating to the his-
tory of photography, and 600 measuring instruments.
The archive collection has some 1,600 items. Of these,
the map collection comprises items from the seventeenth
century to the present time, including the original maps
on river control and canalization dating from the nine-
teenth century. The photograph collection has some
2,500 items. The library contains some 13,500 volumes.
The facilities of the archives and the library are avail-

able to scholars under-

The English translation by
Gyula Svehla was published in
1966(7) and was reprinted in
1992(8). Szabadvary’s other
major work, the biography of
Lavoisier, was translated from
German by Professor Ralph E.
Oesper(9) of the University of
Cincinnati, where it was pub-
lished in 1977(10). Another
book, History of Chemistry in
Hungary, a collaboration with
Zoltan Szokefalvi-Nagy, was
published in 1972(11).

It was the History of Ana-
lytical Chemistry that earned
Professor Szabadvary the 1970
Dexter Award of the History of
Chemistry Division of the
American Chemical Society.
He was the first continental Eu-
ropean to receive this award.

taking research in the
history of science and
technology. In addition
to these facilities, there
are workshops for the
restoration of artifacts
held by the museum.
There are 27 full-time
and 14 part-time em-
ployees.

In 1984 a new and
larger storehouse for the
museum’s collections
was built at the present
location. This building
also contains the ar-
“chives, the library, the
workshops, and the ad-
ministrative offices.
Traveling exhibits to be
sent to fairs, interna-
tional expositions,

Since he was unable to travel
to the US to receive it, the
award was sent to him via the
Hungarian Ambassador. Receipt of the award and the
international recognitions which accompanied it gener-
ated a turning point in Szabadviry’s career. As the son
of a capitalist manufacturer, he had been labeled a “class
enemy” by the Communist Party, which ruled Hungary
at the time. For this reason the local Communist Party
section had kept him from receiving his doctorate, al-
though he had met all the academic criteria for the de-
gree. These obstacles to his advancement were removed
by the prestige of the Dexter Award. In 1991 the new
government of Hungary awarded him the Széchenyi
Medal, the highest Hungarian scientific achievement(1).
Under Professor Szabadvary’s leadership, the Mu-
-seum has accumulated a collection of some 12,000 ob-
jects, which include 3,100 electrotechnical items, 2,100
precision mechanical and optical devices, 900 mechani-

Early analytical balance without weights, Vienna, 1910

meetings of professional
societies, and the like
are prepared at this lo-
cation. The building also houses the editorial offices of
Technikatiorténeti Szemle (Review of the History of Tech-
nics), the Museum’s- journal, and Periodica
Polytechnica, the journal of the Technical University of
Budapest, of which Professor Szabadvary was editor..
A small number of cases along one side of the main
hallway contain the limited number of exhibits at this
facility. Some of these exhibits portray the accomplish-
ments of nineteenth-century Hungarian inventors, some
of whom independently invented items for which credit
is generally given to better-known persons in other coun-
tries. An example is the case of Anyos Jedlik, who in-
vented the self-excited electrical generatorin 1861, five
years prior to its independent invention by Werner von
Siemens. It did not occur to Jedlik, a Roman Catholic
monk, that there might be a practical or commercial
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application for his invention. One of the other exhibits
depicts models of nineteenth-century farm machinery
invented by Americans. The most unusual exhibit is a
century-old picture of a match factory, constructed en-
tirely of the factory’s products.

Of chemical interest is the exhibit of balances. A
large additional number of balances remains in the store-
house. These include various microbalances and early
examples of automatic and electronic balances. As an
analytical chemist, Professor Szabadvary has also pro-
vided an extensive collection of volumetric glassware.

In addition to the location in Budapest, the Museum
has three other facilities. A permanent exhibit entitled
“The Hungarian Industry” was established in 1986 in
the Széchenyi palace at Nagycenk in West Hungary.
Count Istvan Széchenyi (1791-1860), in whose palace
the exhibit is located, was a statesman who promoted
industrial development in Hungary during the first half
of the nineteenth century, and who in 1825 founded the
Hungarian Academy of Science, endowing it with the
income from his estates. A second permanent exhibit
presents the history of phototechniques. It is located at
the Forte Photochemical Works in Vic, north of
Budapest. A collection of computers is stored in a facil-
ity owned by the museum in South Hungary.

The Ministry of Culture, which administers all the
museums in Hungary, had promised in 1970 that an ex-
hibit hall for the Museum of Science and Technology
“would be constructed under the next five-year plan.”
When the building was not forthcoming, Dr. Szabadvary
discovered that the Minister of Finance had added two
letters to the planning document, changing the word for
plan to the plural, and thus extending the promise to the
indefinite future. A site for the future museum has been
reserved, however, in the territory of the future univer-
sity campus in Lagymanos in south Budapest. An exhi-
bition hall of 2,500-3,000 square meters of exhibition
surface is to be built at this site, while the stores and
offices are to remain at the present location. Govern-
ment financing has still not become available.

Professor Szabadvéry retired as Director of the
Museum on December 31, 1993, but remains an active
scholar of the history of science and especially of the
history of chemistry. He was succeeded as Director by
Dr. Eva Vamos, who had served as Deputy Director of
the Museum for the previous five years. Dr. Vamos is
also a prominent historian of science who is particu-
larly noted for her contributions to the history of women

. in science.
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A STEREOCHEMICAL ACHIEVEMENT OF

THE FIRST ORDER:

ALFRED WERNER’S RESOLUTION OF
COBALT COMPLEXES, 85 YEARS LATER

George B. Kauffman, California State University, Fresno

Listen, old man; take my advice.
Give me the cobalt in a thrice.
Though Hell and Devil say me nay,
I shall resolve cobalt today (1).

With these words the Old One (der Alte, i.e., Werner)
challenges the King of the Spirits (Geisterkonig). Spurn-
ing the tempting gifts offered him by the King, he ap-
proaches the giant blue octahedron with a cry of “I want
to resolve cobalt” (Ich will das Kobalt spalten). He tears
one side of it away with his axe, removes the d-form,
and spins it on his little finger. As everyone joyfully
shouts, “It rotates, it rotates!” (Es dreht, es dreht!), der
Alte removes the /-form from the other side of the octa-
hedron and spins it on his little finger in the direction
opposite to the d-form.

Now that the momentous task has been accom-
plished, all the participants face the audience and tri-
umphantly sing the final chorus to the melody of Das
Studium der Weiber:

From early morn ‘till night so late
We’ll just rotate, rotate, rotate,
Until the world and all therein
Rotating spins to oblivion (2).

So ends the anonymous 1911 Weihnachtskommers (tra-
ditional student Christmas party) playlet in verse, Drehen
und Spalten (Rotating and Resolving) (3), whose au-
thorship the late Nobel Chemistry laureate Paul Karrer
(Ph.D., Universitit Ziirich, 1911) admitted to me. It

Alfred Werner (1866-1919) from George B. Kauffman,
“Alfred Werner-Founder of Coordination Chemistry,”
Berlin-Heidelberg-New York: Springer 1966,
Frontispiece

purports to tell in mock-heroic fashion the story of the
first successful resolution of an optically active coordi-
nation compound, a problem that had occupied Alfred
Werner (4) and a series of his students “over a period of
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some nine years” (5), according to his American
Doktorand Victor L. King (1886-1958) (Ph.D.,
Universitit Ziirich, 1912) (6), who finally solved the
problem. King, who was accustomed to being greeted
on the streets of Ziirich with the inquiry, “Nun, dreht es
schon?” (Well, does it rotate yet?), recalls how he walked
into Werner’s office with the long-awaited news. Werner
“leaned back in his chair, smiled, and said not a single
word” (5).

All the students knew that something extraordinary
must have happened when the always punctual Werner
failed to appear at his 5 PM. lecture. A young student
appeared, announcing that the lecture had been canceled.
Werner, fearing that the optical antipodes might racem-
ize, worked late into the night with King, making many
derivatives and measuring their rotations. But his fear
was unfounded, for the enantiomorphs proved to be re-
markably resistant to racemization in solution, both on
prolonged standing and even on heating to incipient
boiling (7).

Wermer atypically but elatedly accosted casual ac-
quaintances to tell them of his greatest experimental tri-
umph — a “stereochemical achievement of the first or-
der. (8)” Peter Debye offered his own personal account

9):

One early afternoon, when I went from the lake to
the Physics Institute after lunch, Werner hailed me
from the opposite side of the Rémistrasse. It turned
out that he wanted to talk to me about the fact that he
had succeeded in making a coordination compound
which showed rotation of the plane of polarization. I
was very much interested indeed but did not quite
understand why he talked to me, since we had had no
scientific discussions at all before that time .

The concepts of asymmetry and optical activity, although
introduced fairly late into inorganic chemistry, have
played a central role in organic chemistry. If modern
organic chemistry is considered to begin in 1828 with
Friedrich Wohler’s synthesis of urea, then Jean Baptiste
Biot’s discovery of optical activity in 1812 antedates
the very genesis of this field. Furthermore, Le Bel and
van’t Hoff’s concept of the tetrahedral carbon atom in
1874, which constitutes the foundation of stereochem-
istry, was proposed primarily to explain the optical isom-
erism investigated by Louis Pasteur and others. Itis to
Werner, however, that we owe the systematic introduc-
tion of the concept of optical activity into coordination
chemistry.

Although compounds containing asymmetric atoms
‘other than carbon, e.g., nitrogen, phosphorus, sulfur,
selenium, tin, and silicon, had been resolved before

Werner and King’s resolution, all these compounds had
involved atoms of tetrahedral configuration (10).
Werner’s work, on the other hand, involved a compound
of the octahedral configuration, which he had proposed
in his first paper on the coordination theory (1893) (11)
but which was still unproven. As a result of this work,
“The spatial configuration of the co-ordination complex
with six associating units is now as firmly established
as that of the asymmetric tetrahedral carbon atom” (12).

The resolution of optically active coordination com-
pounds, a feat that “shook chemistry to its innermost
foundations” (13), gained for Werner and his coordina-
tion theory the widespread recognition for which he had
been striving so long. In 1913, two years later, largely
because of this “most brilliant confirmation of [his] ste-
reochemical views” (14), Werner was awarded the Nobel
Prize in Chemistry “in recognition of his work on the
linkage of atoms in molecules by which he has thrown
new light on earlier investigations and opened up new
fields of research especially in inorganic chemistry” (15).

Werner’s Earlier Research on Optical
Activity

Contrary to common belief, Werner did not mention
optical activity in his first paper on the coordination
theory (11). It was not until 1899, the same year in which
he accomplished his first resolution — that of the or-
ganic compound, trans-hexahydrophthalic acid — with
his assistant Hermann Erich Conrad (Ph.D., Universitiit
Ziirich, 1898) (16) — that he and A. Vilmos considered
for the first time in print the fact that molecular asym-
metry for certain types of complexes containing chelate
ligands (17) is a geometric consequence of his postu-
lated octahedral configuration (18):

Thus, for the oxalatodiethylenediaminecobalt salts
[modern, bis(ethylenediamine)oxalatocobalt(III) salts
(19) and similar compounds, we may predict a new
type of isomerism which belongs to the class of asym-
metry isomerism, of which until now the usual car-
bon asymmetry and the molecular asymmetry of the
inositols [cyclohexanhexanols] are known (19).

The first evidence that Werner had recognized that reso-
lution of such compounds would provide an elegant,
definitive proof of his stereochemical views and that he
was actually attempting to resolve them is found in a
letter of February 20, 1897 to Arturo Miolati antedat-
ing this paper by two years (20):

At present we are searching for asymmetrically con-
structed cobalt molecules. Will it be successful ?
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King's estimate of the time that Werner had spent on

unsuccessful resolutions was thus a conservative one.
More than a decade after this letter, success still

eluded Werner, but he had not abandoned his goal (21):

I see from your beautiful paper in the Berichte that
you have been more successful in resolving
propylenediamine than we have. Now I wish to ask
you whether you would permit me to use the active
propylenediamine in the investigation of compounds
[(O,N),Copn,]X, of which we have already obtained
five inactive series.

Further proof of continuing activity in the field is a
sample in the Werner collection of complexes labeled
“Resolution experiment on [CoCO,en,]Br [en = ethyl-
enediamine] by means of silver d-tartrate, 20/1. 1908,
Dubsky” (22). It was on this compound that King be-
gan experimental work on first arriving in Ziirich (23),
but after a year of unsuccessful attempts at resolution,
he abandoned it.

Werner and King’s Resolution

Werner chose the most widely used method of resolu-
tion, Pasteur’s diastereomer formation, which often
failed because the naturally occurring optically active
acids and bases then available for use as resolving agents
were weak and their salts were not very stable in solu-
tion. Kipping and Pope’s synthesis from naturally oc-
curring (+)-camphor of resolving agents that are strong
acids or bases, such as (+)-camphorsulfonic and (+)-
bromocamphorsulfonic acids, provided Werner and King
with the agent that finally brought them success (24).

The resolution involved two series of complexes —
the cis-amminechlorobis(ethylenediamine)cobalt(I1I)
salts, [CoCl(NH3)en2]X, (with King) and the corre-
sponding cis-bromo- salts, [CoBr(NH3)enp] X, (with
Werner’s Privat-Assistent Ernst Scholze, Ph.D.,
Universitdt Ziirich, 1911) (25). The latter series is easier
to resolve because of the greater difference in solubility
between the diastereomers that are formed with the re-
solving agent, silver (+)-3-bromo-9-camphorsulfonate.
For both series the (+)-bromocamphorsulfonate of the
(+)-antipode is less soluble than that of the (-)-antipode.

According to King’s laboratory notebook (Ref. 23,
p. 21, undated but sometime between April and June
12, 1911), “With the Bromoammine Reihe [series] the
dextro salt falls right out and no fractionation is neces-
safy.” King later recalled (5):

I shall never forget the day that the optically active
isomers were first attained. In connection with this
work, I had been carrying out some 2000 fraction-

ations and had been studying Madame Curie’s work
on radium for that purpose. After having made these
2000 separate fractional crystallizations which proved
that the opposite ends of the system were precisely
alike and that we had to do something more drastic, I
proposed increasing the dissimilarity of the
diastomers [sic] by using brom camphor sulfonic acid
as a salt-forming constituent having extremely high
optical activity. When this was tried, the isomers in
the form of these salts literally fell apart.

A solution of the chloro- or bromo- racemic salt was
treated with a solution of the resolving agent, where-
upon the (+)(+)-diastereomer precipitated and was re-
moved by filtration (26). The (-)-dithionate was precipi-
tated from the mother liquor by addition of sodium
dithionate. The recrystallized (+)(+)-diastereomer was
treated with concentrated hydrochloric acid to yield a
precipitate of the (+)-chloride, while the (-)-chloride was
precipitated by grinding the (-)-dithionate with concen-
trated hydrochloric acid, followed by cooling. The pro-
cedure is reproducible (27) and has been modified and
simplified for use as a classic experiment for the under-
graduate inorganic laboratory (28).

The resolution, which Werner considered to con-
firm “one of the most far-reaching conclusions of the
octahedral formula,” proved that “metal atoms can act
as central atoms of stable, asymmetrically constructed
molecules [and] that pure molecular compounds [coor-
dination compounds] can also occur as stable mirror
image isomers, whereby the difference between valence
compounds [ordinary compounds], which is still fre-
quently maintained, disappears entirely” (26). Accord-
ing to King, it was “the last proof for the octahedral
formula assumed by A. Wemer” (29).

Wermner’s numerous contributions to coordination
chemistry sometimes tend to obscure the fact that he
was trained under Arthur Hantzsch as an organic chem-
ist with an emphasis on stereochemistry, was originally
called to Universitét Ziirich to teach organic chemistry,
and was not assigned the main lecture in inorganic chem-
istry until the winter semester 1902/03 (Ref. 4, pp. 38-
39). It was not until 1898, when his reputation was firmly
established in coordination chemistry, that the number
of his inorganic articles — 21 — reached that of his or-
ganic papers (30).

Therefore the question as to why it took Werner so
long to succeed in resolving coordination compounds is
not only an interesting but a legitimate one (31). Many
anionic complexes such as oxalato compounds, which
contain the chelate ligand with which Werner first con-
sidered the possibility for optical isomerism (17), race-
mize readily; and he might have achieved resolutions of

-—-——
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these compounds without recognizing them. The most
common resolving agents such as (+)-tartaric acid are
unsuccessful in the case of most coordination com-
pounds, and the resolving agent that eventually proved
to be successful — (+)-3-bromo-9-camphorsulfonic acid
— was not readily available at the time. Because its syn-
thesis was a long and tedious process, Werner probably
did not try it until he had exhausted all other possibili-
ties. Furthermore, recent improvements in instrumen-
tation may have played a great role in Werner’s success.
It was only shortly before Werner achieved his long-
sought success with the Schmidt & Haensch Model No.
8142 polarimeter that this instrument, whose new fea-
tures for measuring small rotations such as the Lippich
half-shadow (Halbschatten) device increased the pre-
cision in determining the zero points with the deeply
colored solutions with which he had to work. Although
at the time optical rotations were measured at the so-
dium D-line wavelength, the intense colors of Werner’s
solutions must have made use of this wavelength diffi-
cult. Around the time of Werner’s success Hans Heinrich
Landolt introduced the use of filters to obtain different
wavelengths, and Werner reported all his optical rota-
tion values as [0]c rather than [at]p. Finally, the resolu-
tion of optical isomers in the absence of exact direc-
tions is as much an art as a science.

Rather than asking why it took Wemer so long,
perhaps we should marvel that he succeeded in the time
that he did. Considering the possible variety of coordi-
nation compounds and choice of resolving agents, in-
struments, and wavelengths as well as the highly spe-
cific experimental conditions sometimes required, it is
not unlikely that, even for someone with Werner’s ex-
perimental skill and chemical intuition, many years of
hard work might have been needed to solve the prob-
lem. In short, an extensive Edisonian trial-and-error
approach was necessary, and the large number of pos-
sible experiments to be attempted rendered the possi-
bility of success small. In any case, Werner’s conclu-
sive proof of an octahedral configuration for cobalt(III)
by the resolution of certain coordination compounds
was due to his persistent belief in his own ideas and his
unrelenting attempts to prove them, despite what others
might have found to be insurmountable experimental

- obstacles.

Further Resolutions

It is a repeating historical scenario that whenever any-
thing substantially new is being attempted, much time
and effort are required to discover the first successful
example; thereafter, numerous examples are quickly and

readily developed. Thus a long period of search is fol-
lowed by several years of fruitful and prolific produc-
tivity. As Paul Karrer expressed it in the present case,
“Whenever Werner opened up a new field, he expanded
it with unbelievable speed” (13). Once Werner had dis-
covered the means of resolving coordination compounds,
a large number of papers describing resolutions of ad-
ditional complexes —more than forty series within eight
years — appeared with great speed from his institute.
Together with Michael Basyrin (Ph.D., Universitit
Ziirich, 1915), he even repaid his debt to Pasteur by us-
ing optically active inorganic complexes, which he had
resolved with organic resolving agents, to resolve an
organic compound, dimethylsuccinic acid (32).

In the second article in his 12-part series “Toward
an Understanding of the Asymmetric Cobalt Atom” (33)
Werner resolved compounds of the cis-[Co(NO2)2ens]1X
(flavo) series by a combination of two resolving agents
— (+)-camphorsulfonic acid, which forms a less soluble
(-)-salt, and (+)-3—bromocamphor-9-sulfonic acid,
which forms a less soluble (+)-salt. In this way he was
able to avoid using the sulfonic acid derivatives of the
uncommon (-)-camphor. All his attempts to resolve salts
of the corresponding trans-[Co(NO3)z2enz]X (croceo)
series were unsuccessful, in support of his octahedral
hypothesis, which predicted that only the cis- and not
the trans- isomer should exist in asymmetric forms. It
also added resolvability as a new and powerful weapon
to the arsenal of the stereochemist seeking to determine
the configuration of geometrically isomeric complexes.

In Werner’s third paper in the series (34) the reso-
lution of cis-[CoCINOjenz]X by means of ammonium
(+)-camphorsulfonate and ammonium (+)-
bromocamphorsulfonate provided an unusual case of
mutarotation, similar to that observed with dextrose
among organic compounds, caused by a rapid aquation
reaction:

[CoCINO,en,]Cl + H,O0 & [CoNO,H,Oen,]Cl

Because coordinated chlorine atoms appear to be re-
placed by water when silver salts are used as resolving
agents, in his fourth paper in the series (35) Werner used
ammonium (+)- and (-)-bromocamphorsulfonates to re-
solve cis-[CoCl,en,]X. Although stable in the dry state,
the active salts racemized in solution to form inactive
aquachloro and diaqua salts. Yet in some cases Werner
was able to replace coordinated chlorine atoms with other
atoms without loss of optical activity. He also observed
that some reactions proceed with a change in the sign of
rotation, but he realized that the sign of rotation of a
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complex is not determined simply by its absolute con-
figuration and that consequently a change in sign need
not be attributed to an inversion of configuration.

In the fifth paper in the series (36) Werner resolved
[Coen3]X3 salts by crystallization of the chloride tar-
trate or bromide tartrate, one of the few cases among
inorganic complexes in which tartaric acid proved use-
ful as a resolving agent, the other case being that of the
structurally similar [Rhen3]X3 (37). He regarded the
resolution of tris(ethylenediamine)cobalt(III) salts as
particularly important because it furnished conclusive
proof for the correctness of the octahedral configura-
tion, in that it eliminated the hexagonal planar and trigo-
nal prismatic configurations, which would possess a
plane of symmetry for compounds of type [M(AA)3].

- It also demonstrated that optical activity does not re-

quire the linkage of different groups to the central atom,
and it explained the optical activity of many minerals
such as basic polynuclear salts which may be regarded
as constitutionally similar to [Mens] salts (38).

All attempts to resolve by diastereomer formation
with optically active anions the salts with which King
began his work, viz., [CoCO3en;]X, were unsuccessful.
Therefore in the sixth paper of the series (39) Werner,
together with the late Thomas Potter McCutcheon, who
was my general chemistry instructor at the University
of Pennsylvania in 1948, synthesized optically active
[CoCO3eny]X by the action of potassium carbonate on
optically active cis-[CoCleny]X salts, a reaction later
investigated by Bailar (40) and others. Werner and
McCutcheon also prepared optically active
[CoC,04en3]X by reaction of active cis-[CoCleny]X
with potassium oxalate rather than by resolution of the
racemic mixture (39). In attempting the latter Werner
developed a new method of resolution — preferential
crystallization (21b), a procedure currently used in Ja-
pan to produce L-glutamic acid in tonnage quantities.

Because all attempts to resolve cis-
[Co(NH3)2en3]X3 salts by means of optically active
acids had ended in failure, in the seventh paper of the
series Werner and Shibata (41) converted optically ac-
tive cis-[CoBrNHzen] X salts (26) into the correspond-
ing active diammine salts by treatment with liquid am-
monia:

cis-[CoBrNH,en,]X, + NH, — cis-[Co(NH,),en,]X Br

In the eighth paper of the series (42) Werner and
Tschernoff resolved cis-[CoBrClen,]X salts by precipi-
tation with ammonium (+)- and (-)-bromo
camphorsulfonates. In solution the active salts undergo

aquation with complete loss of activity within 30-60
minutes.

In the ninth paper of the series (43, 44) Werner
proved that polynuclear as well as mononuclear com-
plexes could be resolved, demonstrating his theoretically
predicted analogy between compounds containing two
asymmetric carbon atoms and polynuclear complexes
with two metal atoms, another striking confirmation of
his octahedral hypothesis. In complete analogy with
tartaric acid, Werner prepared

[enyCo(NH3)(NO3)Coenjp]X4

in a racemic (+)(-) form; (+)-and (-)-enantiomers; and
an internally compensated, nonresolvable meso form.

According to the coordination theory, the two co-
balt atoms in these binuclear complexes should not be
structuraily identical because one is bonded by a princi-
pal valence (Hauptvalenz) to NO; and by a secondary
valence (Nebenvalenz) to NH and the other vice versa.
However, the inactivity of the meso form indicates that
the two cobalt atoms exhibit no difference even in their
action on the plane of polarized light and that the NH»
and NO; groups are symmetrically located with respect
to the cobalt atoms. Consequently, Werner concluded
that “no essential difference can exist between princi-
pal and secondary valence bonds” (kein prinzipieller
Unterschied zwischen Haupt- und
Nebenvalenzbindungen bestehen kann) (43), a statement
that he also subsequently made on other occasions.

In the tenth paper of the series (45) Werner, together
with Hedwig Kuh (Ph.D., Universitit Ziirich, 1912) and
Paul Wiist (Ph.D., Universitit Ziirich, 1913), resolved

[enyColll(NH5)(02)ColVeny] X4

(previously prepared in (46)) into three forms — (+),(+);
(-),(-); and (+),(-) (His formulations with Co(IV) are now
known to be incorrect; the two cobalt atoms are equiva-
lent and tripositive, and the O, is a superoxide bridge).
By allowing the parent compound to react with various
reagents, he also obtained the following optically active
compounds:

[en,Co(NH)(O,)Coen,]X,,
[en,Co(NH.HX)(O,)Coen,]X,
(probably [en,Co(NH,)(O,)Coen,]X,.HX),
[en,Co(NH,)(OH)Coen,]X,,
[en,Co(NH,)(NO,)Coen,]X,
(previously resolved in (43),
and [en,Co(NH,)(SO,)Coen X,

I\‘ .
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In the eleventh paper of the series (18b) Werner and
Jakob Bosshart (Ph.D., Universitiit Ziirich, 1914) used
preferential crystallization to resolve [CoC,0 en, ]X, the
series in which he first predicted the possibility of opti-
cal isomerism (19). By adding a “seed” crystal of (+)-
[CoC,0,en,]Br to a concentrated solution of racemic-
[CoC,0,en,]Br, followed by addition of alcohol and
ether, they obtained a precipitate of pure (+)-
[CoC,O,en,]Br. They then recovered the (-)-isomer
from the solution.

The Final and Unequivocal Proof

Although the complexes that Werner had resolved up
to this time (1914) represented a remarkable variety of
compound types, they all possessed one common char-
acteristic — they all contained carbon. Even though the
symmetrical carbon-containing ligands (ethylenedi-
amine, bipyridyl, or oxalate ion) are themselves opti-
cally inactive, any chemists opposed to Werner’s views
might maintain that the optical activity of the resolved
complexes was in some way due to the presence of these
ligands and thus cast doubt on the validity of the octa-
hedral configuration for not only cobalt(IIT) but also
for chromium(III), rhodium(III), and iron(II), whose
complexes Werner had also resolved.

For this reason, the twelfth and last article in
Werner’s series on the asymmetric cobalt atom (47) was
a particularly satisfying and welcome one, for it vindi-
cated his octahedral concept for even his most skepti-
cal contemporaries (48-50). In his own words, the reso-
lution proved that “carbon-free inorganic compounds
can also exist as mirror image isomers” (47) and that
therefore “the difference still existing between carbon
compounds and purely inorganic compounds disap-
pears” (47). Finally, he had verified experimentally a
conviction that he had held for many years — there is no
essential difference between organic and inorganic
chemistry.

It is ironic that the completely inorganic
tetranuclear tris[tetraammine-p-dihydroxo-
cobalt(IIT)]cobalt(III) salts that Werner and his female
Doktorandin Sophie Matissen (Ph.D., Universitit
Ziirich, 1912) succeeded in resolving were first pre-
pared by Jgrgensen (51), whom Werner graciously ac-
knowledged in his Nobel acceptance address. With
Ernst Berl (Ph.D., Universitdt Ziirich, 1911), Ernst
Zinggeler (Ph.D., Universitit Ziirich, 1902), and Gustav
Jantsch (Ph.D., Universitit Ziirich, 1907), Werner had
showed that they possess the constitution
[Co{(OH),Co(NH3)4}31X¢ (52). They are thus struc-

turally similar to [Men3]}X salts with the inorganic
[(OH),Co(NH3)4]* ions in place of the organic ethyl-
enediamine molecules and should therefore be capable
of existing in optically active forms.

The resolution of the bromides with silver (+)-
bromocamphorsulfonate was very tedious because of the
slight differences in solubility between the diastere-
omers. Optical rotation measurements were difficult
because of the dark color of the solutions and were made
in 50% aqueous acetone to minimize the rapid racem-
ization. Nevertheless, a modified form of the resolu-
tion is reproducible (53) and has been adapted as an
undergraduate laboratory experiment (54). Since
Werner’s classic resolution only five other completely
carbon-free inorganic complexes have been resolved,
viz.,

[Rh{(NH2)2503 }2(H20)2]" (55),
[Pt(S5)3]% (56),
cis-cis-cis-[Co(CN)2(NHz)2(Hp0)2]* (57),
cis-cis-cis-[Co(NO7)2(NH3),(H20)2]* (57),
and [Cr(HPO3)3]3- (58).

Conclusion

From the inception of his studies of optical activity,
Werner did not limit himself to the complexes of cobalt.
He succeeded in resolving coordination compounds of
chromium(III), iron(IT), rhodium(III), iridium(III), and
platinum(IV), which are discussed elsewhere (59). He
continued his research with cobalt to include complexes
with optically active unsymmetrical ligands. For ex-
ample, he and his assistant A. P. Smirnoff (60) resolved
cis-[Co(NO,),enpn]Br; this compound illustrated a new
and complicated type of isomerism, which arises from
three causes — (1) cis (flavo) geometric isomerism, (2)
ligand isomerism ((+)-pn or (-)-pn), and (3) structural
isomerism caused by the unsymmetrical nature of the
pn ligand (cis isomer only). It is a tribute to Werner’s
octahedral model that he could predict the existence of
ten optically active isomers of this complex and a trib-
ute to his experimental skill that he was able to isolate
them even though he was unable to assign unambigu-
ous structures to all of them.

In his last article (61), published with Jeanne
Elisabeth Schwyzer (Ph.D., Universitit Ziirich, 1919)
and Walter Karrer (Ph.D., Universitidt Ziirich, 1919),
more than a year after his premature death, Werner con-
firmed his view that B-diketonate anions occupy two
coordination positions (62, 63) by preparing optically
active acetylacetonatobis(ethylenediamine)cobalt(III)
and propionylacetonatobis(ethylenediamine)cobalt(III)
salts.
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Thus, during his last years, Werner devoted him-
self almost exclusively to the optically active complexes
that had proved his stereochemical views and had
brought him the Nobel Prize in Chemistry. His studies
of these complexes underlie much of the more recent
and sophisticated studies of the thermodynamics; kinet-
ics; visible, ultraviolet, infrared, NMR, and EPR spec-
tra; rotatory dispersion; circular dichroism; ligand ex-
change; racemization; absolute configuration; and other
aspects of these and similar compounds. Although some
of his resolution methods have been improved upon, and
his specific rotation values have proved to be too low,
he was a true pioneer who first opened a previously un-
suspected field. In his last works he stood on the thresh-
old of an extremely complex area of research — the study
of optically active coordination compounds containing
optically active ligands. If his creative and fruitful life
had not been cut short by his death at the early age of
53, Alfred Werner certainly would have made many sig-
nificant contributions to this field.
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WILLIAM DRAPER HARKINS:
AN EARLY ENVIRONMENTAL CHEMIST IN

MONTANA (1900-1912)

Richard E. Rice, James Madison University, and George B. Kauffman, California

State University, Fresno

William Draper Harkins (1873-1951) is no longer the
household name among chemists that it was earlier this
century. As a physical chemist at the University of Chi-
cago for nearly forty years, he was well known for his
research in nuclear and atomic structure and isotope
separation, as well as surface chemistry, for which he
received the Willard Gibbs gold medal from the ACS
Chicago Section in 1928(1). In a posthumous tribute
to Harkins, the Nobel laureate Robert S. Mulliken re-
called (2):

When I came to Chicago as a graduate student in
1918, it was because I had read about Harkins’ pio-
neering work toward the understanding of nuclear
structure, a subject ignored at that time by American
physicists. In fact, during the period 1913-1928,
Harkins and his students were the only Americans
engaged in work relating to the structure of the
atomic nucleus. :

Scientists outside Harkins’ area of research also recog-
nized the importance of his work; for example, in 1923
Harvey W. Wiley grouped him with Soddy, Aston, and
Rutherford in connection with his knowledge of “the
constitution of the atom” (3).

Prior to his career at Chicago, however, Harkins
spent a dozen years a the University of Montana in
Missoula, where for much of that time his research in-
terests were directed towards what would now be called
environmental chemistry. After receiving his B.A. in
chemistry from Stanford University in May, 1900(4),

he became Instructor in Chemistry and Physics (1900-
1901) and the Professor and Head of Chemistry (1901-
1912) at Montana. Chemistry prospered under Harkins’
leadership, and his first departmental report outlined the
changes he had already made or was planning to make
in the curriculum: a new course in physical chemistry;
expansion of introductory chemistry from one semester
to a full year; new courses in inorganic preparations,
organic analysis, and gas analysis once the necessary
equipment arrived from Germany; a new course in in-
dustrial chemistry in conjunction with the Department
of Mechanical Engineering; and a lecture course in ana-
lytical chemistry to supplement the existing laboratory
work(5).

The University of Montana had begun offering
graduate study before the turn of the century—the first
master’s degree was awarded in geology in 1899 (6)—
and in his report for 1902-1903 Harkins mentioned the
three graduate students then studying chemistry (7):

Two of these work in the laboratory from eight to ten
hours per day, Saturdays included. The third, Mr.
Martin Jones, spends most of his time in the chemi-
cal laboratory working upon the analysis of Montana
Ores, his thesis for the Masters Degree being upon
this subject.

Another candidate for the master’s degree was George
Westby, a 1901 graduate of the University and subse-
quently Chief Chemist of the Washoe Smelter at Ana-
conda. The topic of his thesis, which was apparently
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never completed, “An
Examination of the Wa-
ters of Montana,”
prompted Harkins to
write (7):

It is of great impor-
tance to the people of
any community to
know whether the wa-
ter they are using is
pure or impure. If the
former, no one need be
afraid of moving into
the community and us-
ing the water in abun-
dance; if the latter,
steps should be taken
at once to purify the
water, or to obtain a
new source of supply.

Interestingly, while he
was directing graduate
students in chemistry,
Harkins held no ad-
vanced degree himself,

though in the summer of
1901 he had enrolled in
some graduate courses at
the University of Chi-
cago: Advanced Experi-
mental Physics, Special
Methods in Quantitative
Analysis, and Inorganic Properties. He returned to Chi-
cago again during the summer of 1904 to take three more
graduate courses: Kinetic Theory, Hertzian Waves, and
Chemical Research (8). During the fall semester of 1905,
he took a leave of absence from his teaching duties at
Montana to register as a graduate student at Stanford.
In his report for that academic year Harkins wrote about
himself in the third person (9):

During the last half of the year 1905, the Professor
of Chemistry was absent on leave without pay, and
spent the time in research work at Leland Stanford,
Jr., University. It is impossible, at the present time,
for any college teacher of science to keep from grow-
ing rusty in his own line of work, unless he is given
frequent leaves of absence in order that he may learn
what other workers in the same subject are doing.
This is particularly true in the Rocky Mountain states,
where, especially in the case of Chemistry, there are
very few scientists of note. . . . It would be, then,
good policy for the institution, as is already done in

Figure 1 The campus of the University of Montana in 1904. From left to right,
Gymnasium (razed in 1965), University (Main) Hall, Science Hall (razed in 1983; the
Davidson Honors College recently erected a new building on this site), and Women’s Hall.
University Hall is still the main administrative building on campus, and Women’s Hall now
houses Mathematical Sciences (photograph from the K. Ross Toole Archives, Mansfield
Library, University of Montana)

most of the other leading institutions, to give the in-
structors a leave of absence on pay each seventh year,
on condition that this year be spent in research or
study at some great university, or in some laboratory
in which first class research work is done.

At nearly the same time that Harkins wrote this appeal,
he was negotiating for the position of Head of Chemis-
try at the University of Nevada, and one of his major
negotiating points, along with a significant increase in
salary, was the possibility of paid leaves of absence (10).

As a graduate student at Stanford, Harkins carried
out his research under the direction of Robert Eckles
Swain (1875-1961), who had received his B.A. from
Stanford only a year before Harkins. Awarded a Ph.D.
in biochemistry in 1904 by Yale University (11), where
he studied with the physiological chemist Lafayette
Mendel (1872-1935) (12), Swain had become interested
in the effects of industrial pollutants on human health
and the environment. He undertook several surveys and
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investigations of smelter operations for the Federal gov-
ernment and acted as a consultant to many large-scale
pollution studies (13). From 1905 to 1907 he worked
with Harkins on the effects of the smelter emissions at
Anaconda on nearby plant and animal life. On January
10, 1908, Stanford University awarded Harkins its first
Ph.D. in chemistry (14). His thesis was published in
1907-1908 as a series of three papers under the general
heading Papers on Smelter Smoke (15).

Harkins was again on leave from his regular teach-
ing duties during the fall semester of 1909. In May of
that year, he sailed from New York to Liverpool on the
Lusitania. First, he attended the International Congress
of Applied Chemistry in London (16), and then he spent
the summer doing research with Fritz Haber at the
Institut fiir physikalische Chemie in Karlsruhe, where
he was given a project on surface tension. For the fall
semester he was at the Massachusetts Institute of Tech-
nology, working with Arthur Amos Noyes and Gilbert
Newton Lewis on electrolyte solubility (17). In his ac-
ceptance speech for the Willard Gibbs medal nearly
twenty years later, Harkins recalled (18):

As an undergraduate, research appealed to me as one

of life’s great adventures . . . While the study of the
atom and of radioactivity, then a new subject, had an
extreme fascination, there were two subjects of in-
vestigation in physical chemistry which seemed to
me of such minor importance that I took a firm reso-
lution never to be enticed into working on either of
them. These two fields of work were surface tension
and solubility.

Luckily for Harkins, Haber and Noyes overcame his un-
dergraduate resolution since these two fields proved in-
fluential in shaping his later research interests (19).
From MIT Harkins returned to Montana for only
two more years before leaving for the University of Chi-
cago. In addition to his academic duties during his
twelve-year stay in Missoula, Harkins was also presi-
dent of the Missoula Board of Health and acted as a
consulting chemist for the U.S. Justice Department, the
Mountain Copper Company, and the Deer Lodge Valley
Farmers’ Association (20). The latter two organizations
were specifically mentioned by Ebaugh (21) for their
roles in the growing “number of damage suits brought
against smelting companies” beginning about the turn
of the century. In another well-known case involving
pollution by two copper companies near Ducktown,

E
»

od R

e O

s S
ET >

-y

Figure 2 William D. Harkins (front row, left center) as the young Professor of Chemistry at the University of
Montana; the others are unidentified faculty and students (undated photograph from the K. Ross Toole Archives,
Mansfield Library, University of Montana)
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bined capacity of 4,000 tons of
ore per day, with a much larger
single facility, the Washoe
Smelter, with a capacity of
12,000 tons per day and four
225-foot smokestacks. In less
than a year farmers in the vicin-
ity of the new smelter reported
the deaths of hundreds of sheep
and cows, along with nearly
2500 horses (28).

In November 1902 Harkins
began measuring arsenic con-
centrations in plants and soils at
numerous locations within fif-
teen miles of the new smelter,
and for these analyses he suc-
cessfully modified the Marsh

Figure 3 Copper-smelting operation at Anaconda in the early 1900’s (undated
photograph from the K. Ross Toole Archives, Mansfield Library, University of

Montana)

Tennessee (22), Harkins was called to testify as an ex-
pert witness (23). Although publications on smelter
problems in the U.S. at this time usually cited work car-
ried out in Germany in the second half of the nineteenth
century (24), there was increasing scientific interest in
such work in America as evidenced by the more than
seventy entries of articles and patents under the subject
heading “Fumes, smelter” in the First Decennial Index
(1907-1916) of Chemical Abstracts.

Of all of Harkins’ consulting work, however, his
longest and most extensive was with the Deer Lodge
Valley Farmers’ Association, for which he investigated
the effects of smelter emissions at Ana-

method for his samples, which
contained iron (29). By heat-
ing the Marsh generator (Fig. 4)
to 100°C, he was able to elimi-
nate the interference of iron in the quantitative reduc-
tion of arsenic oxides to arsine. His arsenic determina-
tions on a series of eleven test samples, each containing
1.88 mg of arsenic and varying amounts of iron up to
0.4 g, all show an error of less than about 4% (30).

As a result of the deaths of so many animals and
the high arsenic concentrations found in grass and hay
in the valley around Anaconda, the company shut down
the new smelter from July through September of 1903
in order to install a new system of flues and a 300-foot
smokestack, which were expected to reduce the amounts
of arsenic, copper, and sulfur dioxide in the emissions.

conda on plant and animal life during
the years 1902-1910 (25). Anaconda
had been the site of smelting operations
since 1884, when Marcus Daly,
Montana’s “Copper King,” built the
first smelter there for the Anaconda
Copper Mining Company (26). Emis-
sions from these operations had de-
nuded the surrounding area of vegeta-
tion, which consisted mainly of shrubs
that were considered useless, so their
loss was not seen as a serious problem
@27.

In January 1902, however, the
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Anaconda Company replaced its two
existing smelters, which had a com-

Figure 4 The Marsh generator used by Harkins in arsenic determinations
(from reference 29, p. 520)




64

Bull. Hist. Chem. 20 (1997)7

Animal deaths decreased dramatically, at least for a
while, and in early 1905 the company announced that
the modifications to the smelter had achieved their ob-
jective. The farmers, however, were not so sure; they
believed that the problems had merely been altered, not
eliminated, as the taller smokestack spread the smelter’s
emissions over a different—and larger—area than be-
fore (31). Their lawsuit against the Anaconda Company,
filed in May 1905, eventually resulted in a small mon-
etary award, but the judge refused to issue an injunction
against the company, ruling that the smelter operation
was of greater importance to the region than agricul-
ture. The considerable attention generated by the case
sparked several scientific investigations into the area’s
problems, including the studies of Harkins and Swain
(32). :

Beginning in mid 1905, Harkins and Swain carried
out velocity determinations and chemical analyses on
the smelter emissions from the 300-foot smokestack. On
the basis of four samplings in July and August, they
found that the smoke moved at an average velocity of
52.88 feet per second and that the stack emitted nearly
2.3 billion cubic feet of smoke per day (measured at an
average outside temperature of 17°C). Their chemical
analysis of the smoke, based on the same four samplings,
is given as an average daily discharge in Table I (33).
As an indication of the extreme amounts that these fig-

whereas the average percent determined by Harkins and
Swain was 1.493% (33). These same EPA standards
also limit the particulate matter emitted to 50 mg/m’
and arsenic to 75 kg/h (34), considerably less than the
values of 1000 mg/m3 and 848 kg/h, respectively, cal-
culated from Harkins and Swain’s data for the Washoe
Smelter.

Harkins and Swain (35) concluded that while the
new flue system had indeed reduced arsenic and copper
emissions to the atmosphere, significant amounts of ar-
senic trioxide, which condensed to the solid state in the
flue, were still being discharged because it was too fine
to settle out of the smoke moving at the observed ve-
locities. They also concluded that the taller smokestack
had decreased the amount of arsenic deposited in the
immediate vicinity of the smelter but spread it over a
greater area instead, just as the farmers had claimed.
This was true for all the substances examined, and thus
the damage to trees and other vegetation from sulfur
dioxide extended to areas that had previously escaped
its effects. By 1910 emissions from the Washoe Smelter
had affected approximately 570 square miles of sur-
rounding territory, a considerably larger area than that
affected before the operation of the taller smokestack
(36).

Harkins and Swain also investigated the amounts
of arsenic and copper in vegetation, especially hay and

wild grasses (37), and the arsenic poisoning

TABLEI
AVERAGE CONTENTS OF SMOKE FROM THE
WASHOE SMELTER
Substance in Smoke  Discharge (Ib/day) from Stack
arsenic trioxide 59,270
antimony trioxide 4,320
copper 4,340
lead ' 4,775
zinc , 6,090
oxides of iron and aluminum 17,840
bismuth 880
manganese 180
silica 10,260
sulfur trioxide 447,600
sulfur dioxide 4,636,000

of herbivorous animals (38) in the area sur-
rounding the Washoe Smelter. Table II (39)
lists some of Harkins’ analyses carried out prior
to the installation of the flue system and the
construction of the taller smokestack (samples
1-5), and then shortly after the smelter resumed
operation (samples 6-9). Harkins collected
samples 2 and 5 from the same farm, but the
former had been exposed to smelter emissions
for approximately six months, while the latter,
cut in July and stacked, had been exposed for
less than three months. This difference in ar-
senic values was “fairly representative of a con-
dition which will be found to prevail with no-
table uniformity throughout the analyses” (40).
Samples 6 and 7 were collected shortly after
the smelter had been restarted following its
three-month shutdown, while sample 8 was
exposed to smelter emissions for an additional

ures represent, current EPA standards for primary cop-
per smelters require that gaseous emissions contain no
more than 0.065% sulfur dioxide by volume (34),

month during a very dry period. The large ar-
senic value for sample 9 suggests that because of “its
peculiar matted growth the moss may have collected the
arsenic which fell upon it like a natural fiber, and held
on to it from the previous year” (40).
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As;Os(ppm) Cu(ppm)

1551
166
88
283
36
10
13
52
405

-
TABLE 1T

ARSENIC AND COPPER IN GRASS AND HAY

Num. Sample Location Date

1 grass 025E Nov 1902
2 grass 30 W Nov 1902
3 grass 4.0 W Nov 1902
4 hay 1.5 S Nov 1902
5 hay 30 W Nov 1902
6 grass 40 E Oct 1903
7 hay 5.0 SE Oct 1903
8 grass 15.0 NNE Nov 1903
9 moss 15.0 NNE Nov 1903

the little that was available was
often contradictory. Therefore,
to compare the arsenic concen-
trations in tissues of the autop-
sied animals and also to try to
determine lethal amounts of

1800 ;

871 arsenic, Harkins and Swain fed
708 known amounts of arsenic to

_ horses and sheep and then ana-
216 lyzed various tissues for their
128 arsenic concentrations after the

_ animals’ deaths. These results,
164 as well as those of other experi-
237 ments they undertook toward

the same ends, proved inad-
equate to provide much insight

Both by himself and in collaboration with Swain,
Harkins continued to collect samples of vegetation from
the vicinity of Anaconda for arsenic analysis at least
through October 1907. Although these analyses by them-
selves did not justify any conclusions about the distri-
bution of arsenic throughout the area, they did, in con-
junction with arsenic analyses of soils and of the “finely
divided dark-gray powder” (41) that collected every-
where in the vicinity of the smelter, lead to “only one
interpretation, which is that the smelter smoke is the
source of the arsenic found in such excessive amounts
in the vegetation of the region around Anaconda” (42).

The final article in Harkins and Swain’s series Pa-
pers on Smelter Smoke(15) focused on the large num-
ber of deaths of sheep, cows, and horses around Ana-
conda -after the start-up of the new smelter in 1902.
Harkins himself observed the carcasses of hundreds of
animals during his travels over 100 square miles of ter-
ritory surrounding Anaconda in November 1902. Many
of these and other animals were dissected, and almost
all of them gave evidence of acute or chronic arsenic
poisoning (43). After tabulating the arsenic analyses of
82 organs, tissues, and fluids from nearly as many ani-
mals, Harkins and Swain tried to relate the amounts of
arsenic ingested by some of the animals to the amounts
found in their livers. This proved extremely difficult,
however, and their attempt was unsuccessful. On aver-
age, they found larger amounts of arsenic in those ani-
mals kept closer to the smelter, but concluded that the
condition of any particular animal was a more impor-
tant factor in the retention of arsenic in the various tis-
sues (44).

At the time of Harkins’ work, there was not much
data available on the arsenic poisoning of livestock, and

into their study of the effects
of arsenic on animals in the Anaconda region. As
Harkins and Swain somewhat ruefully concluded (45):

The question of the amount of arsenic which will kill
a farm animal, if fed daily, is a very important one to
the chemist who undertakes to investigate the condi-
tions existing in smelter regions. The effects depend
so greatly upon the conditions that even after such
an extensive investigation as that carried out by the
veterinariars, pathologists, bacteriologists, and chem-
ists, upon the present case, no very definite statements
can be made in regard to this point. A study of Table
I [Arsenic and Copper in Grass and Hay] of the sec-
ond paper of this series will give some idea of the
poisonous dose, for on almost all of the ranches listed,
animals have been supposed to die from arsenical
poisoning. On the other hand, there is almost no place
in the farming district where some of the animals will
not survive.

Despite the inconclusiveness of their investigations into
the deaths of animals in the Anaconda region, Harkins
and Swain gathered and published a large amount of
valuable scientific data about a smelter region at a time
when such conditions were not usually recognized as
environmental problems nor generally considered ap-
propriate topics for scientific investigations. Their work
helped establish Swain’s reputation in this field and led
directly to his participation in a subsequent study of the
Anaconda area for the Department of Justice (46).

For Harkins, however, these investigations repre-
sented only the opening chapter in a long and distin-
guished research career. By 1909 his attention was al-
ready shifting toward some of the topics that would oc-
cupy him for the rest of his life, and within the next two
years his top priority was to find an academic position
more conducive to his new interests. In 1912 he moved
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to such a position at the University of Chicago, leaving
behind the smelter problems at Anaconda and his ca-
reer as an early environmental chemist in Montana.
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BOOK NOTES

Explorations with Sugars : How Sweet It Was, Raymond
U. Lemieux, Profiles, Pathways, and Dreams Autobi-
ographies of Eminent Chemists, Jeffrey L. Seeman, Se-
ries Editor, American Chemical Society, Washington,
D.C., 1990, pp. 186 + xx.

With each autobiographical subject that enters the
reader’s mind is the need to ascertain why and how the
individual under consideration has arguably become one
of the “movers and shakers” of twentieth century or-
ganic chemistry. Despite inevitable variation among all
the authors, the vast majority do indeed share certain
common qualities; capability for performing enormous
amounts of work, outstanding intellectual creativity, the
capacity to engender motivational inspiration, unusual
leadership skills, a shrewd appreciation of the major
directions in which their discipline is heading, and com-
mon decency. Almost all of the individuals emerged as
dominant figures within a decade of completing their
formal education. Eminence in their chosen profession
of chemistry developed because all of these individuals
combine a greatness of character with obvious Olym-
pian ability. Lemieux is no exception to this analysis.
Yet, beyond their shared strengths and virtues there is
another aspect to these individuals - they are uniquely
interesting people. There is no one else in all of science
just like Raymond Lemieux. One marvels at how these
autobiographical subjects, in spite of so many personal
and professional qualities held in common, neverthe-
less, are so truly individualistic.

From incidents that took place in his youth, one is
struck by the complex facets that made up Lemieux’s
personality. How many other tough kids from Edmonton
who similarly grew up in humble circumstances would
be capable, as a high school student, of independently
discovering the law of Dulong and Petit while “fooling

around” with his chemistry lessons? As is so common
with many other emerging scientific personalities, one
sees in this teenager’s pedagogical experience the fu-
ture scientist’s innate capacity for complex pattern rec-
ognition. At a time when other boys his age were learn-
ing to drive the family car, Lemieux was already ex-
hibiting that very rare combination of curiosity, intel-
lectual playfulness, and an inner need for insight into
the aesthetic aspect of Nature that drives the true
scientist’s spirit. It was this same interest in tying to-
gether loose ends and data misfits that over and over
again helped Lemieux to make extremely important
discoveries. How many other chemists in trying to
empirically fit together proton NMR spectra would
have, with hardly a shred of theoretical scaffolding as a
basis, been willing to propose negative coupling con-
stant signs to fit their data? How many academic or
industrial chemists could combine the ability to be both
creative and courageous - unwilling to be discouraged
from at least entertaining an unusual hypothesis until it
could be replaced by something closer to the truth. Re-
peatedly, Lemieux juxtaposes the hard work of estab-
lishing reliable data against the need to stretch beyond
the obvious in order to find a satisfying explanation for
a current mystery. To borrow a phrase made popular in
a contemporary American television program,
Lemieux’s style is always an optimistic unfolding of
the simple aphorism: “The Truth is out there”.

While his original interest in carbohydrates was
perhaps partly due to his choice of a thesis advisor, Prof.
Purves of McGill, the intellectual excitement contrib-
uted by his mentor made him a passionate convert.
Lemieux eloquently describes the many fascinating dis-
cussions he and Purves had regarding stereochemistry
and the structure and synthesis of sucrose, while both
of them sat in Purves’ office and smoked Purves’ tai-
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lor-made cigarettes. What better introduction to a ca-
reer within science than quiet afternoons while master
and disciple calmly examine in pure collegial fellow-
ship the mysteries and complexites of the sugars?

Lemieux also gravitated to carbohydrate chemis-
try through a conscious decision he made on the basis
that sugar derivatives play a key role in metabolism.
Consequently, the study of sugars should lead to great
insights into biochemistry and perhaps directly afford
applications to human medicinal chemistry. While his
initial investigations might best be characterized as sim-
ply meeting the unsolved needs of carbohydrate chem-
istry in the 1940’s, the persistence and individualistic
brilliance of Lemieux allowed him to revitalize the dis-
cipline. From the perspective of being attracted to or-
ganic chemistry via its direct applications to biology and
medicine, Lemieux can be counted as an excellent con-
temporary example of the more traditional organic chem-
ists of the 19th century. While this classical focus was
somewhat deflected because of the enormous strides in
mechanistic understanding, physical phenomenology,
and materials science that both characterized and domi-
nated the period from 1940-1975, a return to this biol-
ogy/chemistry interface is now very much in the air. One
has only to consider the thematic discoveries pouring in
a constant stream out of the laboratories of such research-
ers as Schreiber, Boger, and Nicolaou to see numerous
benefits from the marriage of organic chemistry and di-
rect biomedical applications. For an intriguing well-
reasoned commentary that touches on this intellectual
repositioning (perhaps even worthy of béing termed a
paradigm re-shift using jargon borrowed from Kuhn),
the reader is directed to the comments of Albert
Eschenmoser (Angew. Chem. Int. Engl. 1994, 33, 2363)
made for the purposes of introducing a historical essay
by F. W. Lichtenthaler on the contributions of Emil
Fischer.

A singular influence on the development of
Lemieux’s scientific style was his participation in the
metamorphosis of ambitious but relatively modest in-
stitutions into world-class research operations. This
certainly provided a frontier flavor to his choice of re-
search topics as well as allowed for the attracting of a
particular sort of graduate student. When resources are
severely limited, ideas can become exquisitely focused
thereby ensuring that the possibility of squandering time
and effort along blind alleys are much less probable.
One can see this in the choice of one major initial car-
bohydrate research goal - an efficient approach to the
synthesis of glycopyranosides. After a long series of
well-chosen skirmishes at the edges this problem, even-

tually sufficient experimental progress and mechanistic
insights were obtained so that attack on the final objec-
tives became possible. Thus, using one beautifully re-
searched experimental methodology, the efficient syn-
thesis of maltose, trehalose, and sucrose was reduced to
practice. Indeed, once initiated, the actual synthesis of
sucrose was achieved in a very timely fashion. Achieve-
ment of this objective was so astounding to the scien-
tific community that it has been accorded almost the
status of a chemical epiphany. For example, genera-
tions of American undergraduates who have studied from
various editions of an immensely popular textbook (e.g.,
Morrison and Boyd “Organic Chemistry”, 6th Ed.,
Prentice Hall, Englewood Cliffs, New Jersey, 1992, p.
1192) have been intrigued, delighted, and stimulated on
reading that “the synthesis of sucrose, by R. U. Lemieux
of the University of Alberta, has been described as ‘the
Mount Everest of organic chemistry’.”

As is so often the case with the authors of this auto-
biographical series, a fixation with stereochemical is-
sues serves both as providing certain favored directions
for their research thrust and also providing a scaffold-
ing for relating the evolution of their research themes
from one topic to the next. Extracting a point from
Eschenmoser’s previously cited comments, it might even
be argued that much of the evolution of contemporary
organic chemistry, biochemistry, and molecular biology
is ultimately in the direction of supramolecular science
with its strong stereochemical flavor. Prof. Lemieux’s
body of work is no exception.

Lemieux’s early interest in relative configurations
rapidly expanded into a general study of stereochemi-
cal concepts thereby making his mind unusually recep-
tive to the emerging ideas of conformational analysis.
Both historically and in a practical sense, stereochemi-
cal issues are paramount in the carbohydrates. For new
levels of exploration, chemists needed ever more pow-
erful tools to assist their interpretation of experimental
results.

At the very beginning of his independent career,
Lemieux examined the behavior of chemical models that
straddled the cyclohexane and pyranose worlds. He
looked carefully for new tools that would assist him in
these endeavors and was rewarded by becoming one of
the earliest synthetic organic chemists to appreciate truly
the power of magnetic resonance techniques at a time
in which he was both still mastering the theory and learn-
ing how to make the cantakerous early instruments per-
form in a satisfactory fashion. Anyone who has ever
used a modern computer-controlled FT instrument in
which almost everything is automatic except the brew-




70

Bull. Hist. Chem. 20 (1997) |

ing of the spectroscopist’s morning cup of coffee needs
to have some sensitivity as to just how difficult it must
have been in the early days. As Lemieux notes (p. 31):
“I well remember when we learned that our spectra
would be much improved by spinning the sample tube.”
From his initial experiments, there came an understand-
ing in how to assign configurations of axial and equato-
rial hydrogens on the basis of both chemical shift and,
more importantly, coupling constants. The ability to
rapidly assess preferred conformations in solution was
of enormous significance both to carbohydrate chemis-
try in particular and to natural products structure eluci-
dation in general. The sophistication of NMR applica-
tions continued to increase throughout Lemieux’s ca-
reer eventually leading to a series of beautiful NOE ex-
periments as well as interesting applications of deute-
rium influences on chemical shifts, hydrogen bonding,
and exchange phenomena.

One of the most important themes in Lemieux’s
work is his concern with what is known as the “anomeric
effect.” Basicslly, the anomeric effect concerns the in-
fluence that heteroatoms within a cyclic system have on
the most stable conformations of nearby epimeric cen-
ters. This is a very complex phenomenon that almost
certainly still carries locked within itself unexpected
surprises. In elementary undergraduate organic chem-
istry courses, students are correctly taught that substitu-
ents about a simple all-carbon cyclohexane ring are ther-
modynamically almost always considerably more stable
when equatorial rather than axial. However, matters
become much more complex when one is dealing with
acyclic system that has a heteroatom substituent present,
especially an oxygen. - Recognition that both the atoms
within the molecule as well as atoms in the external en-
vironment exercise a major influence on the preferred
geometry has been seminal. Furthermore, an understand-
ing of the subtlety of this phenomenon has the potential
of giving scientists molecular insights of even more glo-
bal significance. For decades, scientists have been at-
tempting to calculate a priori the folded geometry of
polypeptide and protein chains. The body of published
work on the geometry of glycosidic linkages in oligosac-
charides, again with Lemieux one of the major contribu-
tors, provides a valuable model and numerous clues for
attacking the much more difficult amide intra- and in-
ter-molecular interactions. For Lemieux, his research
has now evolved to the point where computer calcula-
tions and molecular modeling permit structure predic-
tions even for such complex carbohydrates as the B
human group trisaccharide - an outstanding achievement.

In pursuit of his scientific interests, Lemieux’s re-
search has undergone a marvelous progression from the

study of relatively straightforward organic synthetic
modifications onward to the investigation of some of
the most difficult unsolved mysteries of immunology.
In the study of blood group determinants, enormous
progress has been achieved through his collaboration
with an international cast of fellow scientists. Practical
biomedical applications of Lemieux’s fundamental ad-
vances to the preparation of pure monoclonal and
polyclonal antibodies and for the purification of blood
products are of the highest rank. Lemieux has performed
an elegant series of investigations into the binding of
various oligosaccharides to the anti-I-Ma antibody, to
lectin 1 of Ulex europaeus, to monoclonal anti-Lewis
antibodies, and to lectin 4 of Griffonia simplificifolia.
His excitement (annd their obvious scientific impor-
tance) is inherent in his description of this work in the
latter third of the autobiography. In fact, Lemieux pre-
sents a “coda” at the end of the text describing recent
work involving elucidation of the molecular structure
of lectin 4 at near-atomic resolution and the implica-
tions of this information in the binding properties of the
molecule. Juxtaposing the coda with a picture of his
family, one can appreciate a fatherly sense of pride in
science well done. One cannot escape being impressed
with the combination of ability and courage that has al-
lowed Lemieux to journey from the highly circumscribed
problems of simple organic transformation to an explo-
ration of the mysteries of the vertebrate immune sys-
tem.

As another theme in common with other subjects
of this autobiographical series, one cannot miss the fact
that Lemieux was a superb teacher. Choosing just one
of his former students as an example - the
extraordinarilly gifted and charismatic Bert Fraser-Reid
- one can see how much motivation and excitement has
passed from teacher to pupil, qualities that are apparent
to the audience each and every time Fraser-Reid pre-
sents his own world-class carbohydrate research results.
By the many other gifted scientists that have graduated
from his research guidance, Lemieux has left his mark
on the development of academic organic chemistry. Of
similar importance, it must also be pointed out that, just
as he was willing to help academic institutions, Lemieux
has also been involved throughout his career in indus-
trial collaborative transfer of chemical technology. This
constitutes an activity that surely has brought signifi-
cant wealth and exciting employment opportunities to
Canadian society. As a complement to the combination
of brilliance, toughness and persistence, Lemieux also
has an admirable reputation within the scientific com-
munity as a person of the highest ethics and decency.
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His legendary honesty paid handsome dividends when
he was given a generous co-authorship by the late W. S.
Johnson in recognition of his independent contributions
to the development of both the periodate-permanganate
and the periodate-osmium tetroxide oxidative reagents
for the cleavage of olefins.

In closing, one of the most interesting aspects of
these autobiographies is that they provide a forum in
which members of our profession with uncommon lev-
els of wisdom can comment on the state of science and
its future. :Lemieux is no exception. One of his most
intriguing monologs appears in pp. 3-4. As part of a
general commentary on funding practices of science,
Lemieux raises issues that go to the very value founda-
tions of late twentieth century science. He argues his
sense that a career in science must transcend finding
timely topics with high prospects of funding and publi-
cation. Instead, he believes that working in science is
far more than just a way to earn a living. Rather itis a
commitment to the joy of discovery that requires the
most dedicated of individuals. When one looks about
at the perplexing state of the U.S. science and engineer-
ing professions of the 1990’s with their recurrent prob-
lems of industrial downsizing, limited academic oppor-
tunities, underemployment, and chronic sub-funding,

one can'’t fail to notice that Lemieux may be on to some-
thing. Has there been too much of an emphasis on vo-
cational training in science and engineering over the past
few decades? At the obvious risk of oversimplifying,
nevertheless, we are all aware that the excitement of
excellence and spirited inquiry still held high by the faith-
ful few are at risk of being displaced by faculty viewing
careerism as more important than teaching, by
minimalist students cynically seeking “dream jobs” si-
multaneously combining salary, security, and leisure, and
by industrialists more concerned with quick fix/bottom
line concerns than putting out the very best product. This
was not and could not be right. It is left for certain spe-
cial individuals to teach by the very examples that their
lives provide and, in so doing, to permit the rest of us at
least to glimpse how it should be. The saga of their
lives unequivocally illustrate a pathway to the highest
standards of professional dedication and to the internal
rewards that can come with such a commitment. The
rest of us may have quite a way to go but no excuse for
not having at least been shown the path by scientists
such as Lemieux.

John L. Belletire, Ricerca, Inc., PO Box 1000,
Paineville, OH 44077-1000

Lavoisier in European Context: Negotiating a New
Language for Chemistry. Bernadette Bensaude-Vincent
and Ferdinando Abbri, Editors, Science History Publi-
cations/USA, Watson Publishing International, Canton,
MA, 1995, x + 303 pp. Cloth (typeset), ISBN 0-88135-
189-X.

Sometimes a well-researched historical event or
period, especially one in our own field, is so familiar
that the story seems complete. Then a new book ap-
pears, one that provides the unexpected illumination and
may even awaken our dozing imagination about the
fruitfulness of still further revisiting. Such a book is
this collection of fifteen essays about the spread of the
new, French chemical nomenclature associated with
Lavoisier and the chemical revolution at the end of the

eighteenth century. The book is based on a historio-
graphic workshop organized under the auspices of the
European Science Foundation as a complement to the
cultural events celebrating Lavoisier’s Bicentennial in
1994. Twelve of the essays are in English, three in
French. The length of each varies from eight to thirty-
six pages, the median length being eighteen pages. The
book also includes a thirteen-page, briefly annotated bib-
liography on the two landmark French volumes Méthode
and Traité and their European translations (1787-1800).

Each essay is written by a different author, includ-
ing the two editors. The introductory essay, by one of
the editors, provides an overview of the context, and
the final one gives a summation and concluding remarks.
The thirteen essays in between describe “the diffusion
of the new nomenclature designed by four French chem-
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ists—=Louis-Bernard Guyton de Morveau, Antoine-
Laurent Lavoisier, Claude-Louis Bertholet, and Antoine-
Francois de Fourcroy-all over Europe.” Each essay
focuses on a single country: Sweden, Belgium, Poland,
Netherlands, Scotland, England(two essays), Portugal,
Spain, New Spain(Mexico), France, and Italy(two es-
says). Notably missing is an essay on Germany, “due to
the last moment cancellation of one participant.” Most
of these countries are often omitted from accounts about
the chemical revolution, and, as one of the authors puts
it, this view from the fringe teaches us something about
the development of chemistry as a whole at the end of
the eighteenth century.

The spread of the new, French chemistry, we read
in the introductory essay, helped chemists achieve a
sense of belonging to a coherent discipline. The essays
examine that spread as it was influenced by national
cultural differences or at least the attitudes of some in-
fluential chemists that determined each national re-
sponse. The thrust of all the essays is conveyed by a
statement in one of them: “To say that Dutch chemists
converted to the ‘new’ chemistry says little if we do not
explore what sort of filter their commitments and prac-
tices provided for the reception of novelties and what
shape those novelties took as they were integrated into
the Dutch field.” The names and contributions of sev-
eral of the cast members on stage in these essays are
likely to be familiar only to chemists in the same coun-
try, at most. But contributions they did make. “The
new language was neither accepted nor refused, but
rather debated and negotiated. European chemists rarely
showed a passive attitude of simply being ‘receivers’.”

Part of the debate and negotiation—a substantial part,
in fact, this book makes clear—was about the new lan-
guage itself. That is, for example, not only about the
role of oxygen in combustion but also about the name
oxygen(=acid former) for that substance. “The new lan-
guage was deeply theory-laden,” and Davy, among oth-
ers, favored a theory-free language. (For example, his
“chlorine” did not imply either element or compound, a
matter of some uncertainty at the time.) One assess-
ment of the major effect of some of the new systematic
names was “irreparable injury to science.” Subdued
echoes of that attitude can be heard even now from some
quarters in response to efforts by the nomenclature com-
missions of IUPAC to make chemical nomenclature
increasingly tic. Forsaking the familiar, especially lan-
guage, is difficult to do. Chemists often seem to grasp
and acknowledge improvements in chemical theories
more easily than in chemical nomenclature. This book
identifies the different kinds and degrees of resistance

to the new, French language of chemistry two centuries
ago, country by country, and highlights individual chem-
ists contributing to the outcome of the debate. As la-
gniappe (a south Louisiana term for a pleasing extra),
this book provides a capsule history of higher education
in Portugal.

Because the book is about language, I had not ex-
pected it to be annoyingly inconsistent in its treatment
of language; but it is. Most of the twelve English-lan-
guage essays include numerous quotations from the origi-
nal, non-English language. One author gives only the
English translation, with reference citation to the origi-
nal Dutch. Some others use the original in the text and
provide translations in end-of-the-chapter notes. (The
reverse placement-English in the text, original in the
notes—would have been far more convenient for the reader
without any loss of accuracy or authenticity.) Others
translate a quotation of a few words in the text and quickly
use a longer one, without translation anywhere, to ex-
tend or contrast the point made by the first. In the essay
that strongly emphasizes the dominating influence of an
estimable translation on the reception of the French pro-
posals in Italy, no translations of the French or Italian
passages are provided. Some of the significant points
being made by the authors are likely to be missed by
many American readers, even older ones who had to pass
language examinations as part of their Ph.D. degree re-
quirements.

Even so, the major points will not be missed. The
centrality of contentions about nomenclature in the
chemical revolution at the end of the eighteenth century
will probably be a new viewpoint for many readers. The
revolution is presented not as the indomitable triumph
of cold, passionless reason set forth by one person, not
as “exclusively a French-English affaire.” It is, instead,
treated as broadly international, dependent on numerous
unacclaimed chemists who interacted with passion stem-
ming from a variety of institutional positions, social pres-
tige, and attitudes. Such personal perspectives of the
chemists in the development of chemistry are always
important but often unacknowledged. Those highlighted
in this book are perspectives on authority and liberty, on
collegiality and disciplinary boundaries, on empiricism
and theorizing, on innovation, on complexity of instru-
mentation and its effect on lay(audience) participation
in scientific experimentation. The diverse humanity of
the chemists dominates the story—as it must have domi-
nated the event. James G. Traynham, Department of
Chemistry, Louisiana State University, Baton Rouge, LA
70803-1804.

————
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