
BULLETIN FOR THE HISTORY
OF CHEMISTRY

Division of the History of Chemistry of the American Chemical Society

VOLUME 28, Number 2 2003



BULLETIN FOR THE HISTORY OF CHEMISTRY

VOLUME 28, CONTENTS

NUMBER 1

THE 2002 EDELSTEIN AWARD ADDRESS - TO BOND OR NOT TO BOND:
CHEMICAL VERSUS PHYSICAL THEORIES OF DRUG ACTION
John Parascandola, National Library of Medicine 1

CHEMISTRY AND THE 19TH-CENTURY AMERICAN PHARMACIST
Gregory J. Higby, American Institute of the History of Pharmacy 9

THE EARLY DAYS OF CHEMISTRY AT CATHOLIC UNIVERSITY
Leopold May, The Catholic University of America 18

M. CAREY LEA, THE FATHER OF MECHANOCHEMISTRY
Laszlo Takacs, University of Maryland, Baltimore County 26

ANDRÉS del RÍO, ALEXANDER von HUMBOLDT, AND THE
TWICE-DISCOVERED ELEMENT
Lyman R. Caswell, Seattle WA 35

FRITZ ARNDT AND HIS CHEMISTRY BOOKS IN THE TURKISH LANGUAGE
Lâle Aka Burk, Smith College 42

Erratum 53

BOOK REVIEWS 54

NUMBER 2

FRANCIS BACON: AN ALCHEMICAL ODYSSEY THROUGH THE
NOVUM ORGANUM
Pedro Cintas, University of Extremadura, Spain 65

ERNEST RUTHERFORD, THE “TRUE DISCOVERER” OF RADON
James L. Marshall and Virginia R. Marshall, University of North Texas, Denton 76

JAMES BRYANT CONANT:  THE MAKING OF AN
ICONOCLASTIC CHEMIST
Martin D. Saltzman, Providence College 84

ARTHUR SLATOR AND THE CHLORINATION OF BENZENE
John T. Stock, University of Connecticut 95

THE ROLE OF CHEMISTRY IN THE OAK RIDGE
ELECTROMAGNETIC PROJECT
Clarence E. Larson* 101

POUNDING ON THE DOORS:  THE FIGHT FOR ACCEPTANCE OF
BRITISH WOMEN CHEMISTS
Marelene F. Rayner-Canham and Geoffrey W. Rayner-Canham, Sir Wilfred Grenfell College 110

BOOK REVIEWS 120



Bull. Hist. Chem., VOLUME 28, Number 2  (2003) 65

FRANCIS BACON: AN ALCHEMICAL ODYSSEY
THROUGH THE NOVUM ORGANUM

Pedro Cintas, University of Extremadura, Spain

One of the most fascinating and thought-provoking
periods in the history of chemistry is the coexistence in
Western Europe of the ancient alchemy (having most
likely arisen from Hellenistic and Arabic influences)
and the rational, scientific chemistry we know today.
By its own nature, this is a rather indeterminate period
ranging from the Renaissance (around the 15th and 16th

centuries) to early in the 19th century when chemical
gold making–transmutation–was conclusively refuted
by scientific evidence.  Although the origin of alchemy
is uncertain, it had a double aspect: on the one hand it
was a practical endeavor aimed to make gold or silver
from ordinary and abundant metals such as lead or cop-
per, whereas on the other it was a cosmological theory
based on the interaction between man and the universe.
Thus, basic goals of alchemy correspond to those of
astrology in an attempt to discover the relationship of
man to the stars and how to exploit that knowledge to
obtain wealth, health and immortality (1).  There is no
doubt, however, that alchemy largely contributed to the
development of chemistry with a variety of novel sub-
stances and techniques.  Superficially speaking, the
chemistry of alchemy involved a complicated succes-
sion of combinations or heatings of several materials,
operations supposed to be within reach of any initiated
person, with the ultimate objectives of obtaining gold
or an elixir of immortality (2).  Unfortunately, a clear-
cut distinction between alchemy and the then emerg-
ing field of chymistry or chemistrie (the Old English
words related to the present chemistry) cannot be made
(3, 4).

During that time, especially the 17th century, some
philosophers and artists were interested in alchemical

practices, although they did not waste their effort and
money in pursuit of the philosopher’s stone and other
alchemists’ dreams.  Among these natural philosophers,
the figure of Sir Francis Bacon (1561-1626) should
chiefly be mentioned.  Bacon is best known as a phi-
losopher of science and a master of the English tongue
(5).  In the former case, many of his writings were con-
cerned with the natural sciences and the theory of sci-
entific method, which he considered incomplete and tak-
ing little account of observation while giving too much
credit to tradition and authority.  He had an acute power
of observation and advocated the repetition of experi-
ments as a means to verify hypotheses, rather than to
consider the latter ones as if they were incorrigible axi-
oms.  Through his famous Idols (doctrines or attitudes
of mind that are seemingly corroborated by empirical
observations, but in fact ideas that are forced to be in
accord with a favored theory), Bacon ridiculed the learn-
ing methodology of his time.

Bacon was a prolific writer, even during his politi-
cal career as a member of Parliament and later Lord
Chancellor in the service of James I, a period spanning
more than 35 years (6).  He devoted much more time to
natural sciences and philosophy after his fall from power
in 1621.  Two major books constitute the core of Bacon’s
philosophy of science:  De Dignitate et Augmentis
Scientiarum (“On the Dignity and Advancement of
Learning,” 1605), and especially the Novum Organum
(“The New Organon or Method,” 1620) after the Greek
word organon meaning instrument (7).  Bacon in fact
prepared several drafts of the latter book between 1608
and 1620.  Other works also contain abundant references
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to empiricism, collections of observations, and interpre-
tation of natural phenomena.  Such works, along with
the two above-mentioned works, constitute what Bacon
called the Great Instauration (8).

The Novum Or-
ganum (NO) is, how-
ever, his most impor-
tant and lasting opus,
intended to be a collec-
tion of novel directions
for the interpretation of
Nature.  Globally con-
sidered, this work, also
published in two books,
is no more than a series
of short essays called
aphorisms which deal
with an enormous vari-
ety of subjects with
considerations often
rooted in metaphysics,
not to say that some
kind of occultism is
also present in his
thought.  It is, however,
possible to discover
Bacon’s achievements
in science which
emerge from his re-
markable power of ob-
servation.  He de-
scribed with admirable
detail phenomena taken
from both animate and
inanimate bodies, real-
ized his own measure-
ments, and suggested
further experiments.   In
addition, he gave new
interpretations to such
natural phenomena, of-
ten challenging the ac-
cepted theories of his time.

The present manuscript is a brief journey through
the Novum Organum with emphasis on chemical descrip-
tions and experiments.  The aim is to present Bacon’s
interesting work on physico-chemical phenomena and
his particular vision of alchemy.

Bacon’s Alchemy: Currents of Thought

At first glance it is difficult to understand the interest of
Bacon toward Chymistry (3,4) beyond that of a natural

philosopher occupied in
the observation of phe-
nomena.  Unlike other
branches of natural phi-
losophy, chemistry was
not deemed worthy of
academic study; and in
most cases it was consid-
ered a mere collection of
craftsmen’s recipes.  This
situation has been ana-
lyzed in detail by
Principe in his compre-
hensive biography of
Robert Boyle, which also
gives an overview of the
history of alchemy and
chemistry in the 17th cen-
tury (9).

Bacon’s works, and
the Novum Organum is
no exception, were influ-
enced, at least to some
extent, by the different
systems of thought that
prevailed in England in
the 16th and 17th centu-
ries: Aristotelian scholas-
ticism, humanism in-
spired by Plato and a
number of Italian phi-
losophers, and occultism.
Bacon largely deviated
from scholasticism, al-
though in the time Bacon
began to write an official
criticism of Aristotle’s
philosophy was focused

on logic and not, as Bacon’s critique was to do, on knowl-
edge of nature.   Bacon, however, was closer to human-
ism and shared with it the idea that knowledge of nature
derives from observation and perception by the senses
(10).    Bacon also added the key element of experimen-
tal verification, i.e., observations worthy to support theo-
ries must be repeatable (11).
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The third significant mode of thought in the
Baconian philosophy is occultism or esotericism:  that
is, the search for a mystical relationship between man
and the cosmos, as in alchemical speculations, and the
knowledge of magical or unnatural forces.  Occultism
was prevalent in Latin Europe for several centuries and
flourished especially with the work and legacy of
Paracelsus (1493-1541), who sought out the most learned
figures of practical alchemy, not only to discover the
most effective methods of chemical therapy, but also,
and importantly, to discover the latent forces of nature
and how to use them (12).  Occultism and its Paracel-
sian influences were also rooted in England at the time
of Bacon and his contemporaries, Robert Fludd (1574-
1637) being one of the most salient exponents (13, 14).
A vision of Bacon as a mystic has been supported by
some scholars (15), who regard Bacon’s writings as
steeped in alchemy and magic.  However, most laymen
will not find much of a mystical character in the Novum
Organum, even though Bacon often alludes to Paracelsus
and his theories and experiments (vide infra).  A consid-
erable portion of the Novum Organum is devoted to an-
swer how scientists should proceed in order to increase
knowledge of the natural world.   In doing so, Bacon
concentrates on the “how” rather than the “why” of
Aristotelianism.  Most hypotheses and explanations pro-
vided by Bacon through the second book of the Novum
Organum contain little theological and esoteric argu-
ments.

Bacon was arguably no great friend of alchemists,
although he was able to pick up the pluses of alchemy,
especially the value and technical importance of certain
chemical substances.  Bacon did not reject any experi-
mental evidence provided by the alchemists but rather
the way of making things, paying attention to minute
details not involved directly in the result of their experi-
ments (16, 17, 18):

The empirical school of philosophy yields more de-
formed and monstrous ideas than the sophistical or
rational, because it is based, not on the light of com-
mon notions…, but on the narrow and obscure foun-
dation of only a few experiments… A notable ex-
ample of this is to be found in the alchemists and
their teachings.
It is true that alchemists have some achievements
from their labors, but these came by chance, inciden-
tally, or by some variation of experiments, such as
mechanics are accustomed to make, and not from any
art or theory… Those too who have applied them-
selves to natural magic, as they call it, have made
few discoveries, and those trivial, and more like de-
ceptive tricks.

The alchemist nurses eternal hope, and when the thing
does not succeed, he blames error of his own, and in
self-condemnation thinks he has not properly under-
stood the words of his art or of its authors, where-
upon he turns to traditions and auricular whispers; or
else thinks that in his performance he has made some
slip of a scruple in weight or a moment in time, where-
upon he repeats his experiments endlessly.

As severe as these criticisms may be viewed, they were
also expressed by Bacon’s predecessors who were sworn
enemies of the malpractices of alchemists and, never-
theless, they also advocated the use of chemicals in
medicine (Paracelsus) or art.  For instance, Leonardo da
Vinci (1452-1519) was acquainted with the frauds of
alchemists (19):

The false interpreters of nature declare that quicksil-
ver is the common seed of every metal, not remem-
bering that nature varies the seed according to the
variety of the things she deserves to produce in the
world.

Bacon’s natural philosophy is frequently impregnated
with chemical studies and analyses of observable prop-
erties.  His rather eclectic approach is often obscure as
Bacon sometimes recurs to Aristotelian elements, while
other discussions are focused on Paracelsian principles,
or both, which were invoked by alchemists in the 17th

century.  The oldest Aristotelian vision that matter was
composed of air, water, earth, and fire, each represent-
ing a particular property or quality, was widely accepted
in Western Europe by natural philosophers.  Aristote-
lian philosophy also suggested that such elements com-
pared one with the other were in a proportion of ten to
one, an assumption that Bacon considered to be false
(20):

The ratio of density of the so-called elements is arbi-
trarily fixed at ten to one; and other dreams of that
kind.  And that sort of vanity is rife not only in dog-
mas but also in simple notions.

Bacon alludes to primary elementary qualities that can
be inferred from Aristotelian elements such as moist,
dry, hot, and cold, whereas he also suggests the exist-
ence of occult properties and specific virtues named sec-
ondary qualities.  These constitute a series of terms uti-
lized by physicians at that time such as attraction, re-
pulsion, attenuation, dilation, maturation, etc., which,
on the other hand, are close to Paracelsian concepts (21).

The Aristotelian elements are also discussed by
Bacon in his Clandestine Instances, that is, those that
show the nature at its weakest, in its rudiments, or hid-
den aspects (22):
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Although air plainly does not attract air nor water,
water in whole bodies, nevertheless a bubble placed
near another bubble more easily dissolves than if that
second bubble were not there, because of the ten-
dency to coition of water with water, and air with air.
And Clandestine Instances of this kind present them-
selves conspicuously in the small and subtle portions
of bodies.

Bacon also agreed with the principles identified by Ara-
bic alchemists, who conceived of sulfur and mercury as
basic constituents of matter, especially in metals.  The
idea of “philosophical” sulfur and mercury was once
again associated with specific properties of matter such
as combustibility and metallic character, respectively.
Later, Paracelsus extended this theoretical framework
to salt, which accounts for solubility (1, 2b).  Bacon was
willing to accept the first two of these alchemical prin-
ciples as sulfur consents with fatty fumes, oil, or inflam-
mable things, and mercury with water, vapors, interstel-
lar ether, and nonflammable substances.  However, he
refused the third salt principle (23):

It has been well observed by the chemists, in their
triad of first principles, that sulfur and mercury per-
vade as it were the whole universe.  For the case for
salt is absurd, and is added only so that their triad
can embrace bodies earthy, dry, and fixed.

This semi-Paracelsian scheme and the reasons for
Bacon’s rejection of this saline principle have been ana-
lyzed in detail by Rees, who suggests that Bacon ad-
hered to “axiological antitheses” rather than triads (24).
Although in his comprehensive essay (Aphorism 50 in
Book II), Bacon does not clarify the source of his rejec-
tion, Rees and others also suggest that Bacon’s beliefs
in a sulfur-mercury theory are related to cosmological
speculations (25).  To Bacon, the properties of matter in
the universe appear to be consistent with those of sulfur
and mercury only.  Bacon also writes (26):

Their first and chief diversity [of things] lies in the
fact that some bodies, while differing to some extent
in the quantity and rarity of their matter, yet agree in
their schematism, and others, on the contrary, agree
in the quantity or rarity of their matter, but differs in
their schematism.

There are some paragraphs in the Novum Organum
where a certain degree of occultism and magic can be
appreciated, although Bacon considered sorcery, divi-
nation, and invocation of spirits to be superstitious and
fraudulent practices.  Bacon speaks of magic in a “puri-
fied sense of the word” (27), as the knowledge of hid-
den forms of nature to the production of wonderful op-
erations.  This idea had been advanced by Bacon in his
Advancement of Learning, although its original source

should be attributed to Giambattista della Porta (1535-
1615) who, through his Magia Naturalis, first published
in 1558, had a profound influence on Bacon’s writings.
Porta deals with magic as a technique to be acquired in
order to control natural phenomena.  Bacon also ex-
tended this idea in his Magic Instances, “in which the
material or efficient cause is slight or small in relation
to the magnitude of the ensuing work and effect, so that
even when they are common, they seem to be miracu-
lous” (28).

Aside from alchemical and cosmological specula-
tions, Bacon was undoubtedly aware of numerous sub-
stances and minerals employed by the alchemists of his
time.  He often refers to preparations taken from
Paracelsus and others and, presumably Bacon carried
out empirical tests concerning the properties of such
substances.  These include pigments and salts such as
verdigris (basic copper acetate), mars yellow (an iron
oxide generated by combustion of iron or iron sulfide),
quicklime (calcium oxide), white lead (probably a mix-
ture of lead carbonate and lead oxide), loadstone (the
naturally occurring magnetite), saltpetre (potassium ni-
trate), and others which are mentioned through the
Novum Organum.  Common explosives of that time like
gunpowder (a mixture of sulfur, saltpetre, and charcoal)
(29), and the so-called Greek fire (30), an unknown flam-
mable mixture employed in naval warfare from the 6th

century A.D. are equally highlighted.

Bacon’s aphorisms often refer to spirit of wine (ethyl
alcohol) and vinegar, the former identified as a flam-
mable substance (31).  He also describes in detail a per-
sonal experiment for extracting scent of violets with vin-
egar (32).  Bacon mentions the term oil of vitriol, com-
mon among alchemists, which is generally agreed to be
sulfuric acid.  He also utilized the rhetoric name of oil
of sulfur presumably to denote the same substance.
Nevertheless, in his subsequent work on History of Den-
sity and Rarity, which constitutes a collection of obser-
vations within the third part of the Great Instauration,
Bacon listed the two oils separately with different den-
sities (33).  Similarly, he used freely the Latin terms
aqua fortis (nitric acid) and aqua regia (1:3 nitric
acid:hydrochloric acid) without a clear-cut distinction
between them, as well as the collective aquae fortes to
include both terms (34).  His aphorisms reveal the prop-
erties of such liquids, although some observations were
presumably taken from those of alchemists (35, 36):

Iron first dissolved by aquae fortes in a glass vessel,
even without being placed near fire; similarly tin, but
not so intensely.
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[Liquids] operate in proportion to the porosity of the
substance to which they are applied.  Aqua regia dis-
solves gold, but silver hardly at all.  On the other
hand, aqua fortis dissolves silver, but gold hardly at
all.  Neither dissolves glass, and so on with others.

Gold, the favorite metal of alchemists, is extensively
mentioned by Bacon through the Novum Organum, es-
pecially its particular properties with respect to other

m e t a l s

and substances.  Besides the solubility of gold in aqua
regia, Bacon noted its high density (37).  Bacon focuses
repeatedly on the virtues of gold such as its incorrupt-
ibility, poor affinity to mix with other substances, and
the extent of its weight.  He often uses the latter term as
synonym for density (38).

With alchemy in its heyday in the 17th century, it is
somewhat surprising that Bacon seldom mentioned

transmutation, although he, like other contemporaries,
presumably accepted this possibility (39).  In alchemy
and other forms of occultism, transmutation was origi-
nally related to the idea of change and its control, but
never involving degradation.. Examples were passing
from sickness to health, from sadness to happiness, and
even in passing from old age to youth.  Alchemists also
understood transmutation in the changes that were called

chemical, that is, in a magical relationship with nature
to accelerate the maturation of the “fruits of the earth”
(minerals) yielding noble substances (e.g.  gold and sil-
ver) with impressive character and qualities.  While the
first objective seems to have been important in Chinese
alchemy, the Western world was not resistant to the lure
of gold making and the latter became rapidly the almost
exclusive objective (2b).  Moreover, in Aristotle’s theory

Courtesy, Special Collections, University of Michigan
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the four elements were believed to exist in every sub-
stance and transmutable each into the other.  Likewise,
“philosophical” sulfur and mercury, or the Paracelsian
triad were used as a starting point for transmutation, and
this turned out to be feasible to some scientists (40, 41).

In the Novum Organum, however, transmutation is
still viewed as a foolishness of alchemists and their fol-
lowers (42):

Empty talkers and dreamers who, partly from credu-
lity, partly by imposture, have loaded the human race
with promises, proffering and holding out the hope
of the prolongation of life, the delaying of old age,
the relief of pain,…the transmutation of substances,
strengthening and multiplying of motions at
will,…divination of future events, representations of
remote ones, revelations of things, concealed and
many more.

A more subtle idea on transmutation appears at the be-
ginning of the second book, where Bacon suggests that
if one wished to induce (43) on silver the properties of
gold, a series of precepts or guidances must be consid-
ered.  He then goes on with a philosophical discourse
about the transformation of bodies without reaching
definitive conclusions (44).  Bacon, however, does seem
to be rejecting the practices of alchemists; it is simply
more fundamental to discover what nature does or un-
dergoes (45):

When inquiry is made into the generation of gold,
or any other metal or stone; from what beginnings it
came, how and by what process, from its first seeds or
earliest rudiments down to the perfect mineral; or simi-
larly, by what process plants are generated, from the
first coalescence of juices in the Earth, or from seeds, to
the fully-formed plant…; similarly, how animals are
generated and develop through the stages from copula-
tion to birth.

Bacon’s Atomism: Facts and Fiction

Although, as mentioned before, Bacon’s natural philoso-
phy has been analyzed in terms of a semi-Paracelsian
cosmology (24), some scholars definitely suggest that
Bacon accepted atomism as a plausible explanation of
numerous phenomena, yet without reaching a consis-
tent view on this topic (46, 47).  Indeed, there are sev-
eral cases in which Bacon faced up to interpretations
based on what can be regarded as a variation of atom-
ism.  Nevertheless, atomism in Bacon cannot be sepa-
rated from the historical transition between philosophi-
cal and scientific atomism (from the 17th to the 19th cen-

tury), in which the original Greek philosophy of atom-
ism was adorned with important variations and specu-
lations.  Notable figures such as Descartes, Newton, and
Leibniz, to name a few, provided particular views about
the corpuscular nature of matter, the association and
qualities of such corpuscles, and the existence or ab-
sence of the void. (48).  There is no doubt that Bacon
also adhered to the concepts of mechanical philosophy,
concerned with explaining all the phenomena of nature
in terms of matter and motion, as well as a fashionable
corpuscular theory to which he also offered his particu-
lar insights.

Philosophical atomism focused on general aspects
of natural phenomena in order to reach a rational expla-
nation of such aspects.  Atomistical philosophers tried
in essence to explain the existence in nature of different
forms in continuous change (i.e.  multiplicity and
change), and not concrete phenomena in detail.  The
latter was only possible in the 19th century when chem-
ists supposed that each identified chemical element had
its own atoms, with specific properties, and was capable
of forming fixed combinations, that is, molecules in our
modern language (49).  Philosophical atomism in the
17th century, however, was associated with a realistic
and mechanistic view of the world.  Atoms were not
considered philosophical abstractions, but minute and
immutable particles, which are too small to be visible.
Furthermore, the mechanistic theory holds that all ob-
servable changes are caused by motions of the atoms
(50).

Apparently, Bacon suggests (51) that matter is com-
posed of indivisible particles without a vacuum (52):

We shall be led, not to the atom, which presupposes
a vacuum and immutable substance, both of which
are false, but to real particles, such are found.

Moreover, he saw no reason to adopt an atomism in
which the ultimate particles had different sizes and
shapes.  Bacon coined the obscure term “latent
schematism.” used extensively in the second book, re-
ferring to the inner structure of a body or of matter, by
which physical properties emerge (53):

Every natural action proceeds through the smallest
particles, or at least those too small to be perceived
by the sense, no one should expect to control or alter
nature unless he has properly understood and noted
them.

But the concepts of “schematism” and “latent
schematism” are too vague to be precisely defined.  He
seems to mean that physical properties of matter arise
from its inner structure (54).  This idea appears to be
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related to the fundamental and broadest sense of philo-
sophical atomism, for which the multiplicity of visible
forms in nature is based upon differences in such minute
particles and in their configurations or arrangements
(50).  Remarkably, Bacon also suggested that latent
schematism might be seen through a microscope and,
in addition, there could be a chance to visualize atomic
particles (55):

Aids of the first kind are those recently invented op-
tic glasses (microscopes), which show the latent and
invisible fine details of bodies, and their hidden
schematisms and motions, by greatly increasing the
size of the inspected object…Microscope is only use-
ful for looking at very small things, and if Democritus
had seen such an instrument, he would perhaps have
jumped for joy, and thought that a method had been
found for seeing the atom, which he declared to be
completely invisible.

The different ways in which Bacon understood atom-
ism cannot be directly related to the idea of atoms as
lumpish corpuscles.  The more familiar the concept of
schematism becomes, the more clearly it is understood
in terms of an inner, but indefinite, structure character-
ized by bulk properties (56):

The more subtle structures and schematisms of things
(although visible or tangible over the whole body)
can neither be seen nor touched, so that information
about these also comes by deduction.  But the princi-
pal and most fundamental difference of schematism
is taken from the abundance or scarcity of matter that
occupies the same space or dimension…; Now the
aggregation of matter and its ratios are brought down
to what can be perceived by means of weight.  For
weight corresponds to the abundance of matter, in
respect of the parts of a tangible thing.

Thus, a main feature of schematism appears to be den-
sity, although he listed an extensive series of other
schematisms such as rare, heavy, light, hot, cold, tan-
gible, volatile, fixed, fat, crude, hard, soft, fragile, po-
rous, homogeneous, heterogeneous, specific, nonspe-
cific, animate, inanimate, etc., which would reflect a
particular arrangement of the intimate structure of mat-
ter (57).

With such qualities of matter or schematisms, Ba-
con tried to give more detailed explanations of concrete
phenomena, such as his detailed observations on the
relative expansion or contraction of matter in bodies,
that is to paraphrase Bacon, how much matter fills how
much space in each case, as noted in Aphorism 40 (58):

So one could rightly say that a given amount of gold
contains such an aggregation of matter, that for spirit

of wine to make up an equal quantity of matter,
twenty-one times the space occupied by the gold
would be needed.

This extended aphorism also contains an interesting sen-
tence concerning the transformation of matter (58):

Nothing is made from nothing, nor can anything be
reduced to nothing; the actual quantity of matter, its
sum total, remains constant, being neither increased
nor diminished.

Bacon was of course unaware of the principle of the
conservation of matter in chemical reactions, at least in
a quantitative form, which was firmly established by
Lavoisier in the late 18th century.  Bacon’s concerns are
more related to the properties and densities of bodies.
Thus, he notes that “if anyone were to assert that a cer-
tain volume of water could be converted into an equal
volume of air, it is as if he were to say that something
could be reduced to nothing.”

In a subsequent aphorism Bacon attempted to pro-
vide an explanation of expansion and contraction through
the concept of “folding of matter” (59), folding and un-
folding itself through spaces, within definite limits, and
without invoking the vacuum hypothesis as postulated
by Greek philosophers.  Based on his own calculations
of density, Bacon estimated that there would have to be
2,000 times as much vacuum in a given weight of air as
in the same weight of gold (60).

His explanations of color and heat constitute like-
wise two salient examples of a similar reasoning based
on latent schematisms.  Bacon considers that color is
just a modification of the appearance of the light that is
sent and received.  The nature of color in a body is due
to the arrangement of the body’s inner parts (61):

Bodies uniform in their optical portions give trans-
parency; those that are uneven but through a simple
structure give whiteness; those that are uneven but
through an ordered, composite structure give the other
colors, except black; a totally disordered and con-
fused structure gives blackness.

Bacon paid considerable attention to the observation of
flames and the actions of heat and cold on bodies.  He
utilized the inductive reasoning to reject early specula-
tions about the necessary attributes of heat.  Thus, bright-
ness should be rejected as a necessary condition for the
existence of heat, because boiling water reveals that a
body may be hot without being bright.  Furthermore,
brightness cannot be a sufficient condition for heat ei-
ther as the bright Moon evidences that a body may also
be bright but not hot (62).  Bacon advanced the idea that
heat was not an indestructible fluid as suggested by the
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caloric theory, but rather that heat was some form of
motion of particles, thereby invoking the corpuscular
variation of atomism, and thus, to some extent, he an-
ticipated the modern kinetic theory of heat (63):

Heat is a motion that is not a uniformly expansive
motion of the whole, but a motion that is expansive
through the smaller particles of a body.

Baconian Influence on Chemistry and
Science

Bacon’s scientific achievements are based on a detailed,
often rhetorical description of natural phenomena.  Al-
though Bacon often deviated from Aristotelianism and
scholastic philosophy because “they have come to deci-
sions and axioms without taking proper account of ex-
perience” (64), it is likewise difficult to unravel their
metaphysical explanations.

Bacon’s language is essentially philosophical and
his conception of natural phenomena is markedly dif-
ferent from the more elaborated and precisely defined
concepts of posterior centuries which rest on accumu-
lated experiments.  Intellectually, Bacon claimed all
knowledge as his domain and, as an immediate conse-
quence, he lacked depth; and very often he paid atten-
tion to superficial events.  His style is often authorita-
tive, giving the impression that his rationale constitutes
the last word.

Bacon described a vast collection of physical,
chemical, and biological phenomena.  Descriptions of
chemical substances and their properties are sometimes
close to previous observation of alchemists.  Although
a certain occultism is present in his writings, Bacon was
one of the first figures to disapprove of the superstitious
practices and claims based on authority criteria of al-
chemists.  Bacon had a profound influence on the
founders of the Royal Society, such as Robert Boyle and
Robert Hooke (1635-1703), as well as on other British
scientists.  Although he was both attacked and applauded
by other philosophers in the 18th and 19th centuries, his
chemistry was nevertheless ignored (65).  Evaluation of
Bacon’s works cannot be ahistorical as such an analysis
lacks perspective.  In a series of one lecture and two
dissertations, published between 1863 and 1864 in the
Augsburger Allgemeine Zeitung (66), the eminent Ger-
man chemist Justus von Liebig (1803-1873) strongly
censured Bacon’s learning method and his natural phi-
losophy.  Obviously, Liebig ignored the context of sci-
ence in the 17th century, and even worse, the poor status
of chemistry within natural philosophy.

Neither Bacon’s observations nor even the method
of arriving at truth have exerted much influence upon
the progress of science.  But the way in which Bacon
understands the advancement of science, leaving all pre-
conceptions aside and based on systematic experiments,
is significant.  One of the least mentioned attributes of
Bacon’s philosophy is the conception of science as an
impersonal and collaborative activity undertaken for the
benefit of mankind, an utopian idea that appears more
clearly in his literary testament The New Atlantis (67).
The Novum Organum gives a glimpse of something that
should reflect the attitude of man towards nature and
the use of science (68, 69):

We can only command nature by obeying her, and
what in contemplation represents the cause, in op-
eration stands as the rule.
So much then for the several kind of idols and their
trappings, which must be steadily and sternly dis-
owned and renounced, and the understanding entirely
rid and purged of them, so that the entry into the king-
dom of man, which is founded on sciences, may be
like the entry into the kingdom of heaven.

In conclusion, Bacon was a man with extraordinary in-
sight who, as a key figure of the 17th century in Europe,
remains unsurpassed.  His inductivism and contributions
to educational methodologies are noteworthy.  Bacon
cannot be considered a scientist, but it is hoped that his-
torians of chemistry, and of science in general, will be
able to discover novel aspects of his natural philosophy
(70).
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The proper recognition of the “true
discoverer” of an element is not al-
ways straightforward. The recent
play Oxygen, for example, skillfully
demonstrates how claims of ele-
ment discoveries may be ambigu-
ous (1). To decide who receives the
recognition of discovery, many
questions are involved (2-4):

(1) Who gets prior claim, the
person who first did the
work or the person who
first published? (2)  For
example, Scheele recog-
nized oxygen before
Priestley, but Priestley
published first (1, 5, 6).

(2) What establishes “discov-
ery,” preparation as a com-
pound or preparation in its
elemental form?  (4)  For
example, the reactive rare
earths were “discovered”
as their earths; the elemen-
tal forms were prepared
decades later (3, 7).

(3) Must an element be “pure”
before recognition of its discovery is made?
(3) Chlorine was “discovered” by Scheele,
even though his preparation must have been
air mixed thinly with chlorine (3).

ERNEST RUTHERFORD, THE “TRUE
DISCOVERER” OF RADON

James L. Marshall and Virginia R. Marshall, University of North Texas, Denton

(4) Is it possible for a discov-
ery to be shared by individu-
als who perform various “por-
tions” of the work?  For ex-
ample, element-91 was first
detected by Fajans (8) in 1913
(“brevium”), was later chemi-
cally separated and cataloged
correctly in the Periodic Table
in 1918 by Soddy and
Cranston (9), and was prepared
and named as protactinium in
1918 by Hahn and Meitner
(10).  Some references list
these three groups as “co-dis-
coverers” [e.g., Weeks (11)],
while others have limited lists
[e.g., IUPAC (4)].

(5) Is the mere suggestion (ac-
companied by preliminary
analysis) that a new material is
an element sufficient to attain
credit for the discovery?
Crawford and Cruikshank per-
formed a crude analysis of
“ponderous spar” (barium car-
bonate) from Strontian and
concluded that it must be a
“new earth” (12), but the care-

ful research was done by Charles Hope in
Edinburgh (13).  IUPAC recognition goes to the
latter (4) although various references credit the
former (14) or both (15).

Figure 1.  Friedrich Ernst Dorn (1848-1916),
Geheimer Regierungs-Rat Professor of

Friedrichs Universität, Halle (Saale). (Portrait
at the University of Halle; photograph by the

authors).
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(6) For discoveries since the end of the nineteenth
century, shall an atomic mass determination and
spectral analysis be required before discovery
of an element be accepted?  Although these cri-
teria have been unequivocally accepted (4),
nevertheless for trace elements such as fran-
cium, technetium, or promethium, there may be
exceptions, or at the very least, an understand-
ing by the scientific world (4) that these experi-
ments may be delayed until substantial amounts
of material can be accumulated.

The discovery of radon presents an interesting case.
In a recent report to the IUPAC (International Union
and Pure and Applied Chemistry), it was stated (4):

Radon was discovered in 1900 by the German chem-
ist Friedrich Ernst Dorn. . . .

Similarly, the Handbook of Chemistry and Physics states
(16):

The element [radon] was discovered in 1900 by
[Ernst] Dorn, who called it radium emanation.

Repetitions of the claim in Dorn’s favor can be found
throughout the literature (17), although there are a few
isolated suggestions that Ernest
Rutherford (18) and even the
Curies should at least share the
credit (19). A difficulty in assign-
ing proper credit was recognized
by Partington (20), who identi-
fied an erroneous citation by
Hevesy (21).  In Hevesy’s paper
an incorrect reference was given
to Dorn's original paper (22)
where radium was observed to
produce an emanation; this incor-
rect reference was copied into all
subsequent works of reference
until Partington corrected the er-
ror 44 years later (20).  In the
meantime, Dorn’s paper appar-
ently was not widely read and its
exact contents were lost in time.

In our current Rediscovery
of the Elements project (23), we
have frequently uncovered sur-
prising information when inves-
tigating original sites; and we
were eager to explore the story
of radon. However, we were frus-
trated that the original article of

Dorn, “Die von Radioaktiven Substanzen Ausgesandte
Emanation,” published in the insular journal
Abhandlungen der Naturforschenden Gesellschaft
(Halle) (22), could not be procured. We wanted to cor-
roborate the popular account that (24):

Like all radioactive elements, it [radium] undergoes
continuous, spontaneous disintegration into elements
of lower atomic weight.  M. and Mme. Curie had
noticed that when air comes into contact with radium
compounds it, too, becomes radioactive. The correct
explanation was first given in 1900 by Friedrich Dorn.
. . .

We traveled to Halle (Saale) and located the journal in
the Deutsche Akademie der Naturforscher Leopoldina,
Emil-Abderhalden-Str. 37.  The paper began with a ref-
erence to Rutherford’s original discovery of the emana-
tion (25) from thorium (22):

Rutherford noticed that a sweeping stream of air over
thorium or thorium compounds, even after being fil-
tered through cotton, has the property of discharging
an electroscope. . . . In a second work Rutherford
also investigated the ‘secondary activity’ of the ema-
nation [the solid material that coats the vessel walls
that is formed as radon continues along its decay se-

quence]. . . . Rutherford said that other
radioactive substances (such as ura-
nium) did not exhibit the same prop-
erties as thorium. . . . I have adopted
the approach of Rutherford and have
taken a second look at other radioac-
tive substances available locally at our
Institute. . .

Dorn’s paper continued with an elabo-
rate pastiche covering uranium, tho-
rium, radium (in the form of crude ra-
dioactive barium), and polonium
(crude radioactive bismuth).  Dorn
repeated Rutherford’s procedure, us-
ing an electrometer to detect activity,
and found that indeed uranium and
polonium did not display the emana-
tion phenomenon of thorium, but that
radium did.  Dorn further explored the
‘secondary activity,’ just as Rutherford
had.  In his study, Dorn examined prin-
cipally the influence of moisture and
heat on activity.  He could not find any
obvious correlations, except that mois-
ture and heat appeared to accentuate
the activity.  He concluded (22):

I have not found a simple universally
valid relation between the activity and

Figure 2.  Ernest Rutherford (1871-
1937), Macdonald Professor of McGill

University, Montreal, Canada,
collaborated with his colleague Frederick
Soddy to develop their “transformation
theory” which led to the Nobel Prize for
Rutherford in 1908. (Portrait at the Dept.

of Physics, McGill University;
photograph by the authors).
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the moisture content. . .
. It appears to me that
there is a strong depen-
dence between [both]
the emanation and the
secondary activity upon
the amount of moisture.

Dorn made no speculation
regarding the nature of the
emanation, except that the
phenomenon apparently
concerned ‘a physico-
chemical process.’

Dorn had stumbled
onto the isotope of radon
(Rn-222) (26) that was the
easiest to investigate,  with
its “long” half-life of 3.823
days (27).  The isotope that
emanated from thorium
(Rn-220) (26) observed by Rutherford, with its half-life
of 54.5 seconds (27), was more difficult to study. [Ac-
tinium was observed by Debierne to have an analogous
emanation (28), but this isotope, Rn-219 had an even
shorter half-life of 3.92 second] (27).  Although the na-
ture of the emanation was not contemplated by Dorn, it
certainly was by Rutherford and the Curies. By 1903
Mme. Curie stated, in the first edition of her thesis (29):

Mr. Rutherford suggests that radioactive bodies gen-
erate an emanation or gaseous material which car-
ries the radioactivity. In the opinion of M. Curie and
myself, the generation
of a gas by radium is a
supposition which is
not so far justified. We
consider the emanation
as radioactive energy
stored up in the gas in
a form hitherto un-
known (30).

In a private note to Ru-
therford, Mme. Curie
suggested the phenom-
enon might be a form of
phosphorescence (31).
This “radioactive en-
ergy” was baffling;
vague descriptions were
offered, for example,
that they were “centers
of force attached to mol-

ecules of air (32).”  Ru-
therford vigorously at-
tacked the problem,
considering explana-
tions that included not
only phosphorescence,
but also deposition of
gaseous ions, deposi-
tion of radioactive par-
ticles, and stray dust
(31).  Eventually he and
his colleague Frederick
Soddy were able to
show that not only did
the emanation pass un-
scathed through a
physical barrier such as
cotton or water, but
also through chemical
barriers such as P2O5,

sulfuric acid, lead chromate, heated magnesium, and
even “platinum heated to incipient fusion (33);” that it
obeyed Boyle’s Law, could be condensed out, and thus
behaved just like a gas (34).  By 1903 they could claim
that the emanation must be matter in the gaseous state
(35).  By the next year Mme. Curie herself had been
persuaded by Rutherford’s contention that the radioac-
tive emanation was a gas present in such minute quanti-
ties that it could not be detected by ordinary spectro-
scopic or chemical means (32).

As early as 1902 Rutherford and Soddy believed
that they were dealing
with a new element (36):
It will be noticed that the
only gases capable of
passing in unchanged
amount through all the
reagents employed are
the recently-discovered
members of the argon
family.

[Ramsay and Rutherford
had discovered argon, and
Ramsay had discovered
the inert gases neon, kryp-
ton, and xenon during the
previous decade] (37).  All
this research was done on
the emanation from tho-
rium.  Rutherford quickly
followed up with a similar

Figure 3.  Physikalisches Institut Building of Friedrichs
Universität. Ernst Dorn conducted his “radium emanation”

studies on the steps of the basement of this building.
(Photograph by the authors).

Figure 4.  The Macdonald Physics Building, where Ernest
Rutherford performed his work. The building is now used

as a library. (Photograph by the authors).



Bull. Hist. Chem., VOLUME 28, Number 2  (2003) 79

study on the emanation from radium, preferred with its
longer half-life and the larger quantities of emanation
that could be procured.  By the middle of the decade
Rutherford and Soddy were able to conclude unequivo-
cally (32) that the emanation must be a new element in
the helium-argon family.   In their studies they were able
to give a quantitative description, with half-lives, of the
decay behavior of both thorium emanation and radium
emanation.  Additionally, they explained that the changes
of activity with different moisture content and tempera-
tures, which had been
noted by both them
and Dorn in the early
articles of 1900, were
due to “variations in
the rate of escape of
the emanation into the
air (38).”  They noted
that (32):

It is surprising how
tenaciously the
emanation is held by
the radium com-
pounds….

but correctly con-
cluded that the occlu-
sion was physical and
not chemical (38).
The characterization
was completed with a
molecular weight de-
termination by
Ramsay and Gray (39)
that placed the element
below xenon in the pe-
riodic table, and with
the acquisition of a spectrum (40) with “bright lines
analogous to the spectra of the inert gases (32).”  With
the understanding that radium produced the gaseous
emanation by the expulsion of a helium nucleus (which
had been isolated and identified), the phenomenon of
emanation and the nature of the emanation product were
completely understood (32).  Rutherford had always pre-
ferred to call the element “emanation,” but Ramsay did
not hesitate to propose and to use the name “niton (41).”

Meanwhile, what was Dorn’s activity regarding
emanation?  His subsequent research on the subject pro-
duced only two graduate dissertations on the subject.
The first (42) in 1903 dealt with the determination of
diffusion constants of the “radium emanation” in salt-
water solutions and toluene/water solutions.  The dis-

sertation reported only data and conclusions concern-
ing behavioral patterns. The only comment made regard-
ing the nature of the phenomenon included these three
sentences (42):

From radium comes an emanation, that behaves as if
it holds a gas of high molecular weight. The emana-
tion creates an unstable material, that leads to further
changes. . . . We accept the view of Rutherford and
the Curies [regarding the nature of the emanation].

The second dissertation (43), 11 years later in 1914, dealt
with the diffusion of ra-
dium emanation in gela-
tins, again with no inter-
pretation (44).

By the 1920s the
literature was filled
with a mélange of
names for the radioac-
tive gaseous element,
including niton (Nt)
[niton was the “offi-
cial” entry in Chemical
Abstracts], emanation
(Em), radon (Rn),
thoron (Tn), actinon
(At), and, of course,
“radium emanation.”  A
reader of the literature
was not sure whether
one was dealing with
the general element or
with a specific isotope.
In 1923 the Interna-
tional Committee on
Chemical Elements
noted that (26):

The Committee has found it necessary to modify the
nomenclature of several radioactive elements. . .
Radon replaces the names radium emanation and
niton.

By then Rutherford was no longer conducting research
on radon and certainly was not involved with the nam-
ing of the element (45).  He had moved on to other work
at Manchester University (1907-1918), where his famous
α-particle scattering research was performed (46), and
then on to Cambridge University (1919-1937) to study
the artificial disintegration of the elements (46).  Unfor-
tunately, the name “radon” was accompanied with mis-
leading connotations, and errors have passed into his-
torical accounts.  It is interesting to note, for example,

Figure 5.  The original apparatus used by Rutherford in the
Macdonald Building to demonstrate  the nature of the thorium

emanation: “Public demonstration of the Rutherford experiment on
the condensation of radium emanation when passed through a

copper spiral cooled in liquid air. Macdonald physics lecture room,
6 Nov. 1902.” The copper spiral and ionization chambers are

preserved in the Case “B” of the Rutherford Museum. (Courtesy,
Rutherford Museum, Department of Physics, McGill University).
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that in Dorn’s article on emanation (22) he never used
the term “radium emanation” as stated in the literature
(47).   He simply reiterated Rutherford’s term “emana-
tion,” referring to any radioactive species that exhibited
the behavior. A careful
examination of the lit-
erature makes it clear
that Rutherford not only
proposed the name ema-
nation (25), but also was
the first to use and to
propose the term radium
emanation (48):

The term emanation
X, which I previously
employed . . . is not
very suitable, and I
have discarded it in
favor of the present
nomenclature [radium
emanation], which is
simple and elastic.

As another example, the
statement that “Profes-
sor Dorn showed that
one of the disintegration
products is a gas (24)”
is incorrect.  He had no
inkling what he was
dealing with, which is
clear from his record
(22, 42, 43).  It would
therefore appear that, by all valid criteria (1)-(6) listed
above,  Rutherford should be given credit for the dis-
covery of radon:  he made a full characterization of the
emanation—chemical, physical, and nuclear; he pro-
posed it to be a new element and correctly placed it in
the appropriate family of the periodic table [although
he utilized molecular mass and spectral data of others
to corroborate his conclusions] (49).

Dorn, on the other hand, had no idea of—nor any
curiosity about—the nature of emanation. The only claim
that Dorn would have to discovery is that he first no-
ticed emanation from radium.  But as is clear from the
literature, the first emanation—i.e., any isotope of ra-
don—was actually observed by Rutherford, and this was
acknowledged by Dorn (22).  Any claim that Ruther-
ford and Soddy arrived at their conclusions by working
with Dorn’s compound (emanation from radium) is ren-
dered moot by the fact that they had performed experi-
ments on thorium emanation first and showed it was a

chemically inert gas of high molecular weight, and prob-
ably belonged to the helium-argon family (32)—all be-
fore they performed the same studies on emanation from
radium (33).

It is particularly fitting that
Rutherford be credited with the dis-
covery of the element that launched
him on his long and rewarding in-
vestigations of nuclear transforma-
tions.  The only question is whether
Frederick Soddy, who accompa-
nied Ernest Rutherford in the re-
search at McGill University after
Rutherford’s original discovery of
thorium emanation, should also
share in the honors.  Ramsay once
suggested (40) that Soddy’s rapid
change of posts might have pre-
vented his receiving due credit for
certain discoveries (50); he cer-
tainly was invaluable to Ruther-
ford at a critical time (51):

. . . the Fates were kind to Ruth-
erford. He was left in Canada to
discover that his collaboration
with a young Oxford chemist,
Frederick Soddy, was to mean
more to him at that precious junc-
ture than any Chair in Europe.

Rutherford also once stated in a
letter that Soddy should share
whatever credit existed for their

work at McGill University (52).  After Rutherford’s
original observation of thorium emanation (25), both he
and Soddy journeyed together down the fascinating path
that led them to their final understanding—to the ulti-
mate discovery—that they had found a new element cre-
ated by a transmutation process, a theoretical idea dis-
carded since medieval times.  Oliver Sacks gives an
absorbing account of this turning moment of chemical
history in his Uncle Tungsten (53):

The Curies (like Becquerel) were at first inclined to
attribute [radium’s] “induced radioactivity” [in ev-
erything around them] to something immaterial, or
to see it as “resonance,” perhaps analogous to phos-
phorescence or fluorescence.  But there were also in-
dications of a material emission. They had found, as
early as 1897, that if thorium was kept in a tightly
shut bottle its radioactivity increased, returning to its
previous level as soon as the bottle was opened.  But
they did not follow up on this observation, and it was

Figure 6.  Case “B” of the Rutherford Museum, being
presented by Dr. Montague Cohen, past curator of the

museum. The exhibits in the museum include
Rutherford’s apparatus in six different cabinets: A,

“Nature of the α-rays”; B, “Emanations from thorium
and radium”; C, “Excited radioactivity”; D, “Ionization

studies”; E, “Heating effects of radiation”; F, “The
radium decay series.”  Also in the museum are

documents on a center table and his desk. The museum
is in the Ernest Rutherford Physics Building of McGill

University. (Photograph by the authors).
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Ernest Rutherford who first realized the extraordi-
nary implication of this:  that a new substance was
coming into being, being generated by the thorium;
a far more radioactive substance than its parent.
Rutherford enlisted the help of the young chemist
Frederick Soddy, and they were able to show that the
“emanation” of thorium was in fact a material sub-
stance, a gas, which could be isolated. . . . Soddy
[wrote later]. . . “I remember quite well standing there
transfixed as though stunned by the colossal impact
of the thing and blurting out. . . . ‘Rutherford, this is
transmutation.’  Rutherford’s reply was, ‘For Mike’s
sake, Soddy, don’t call it transmutation. They’ll have
our heads off as alchemists.’”
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53. O. Sacks, Uncle Tungsten, Alfred A. Knopf, New York,
2001, 282.

ABOUT THE AUTHORS

J. L. Marshall obtained his Ph.D. in organic chemistry
from Ohio State University in 1966 and V. R. Marshall
her M. Ed. from Texas Woman’s University in 1985.
JLM has been Professor of Chemistry at the University
of North Texas, Denton, TX 76203-5070, since 1967,
with an intermediate appointment (1980-1987) at
Motorola, Inc. V. R. M. teaches computer technology in
the Denton School system.  Since their marriage in 1998
the two have pursued their ten-year project, “Rediscov-
ery of the Elements.”

HISTORY OF CHEMISTRY DIVISION

http://www.scs.uiuc.edu/~maintzvHIST/



84 Bull. Hist. Chem., VOLUME 28, Number 2  (2003)

James Bryant Conant was a truly unique figure in the
history of American chemistry as he was one of the first
American trained chemists to break the total domina-
tion by European chemists in the field of organic chem-
istry (1).  He was the leader in the United States of a
movement to go beyond the traditional domination by
structural chemistry, as exemplified by German organic
chemistry prior to 1920, to an integration of all the vari-
ous branches of chemistry in order to understand chemi-
cal phenomena.  Conant, along with persons like Howard
Lucas in the United States and Arthur Lapworth, K. J. P.
Orton, Robert Robinson, and C.K. Ingold in Great Brit-
ain, would establish the discipline of physical organic
chemistry in the period between the two world wars.
Conant was also a visionary in that he saw the future of
chemistry inextricably bound to the development of the
biological sciences.  Conant considered his work on
chlorophyll as his most significant contribution to chemi-
cal knowledge; others would stress his work in physical
organic chemistry as his greatest chemical legacy (1, 2,
3).  He was in the forefront of a new generation of Ameri-
can academicians who favored the idea of merit and
accomplishment as the prime criteria for professional
advancement rather then one’s familial background and
connections. This zeal for reform of higher education
would cause him to have to abandon almost completely
his chemical work when he was offered the presidency
of Harvard University in 1933.

How Conant became this leading figure during his
brief career as a chemist has received far less attention
than have his other careers as president of Harvard, sci-
entific adviser, diplomat, and critic of the American edu-

JAMES BRYANT CONANT:  THE
MAKING OF AN ICONOCLASTIC
CHEMIST

Martin D. Saltzman, Providence College

cation system.  One can argue that his chemical training
and the research that he performed laid the foundation
for his future achievements.  Biographical notices ap-
pearing on behalf of the Royal Society (London) by
Kistiakowsky and Westheimer (2) and for the US Na-
tional Academy of Sciences by Bartlett (3) provide very
brief sketches of his life and emphasize his research
output.  Conant’s own 1970 autobiography (4) has only
76 out of 647 pages devoted to his life before his as-
sumption of the presidency of Harvard University in
1933.  James Hershberg devotes only 75 out of 755 pages
to this part of Conant’s life in his biography (5).

Conant’s autobiography was described by many
reviewers as revealing little of the man and had the qual-
ity of being an obituary, rather then an examination of
an exceptional life.  How much of this was a natural
Yankee reticence or a conscious attempt to conceal mat-
ters that might diminish his standing for posterity is dif-
ficult to assess.  Conant has been described as dogmatic
and unimaginative, incurably cold, without radiation, but
also as warm, brilliant, innovative, considerate, and un-
pretentious.  His granddaughter Jennet Conant has
recently written of her grandfather (6):

James Conant was a very private, proud, and tidy man
and placed a premium on appearances.

Conant family roots, both maternal (Bryant) and pater-
nal can be traced back to the founding of the Massachu-
setts Bay Colony in the early 17th century.  These two
families had lived for almost two hundred years in south-
eastern Massachusetts near the town of Bridgewater.  At
various times they were farmers, shopkeepers, and shoe
manufacturers.  His father James Scott moved to
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Dorchester, then a growing suburb of Boston, in 1880.
By hard work and effort, James Scott Bryant prospered
by building houses, speculating on real estate, and es-
tablishing a photoengraving business (7).  James Bryant,
born on March 26, 1893 was the last of three children
and the only son.

Conant made a point of his
humble beginnings to reinforce
his achievements as the result of
his efforts rather than family
position and contacts. Conant
felt initially an outsider when he
entered Harvard in 1910, and
this sparked his ambition to suc-
ceed and be accepted (8).

Herschberg has summa-
rized Conant’s childhood as fol-
lows (5):

….avid curiosity and breadth
of interest, skepticism toward
religious or political dogma,
admiration for intellectual ex-
cellence, rigorous self-disci-
pline, and devotion to duty,
awareness of and desire to par-
ticipate in an epoch of acceler-
ating technical change.

As a young child Conant was
fascinated by chemistry; and,
sensing his son’s interest, the el-
der Conant built a home laboratory where James was
able to conduct experiments.  In 1903 Conant was ad-
mitted to the highly competitive Roxbury Latin School,
a private school founded in 1645 by James Eliot (7).
Roxbury Latin had achieved an outstanding reputation
as a college preparatory school particularly strong in both
the sciences and the classics.  Roxbury Latin was the
only high school in Greater Boston that had laboratories
for the teaching of chemistry and physics.  More impor-
tant than the laboratories was the instructor Newton
Henry Black (1874-1961) (8).  He was to be an impor-
tant influence on Conant’s future (9).

Black, an 1896 Harvard graduate arrived at the
Roxbury Latin School in 1900 after having taught at the
St. George’s School, Newport, RI and Concord, NH High
School.  Black was an exceptional teacher and totally
devoted to his students.  He spent many summers in
Europe, where he toured laboratories and classrooms in
order to improve the level of secondary education in the
sciences in the United States.  Black continued his own

professional development by obtaining a master’s de-
gree at Harvard in 1906 (10):

...his students, as individuals, were his main concern,
and especially those who responded to his own en-
thusiasm for science.  He spotted them early.  At

Roxbury Latin boys from
several grades brought their
sandwiches to his laboratory
at lunch time for talk about
chemistry experiments,
home-made wireless sets,
and the like.  The students
were encouraged to go as
fast as far as they could, and
many left his courses with
advanced preparation that
anticipated much of college
physics and chemistry.

Conant thrived under the
mentorship of Black, rising
from a student with mediocre
grades in all his subjects ex-
cept science to becoming first
in his class.  Black firmly be-
lieved that Conant had the
most potential to achieve sci-
entific greatness of any of the
many students he had ever
taught in the past ten years.
Conant’s father had been suc-
cessful in his business ven-
tures, but he was not in a po-

sition to be able to support his son’s further education at
Harvard.

Through the efforts of Black and his fellow instruc-
tors at Roxbury Latin, Conant was awarded a scholar-
ship of $300 and he entered Harvard in the fall of 1910.
Black had arranged with Theodore Richards, chair of
the chemistry department, for Conant to receive ad-
vanced standing in chemistry since he had done the
equivalent of two years of college chemistry and a year
of college physics.  To obtain advanced standing Conant
had to pass the same final examination in the introduc-
tory chemistry course given in June, 1910 to the Harvard
students.  This was easily accomplished, and Conant was
thus able to begin his studies with Chemistry 2, the half-
year course in organic chemistry.

Theodore William Richards (1868-1928) (11) was
to play a crucial role in Conant’s life as mentor, col-
league, and father-in-law over the next two decades.
Richards, the first American to win the Nobel Prize in

Conant in his laboratory in Boylston Hall, 1921
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Chemistry (1914) was in some respects the equal intel-
lectually of Conant but his opposite in many ways.
Richards was one of the first American physical chem-
ists in the Ostwald tradition (12).  He had worked with
Nernst in Göttingen and Ostwald in Leipzig and spent
part of 1901 as a visiting Professor of Physical Chemis-
try at Göttingen. Richards had many of the same per-
sonality traits as Conant: cool rationality and reserve,
prudence, skepticism, and thoroughness.  Conant was
so taken by Richards as an undergraduate that he re-
solved to do his Ph.D. research with him.  This had been
Black’s intention when he had so highly recommended
Conant to Richards.

Conant was eligible in his third year (1912-1913)
to undertake undergraduate research.  In 1912 Emil Pe-
ter Kohler (1865-1938) (13) arrived at Harvard, having
previously taught at Bryn Mawr College for twenty
years.  Kohler, an organic chemist, had obtained his
Ph.D. with Remsen at Johns Hopkins in 1892.  He was
consumed with a deep passion for his subject that he
instilled in all his students.  He was familiar with the
latest developments in organic chemistry and shared
these with students in his advanced courses.  Kohler was
keenly interested in the mechanisms of organic reac-
tions, an unusual interest in a period in which structural
chemistry predominated.

Fellow students had advised Conant that it would
be a good idea for him to do research in another field
before he began his doctoral work with Theodore
Richards.  Conant described this turning point in his life
(4):

What was intended as an exploration of a neighbor-
ing field turned out to be an introduction to my
lifework as a chemist.  Kohler in his first year at
Harvard had few research students; therefore he gave
a disproportionate amount of time to me.  I was enor-
mously impressed by him as a man and a scientist.
The attractions of experimentation with carbon com-
pounds began to make me wonder whether I wanted
to be a physical chemist after all.

Conant finished his undergraduate work in three years
and formally graduated magna cum laude with the class
of 1914 and was elected to Phi Beta Kappa.

Torn between physical and organic chemistry,
Conant decided to present a double thesis for the Ph.D.
involving problems in physical and organic chemistry.
Kohler had offered him a position as the assistant in
charge of the undergraduate organic laboratory work,
which provided Conant the means to pursue his studies.

With Richards, Conant undertook a study of “The
Electrochemical Behavior of Liquid Sodium Amal-
gams,” which constituted Part I of his dissertation (44
pages) (14).  Part II under Kohler’s supervision was “A
Study of Certain Cyclopropane Derivatives” (234 pages)
(15).  Part II contained a comprehensive literature re-
view of cyclopropane chemistry through 1915 and in-
cluded some novel speculations on the bonding in cy-
clopropanes to account for their unusual properties.
Conant took stock of his situation (4):

With a Ph.D. awarded for a two-part thesis, I would
be theoretically prepared to undertake research in or-
ganic and physical chemistry.  Actually, by the time
commencement 1916 came around, I was a commit-
ted organic chemist.  By a series of accidents, Mr.
Black’s scheme of having his favorite pupil become
a physical chemist had been thwarted.  I had deserted
the path of chemical science, which he had laid out
for me so long ago.

However, Conant was to make good use of this dual
training as one of the pioneers in the discipline of physi-
cal organic chemistry in the 1920s and early 1930s (16).

During the summer of 1915 Conant had the oppor-
tunity to work in the laboratory of the Midvale Steel
Company in Philadelphia.  George L. Kelley, who had
received his Ph.D. in organic chemistry at Harvard in
1911, and then had been appointed an instructor for the
following academic year, was the head of the labora-
tory.  Kelley had hired a friend of Conant, Richard Patch
(Ph.D. 1914); this connection led to the summer job and
to Conant’s first three publications.  These papers, jointly
authored with Kelley, involved techniques for the analy-
sis of vanadium, chromium, and nickel in steel.

The outbreak of World War I in August, 1914 had a
profound impact on Conant’s plans for the future.  It
had been Conant’s intention to do post-doctoral work in
Germany, but by 1916 this had become impossible.
Conant’s admiration of German achievements in chem-
istry led him at the beginning of the war to express pro-
German sentiments even in light of the reports of Ger-
man atrocities in Belgium.  By 1916 anti-German feel-
ing had become so intense on the Harvard campus that
Conant was less than popular in many circles.  He toyed
briefly with the idea of studying at the Institute of Tech-
nology (ETH) in Zürich and also volunteering as an
ambulance driver on the Western Front.  This too proved
to be impossible, since one could not enlist as a driver
for a short term, as Conant had intended.  In 1916 Conant,
age 23 with his Ph.D., had few prospects for the imme-
diate future.
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Two fellow chemistry students, Chauncey Loomis
and Stanley Pennock, considered starting an organic
chemical manufacturing business and approached
Conant in the spring of 1916.  Germany had been the
principal source of organic chemicals in America, and
with the British blockade these were now scarce and
expensive.  The partners believed they could manufac-
ture small batches of simple organic chemicals, such as
benzyl chloride and benzoic acid, and sell them for a
considerable profit (17).  This venture was to be limited
to the length of the war and it seemed to the young and
naive Conant to be a get-rich-quick scheme.  His years
at Harvard as a scholarship student and then as a gradu-
ate assistant had convinced him that having indepen-
dent means was important.

Manufacturing started in the summer of 1916 in
Queens, New York, and Conant and Loomis proceeded
to burn the building down in August 1916.  Undeterred,
they moved to Newark, New Jersey and changed the
name of the partnership to the Aromatic Chemical Com-
pany.  Conant developed a more efficient process for
making benzyl chloride, which did not require using
gaseous chlorine.  He took out a patent (1,233,986: July
17, 1917), which was later sold to the Semet-Solvay
Company (18).

In September 1916 Roger Adams (1889-1971) gave
notice that he was leaving Harvard for a position at the
University of Illinois (19).  Adams was about to begin
his fourth year as an instructor at Harvard, when he suc-
cumbed to the persistent inducements offered by W. A.
Noyes to move to Illinois.  Conant and Adams were on
very friendly terms, and Adams had been one of
Conant’s examiners for the organic portion of his dis-
sertation.  Conant was asked to take over Adams’ courses
for the 1916-17 academic year.  He was formally re-
leased from any obligations to the Aromatic Chemical
Company on September 18, 1916 so he could return to
Cambridge.

Shortly after Conant returned to Harvard, on No-
vember 27, 1916, there was an accident in Newark when
his two former partners Pennock and Loomis began their
first full-scale production of benzoic acid.  An explo-
sion occurred that killed Pennock and two employees,
and Loomis sustained serious acid burns.  An investiga-
tion into the accident revealed flaws in the procedures
developed by Conant for the manufacturing process.
Although he was no longer officially associated with
the company, Conant certainly felt a degree of guilt over
the loss of his friend Pennock.

A crucial event for Conant was the entry of the
United States into World War I on April 2, 1917.  Conant
was less than enthusiastic about entering the war and
indicated in his memoirs that he had voted for Wilson in
the 1916 election because of his neutrality position.  By
early 1917 Conant, realizing that war was inevitable,
mulled over what he should do.  Volunteer for combat?
Volunteer his chemical skills, which were considerable?
On March 26, 1917 he wrote for advice from George
Kelley, with whom he had worked at Midvale Steel (20):

I have been wondering personally whether if war
comes (it seems inevitable now) I should enlist my-
self in the army or navy.  There seems to be a strong
opinion among those who should know best that the
trained chemists will be more useful in connection
with the industrial military work than by fighting
themselves.  There is, consequently, both in my mind
and in the minds of several of my friends, a great
deal of uncertainty as regards what course we had
best pursue.

Conant joined the Bureau of Chemistry of the US De-
partment of Agriculture in Washington, DC as his con-
tribution to the war effort.  However, Conant’s associa-
tion with the Bureau was short-lived because he was
recruited by James F. Norris of MIT to become a group
leader at the Bureau of Mines division of American Uni-
versity in Washington, where research on offensive poi-
son gas was being carried out.  His work in Washington
concerned an improved synthesis of mustard gas.  Conant
was inducted into the Chemical Warfare Service of the
Army in 1917 as a First Lieutenant and rose to the rank
of Major by the time he was released.

The Allies had developed a more potent poison gas
then mustard gas: namely, dicholoro (2-chlorovinyl) ar-
sine, or lewisite, named after its developer W. L. Lewis
of Northwestern University.  In May, 1918 Conant was
given the assignment of producing lewisite on a large
scale at a plant to be set up in Cleveland, Ohio.  Lewisite
was never used offensively, but the feat Conant accom-
plished in converting a product of laboratory research
to full-scale production drew praise from his superiors.
Upon being discharged on January 11, 1919, Conant
returned to Harvard and was appointed an instructor for
the balance of the 1918-1919 academic year.

World War I had demonstrated the importance of
chemistry and how ill prepared the United States and
the other allies were in this new, more sophisticated tech-
nological age.  As a result of a major expansion of the
American chemical industry, Conant received several
offers prior to and shortly after his discharge because of
his outstanding work while in the Army.
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The offer from W. C. Greer, Second Vice President
in charge of development at B. F. Goodrich, on Decem-
ber 23, 1918, illustrates the great promise of Conant as
a scientist (21):

The Goodrich Company is desirous of adding to its
staff several experienced, well educated research
chemists.  The line of work to be done is most inter-
esting to one who had a good training in either or-
ganic or physical chemistry or both.  From the de-
scription of you and your work made to me by Dr.
Jones and others in the Chemical Warfare Service in
Washington, I believe you would find the investiga-
tions which I have in mind exceedingly interesting
and the situation one to your liking. The possibilities
for the future to you personally, I assure you, would
be excellent.

The University of Chicago also tried to hire Conant.
Julius B. Stieglitz wrote to Conant on February 19, 1919
(22):

I have received word from Dr. Richards that he would
have no objection to my trying to secure you for our
staff in spite of the fact that you have been offered an
Assistant Professorship on the Harvard staff....Would
you be willing to consider a call as Assistant Profes-
sor of Chemistry with a salary of $2,500?

I do not know, of course, whether you would be
at all interested in coming to us, but I hope you will
consider the invitation with an open mind.  A few
years here, with advancement to a permanent appoint-
ment as Associate Professor, and ultimately as Pro-
fessor, together with a prospect that Harvard might
wish to call you back to its own staff would, it seems
to me, be mutually profitable.

Frankly, it is our intention to strengthen the or-
ganic work at all costs, but we prefer to do so with a
view to the future, rather with a promising young man
like yourself, than with an older man of fully estab-
lished standing.

Roger Adams, instrumental in suggesting Conant to
Stieglitz, communicated with Conant in a letter dated
February 3, 1919, about two weeks prior to the formal
offer (23):

I suggest that you may have a letter concerning the
possibility about coming out West.  You had better
consider it carefully because I think it is a good posi-
tion and I have never regretted coming here three
years ago in spite of the fact that I miss a great many
of the things that I was able to have when in Cam-
bridge.

Conant turned down the offer in favor of an appoint-
ment as an Assistant Professor of Chemistry at Harvard.
He set about developing a research program, in which
he initially concentrated on extending some of the work

he had done at the Chemical Warfare Service and then
branched out into other fields.  He was consumed by his
research, probably to the detriment of his teaching and
other duties.  He was a frequent guest at the Richards
home and this led to his eventual marriage to Grace
(Patty) Thayer Richards, daughter of Theodore and
Miriam Thayer Richards, on April 21, 1921 in the
Appleton Chapel at Harvard University.  Their marriage
lasted for his lifetime and produced two sons, James
Richards (b.1923) and Theodore Richards (b. 1926).
Although Conant was cremated, his ashes are buried with
his wife in the Richards family plot in the Mount Au-
burn Cemetery in Cambridge.

As a honeymoon gift T .W. Richards made it pos-
sible for the newlyweds to visit Britain in the summer
of 1921.  Armed with letters of introduction from his
father-in-law, Conant called upon Jocelyn Thorpe in
London and met a very young Christopher Ingold and
Norman Collie.  At Oxford he talked to William Henry
Perkin, Jr,; in Manchester Arthur Lapworth, and in
Newcastle Norman Haworth.  Many of these were pio-
neers in physical organic and bioorganic chemistry, fields
in which Conant would become interested.  He also at-
tended a Solvay conference in Brussels, where he met
William Pope and Thomas Lowry (24).

From 1919-1925 Conant and his co-workers pub-
lished 36 papers, 31 in the Journal of American Chemi-
cal Society and several others in the Journal of Biologi-
cal Chemistry.  In a major undertaking, reported in a
series of papers beginning in 1922, Conant applied his
knowledge of electrochemistry to the mechanism of
oxidation-reduction in organic compounds with an eye
towards its relevance to biological systems.  With Louis
Fieser and a number of other co-workers over many
years, the mechanisms of oxidation- reduction were elu-
cidated (25).  The reduction reactions were of both the
reversible and the irreversible types.  Many of the stud-
ies involved reversible reduction with quinones (benzo-
quinone, napthoquinone, and anthroquinone) as model
systems.  The relation of structure as well as solvent
system to redox potential was studied in detail in these
investigations.  These studies characterize the new in-
sights that Conant brought to the study of organic sys-
tems:  the importance of the application of the methods
of physical chemistry to understand more fully what was
happening in organic reactions and the importance of
an interdisciplinary approach (26).

In a similar vein, kinetic studies on “The Relation
Between the Structure of Organic Halides and the Speeds
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of their Reaction with Inorganic Iodides”(27) began in
1924.  This research anticipated to some degree the work
that would be done by Ingold on nucleophilic substitu-
tion in the 1930s.  Conant was able to show that the
reaction was bimolecular and that the most reactive sub-
strate, ethyl chloride, was twice as reactive as any other
compound studied.  Secondary and tertiary halides were
less reactive and cyclohexyl chloride did not react at
all.  Studies with lithium, so-
dium, or potassium iodide
showed that the cation had no
effect and that it was the io-
dide ion that was involved in
the displacement reaction.

In 1923 Conant pub-
lished the first of a major se-
ries of investigations in
which he applied his mastery
of both physical and organic
chemistry to the study of bio-
logical systems.  He was an
early proponent of the propo-
sition that the most signifi-
cant work that would be done
by organic chemists in future
decades would be in the area
of biological chemistry.  His
initial work in this new area
was an electrochemical study
of hemoglobin (28).  With
Fieser he performed a quan-
titative reduction of meth-
emoglobin to hemoglobin by
electrometric titration with
sodium hyposulfite.  This
investigation offered additional evidence that reduction
involved a one-electron transfer that converted ferric to
ferrous ion.  As a by-product of this work, Conant and
Fieser developed an electrometric method for the deter-
mination of methemoglobin in the presence of its cleav-
age products, one that was more reliable then the spec-
trometric method then in use (29).

A significant event during this period was the found-
ing of Organic Synthesis.  On January 17, 1919, Roger
Adams wrote to Conant concerning the idea of produc-
ing an annual publication devoted to new or better meth-
ods for the synthesis of specific organic compounds.  In
another letter on February 3, 1919, Adams, in reply to
Conant, gave further details of his ideas about the orga-
nization of this venture (30):

In regard to making this international, I feel we are
under no obligation to such people as Stieglitz,
Emmet Reid, Bogart, etc.  In the first place, they never
would do any work and would degrade the whole
affair even in my mind if they become any such thing
as honorary members.  I would prefer simply to tell
these men that such a thing was being carried out
and was being actually done by the younger organic
chemists....It is better to have only four or five men

and this would work out more
satisfactorily I am sure....Of
course, it was my intention to
write to some of the bigger
men in France or England and
ask them for the names of
some of the prominent
younger men who might be
willing to cooperate....I think
it might be well for you to
speak to Kohler and see what
he thinks of the whole thing.

Organic Synthesis was a direct
response to the difficulty that
American chemists were hav-
ing in obtaining organic chemi-
cals during World War I, as well
as to the post-war problems of
cost and supply.  John Wiley
agreed to publish Organic Syn-
thesis, and the first volume ap-
peared in 1921 with Adams as
Editor-in-Chief and Conant as
a member of the editorial board.
Conant was the editor of Vol-
ume 2, which appeared in 1922,
and continued to serve on the
editorial board for many years.

In 1925 Conant, promoted to Associate Professor
with tenure, was finally able to make his long postponed
visit to Germany.  With his wife and young son Theodore,
Conant took up residence in Munich in April, 1925.  Over
the next eight months Conant made the grand tour of
German universities and met with many of the leading
figures in academia and industry.  These trips were me-
ticulously documented in a diary, which contained com-
ments on the places and persons he met.  He visited the
universities at Tübingen, Karlsruhe, Heidelberg,
Darmstadt, Würzburg, Göttingen, Dresden, Halle,
Leipzig, Berlin, Jena, and Erlangen.  Among those he
had discussions with were Casimar Fajans, Hans Fischer,
Kurt Meyer, Theodore Wieland, Jacob Meisenhemier,
Karl Ziegler, Theodore Curtius, Hermann Staudinger,
Adolf Windaus, and Arthur Hantzsch.  He toured

Patty Richards with sons James Richards (l) and
Theodore Richards, 1930
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Ostwald’s laboratory in Leipzig and spent time in the
library of the Hofmann House in Berlin.  From Septem-
ber 1-6, 1925 he attended the meeting of the German
Chemical Society in Nürnberg and met Hans Meerwein
and Paul Walden (31).

Returning to Harvard, Conant resumed his program
of research with even greater vigor.  He was confident
that he would quickly be promoted to the rank of Pro-
fessor of Chemistry.  He felt that his progress was being
held back as a junior member of the department by the
disproportionately heavier teaching load he bore, as well
as the lack of sufficient students and financial support
to carry out the many avenues of research he wished to
pursue.

A. A. Noyes (32) of the California Institute of Tech-
nology had been making overtures to Conant about join-
ing the faculty as a full professor with a reduced teach-
ing load and institutional funding for his work. In late
1926 Conant was enticed by Noyes to take unpaid leave
form Harvard, with Caltech paying his salary and ex-
penses for a period from February-April, 1927.  This
was not Conant’s first trip to California, as he had spent
the summer of 1924 at the invitation of G. N. Lewis (a
student of Richards) at the University of California,
Berkeley, teaching undergraduate organic chemistry. The
visit was combined with a month’s vacation spent at
Carmel, which the Conant family thoroughly enjoyed
(33).  Thus Conant was predisposed to making a break
with his past.

Noyes was eager to have a chemist of Conant’s
ability, ambition, and blossoming reputation join his
department.  He offered Conant a salary and working
conditions that were beyond anything he had or would
normally have expected at Harvard.  In a report Conant
made to the Carnegie Corporation in 1969, he wrote the
following (34):

Here I might record my impressions as a member of
the department of chemistry at Harvard and my own
response to a call to the Cal. Inst. Of  Tech.  Some of
the older members of the department, when it came
to enlarging the department by the addition of one or
two people, were always inclined to look to their own
graduate students and be suspicious of outsiders.  This
seemed to me a bit of parochialism, which was not in
the interest of either chemistry or the university.

We have a good idea of what Conant expected to do in
his trial period at Caltech from a letter he wrote to A. A.
Noyes on January 3, 1927, in which he stated what he
intended to teach and what his research plans were (35):

In regard to lecture work, I should be delighted to
take over the three hours a week course in advanced
organic chemistry.  I would plan to discuss in par-
ticular some aspects of the recent work on oxidation
and reduction and on the constitution of complex
natural products.  In regard to research, I have de-
cided that it would be best to concentrate my efforts
on some aspect of the oxidation-reduction work while
I am with you....I should perhaps apologize for plan-
ning such a physical-chemical investigation in a new
organic laboratory but, considering the present state
of my problems and the short time available, it would
seem to me the wisest line of research to undertake

When Conant stated his intention to resign to President
Lowell of Harvard, a counter-offer was made.  In a let-
ter to Conant dated May 13, 1927, the Dean of the Col-
lege of Arts and Sciences, Clifford H. Moore, enumer-
ated the conditions of the offer.  First, Conant would be
promoted to the rank of professor, effective September
1, 1927, with a salary of $7,000.  Specific stipulations
about teaching and committee work and financial sup-
port for research were also included (36):

...you will not be asked to give more then one lecture
course running through the year.…you will not be
asked to serve on standing committees….a grant of
$4,000 for the year 1927-28, followed by a yearly
grant of $9,000 for the next five years, these sums of
money to be expended by you in furthering your re-
search in such a manner as seems wisest to you.

With this guarantee of research funding Conant was now
in a position to hire post-doctoral associates.  Although
not a common practice in the United States at this time,
it had been one of the aspects of the Germanic system
that Conant so admired.  Conant’s research output in-
creased markedly over the next few years (37).  In look-
ing at the leading works published in physical organic
chemistry in the 1940s and 1950s, the citations to
Conant’s body of work are almost exclusively from this
period (38).  This is the period in which Conant had
many students who would become the future leaders of
physical organic chemistry, such as Paul Bartlett, George
Wheland, and Frank Westheimer.  From 1928-1933
Conant was able to publish 55 papers in a variety of
research areas (39).  This equaled his entire output from
his first papers in 1916 through 1927.

One year after being promoted to professor, Conant,
now only 35 years of age, was awarded the Sheldon
Emory Professorship in Organic Chemistry.  This was
also coupled with the move to the new Mallinckrodt
Laboratory from the cramped confines of Boylston Hall.
He was also able to purchase his first house on the same
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street as the new laboratory.  This year also coincided
with the publication of the first edition of his under-
graduate textbook, Organic Chemistry: A Brief Intro-
duction, which went through several editions (41).  A
more detailed text, The Chemistry of Organic Com-
pounds: a Year’s Course in Organic Chemistry, was pub-
lished in 1933.  In 1931 Conant was appointed chair-
man of the chemistry department, a position that had
also been held by his father-in law T. W. Richards.

Conant’s comfortable world was irrevocably
changed when President Abbot Lawrence Lowell an-
nounced his resignation on November 21, 1932, effec-
tive at the end of the academic year.  Lowell, president
since 1909, was a man of a deeply conservative nature.
According to younger faculty such as Conant, Lowell
had presided over the gradual decay of Harvard as a
first class institution devoted to learning and research in
favor of preserving Harvard as a bastion for the elite of
America.  The naming of a new president was the prov-
ince of the six members of the Harvard Corporation, all
considered being very much in favor of the status quo.
It was generally believed that the choice would be some-
one with the breeding and refinement of Lowell and his
predecessor, Charles William Eliot (42).

The Corporation proceeded to solicit names of can-
didates and discuss these with members of the faculty
and among themselves for several months.  Conant was

well known as a first rate organic chemist and a man of
forward thinking ideas of reform on campus; but he was
completely unknown to the world outside of Harvard
Yard.  Having no interest in the office and having
achieved his position based upon merit, he was quite
blunt and direct as to the problems he saw at Harvard
when interviewed by the members of the Corporation.
As the selection process continued and many names were
dropped from consideration, Conant began to appear on
the lists of the Corporation members.  The final choices
were narrowed to two:  Conant and Elihu Root, Jr., a
New York lawyer, whose father had been both Secre-
tary of State (T. Roosevelt) and War (McKinley).  The
need for reform was felt to outweigh any other consid-
erations and Conant was offered the presidency on April
24, 1933.  Conant was torn between his desire to remain
in chemistry and to accept this new challenge.  He felt
that if he declined and Root were made president, a
nonscholar would be in charge; and the chance to re-
verse the decline in Harvard’s fortunes would be lost.

Conant was not a popular choice to many inside
and outside of Harvard.  Typical is this conversation
between Alfred North Whitehead and a colleague (5):

“The Corporation should have not elected a chemist
to the Presidency”….”But Elliot was a chemist and
our best president,” his colleague replied…”I know,”
replied Whitehead, “but Eliot (41) was a bad chem-
ist.”

T. W. Richards with students and colleagues on the steps of Gibbs Hall; Conant in top row,
second from right, ca 1921
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Whitehead was certainly proven wrong, for Conant was
not only a very good chemist but was an outstanding
president.

James Bryant Conant’s brief career as a research
chemist lasted only from 1919-1933.  In view of the
level of his accomplishments, this is truly remarkable.
He was instrumental in the development of American
physical organic chemistry, making contributions in
such diverse fields as superacidity, the quantitative mea-
surement of very weak acidity, the theory of nonaque-
ous solutions, kinetic versus thermodynamic control of
reactions, free radicals, reaction mechanisms, and ef-
fect of high pressure on organic reactions.  His pio-
neering work in the biochemical area involving hemo-
globin and chlorophyll showed that an important func-
tion of organic chemistry in the future would lie in its
application in the biochemical arena.  Although Conant’s
active chemical career ended in 1933 (his last research
publications date from 1934), his influence remained
alive through his many students and admirers, who ex-
panded upon the work he had begun.
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Wilhelm Ostwald had a lifelong inter-
est in catalysis. His receipt of the 1909
Nobel Prize for Chemistry was partly
a result of his contributions to this
topic. Following his appointment as
professor of physical chemistry at the
University of Leipzig in 1887, his in-
terest was largely maintained through
research assignments. The disserta-
tions of about one-third of his English-
speaking students were devoted to
studies of catalysis or involved the use
of catalytic effects.

Ostwald’s decision that a thor-
ough study of the chlorination of ben-
zene should be made may have been
based on the observation that, although
many factors governing the results
were well known, no quantitative measurements of the
dynamics were available.

The choice of a catalyst can affect not only the rate
of a chemical reaction but sometimes can also control
the nature of the products. In the case of chlorine and a
large excess of benzene, the rate of reaction in the dark
is very slow. When a catalyst such as tin tetrachloride is
added, chlorobenzene, a substitution product, is ob-
tained:

C6H6 + Cl2 → C6H5Cl + HCl              (1)

 Illumination accelerates the reaction between chlo-
rine and benzene, but the result is an addition product,
benzene hexachloride.

ARTHUR SLATOR AND THE
CHLORINATION OF BENZENE

John T. Stock, University of Connecticut

C6H6 + 3Cl2 →  C6H6Cl6 (2)

The formation of hydrochloric
acid in Reaction 1, but not in Reac-
tion 2, is of obvious value in the
analysis of mixed products that may
result from the use of other catalysts.

As a student of Ostwald in
Leipzig, Arthur Slator (Fig. 1) under-
took a quantitative study of the chlo-
rination of benzene.  Slator was born
in Burton-on-Trent, England, on
April 21, 1879, the son of Henry
Slator, head brewer at the Evershed
brewery (1). He attended Burton
Grammar School and Mason Col-
lege, Birmingham, finally graduating
with first-class honors from the Uni-
versity of London in 1899.  The

award of an 1851 Exhibition Scholarship enabled him
to carry out research in Birmingham and, much more
extensively, in Ostwald’s laboratory in Leipzig. Here
Slator thoroughly investigated the kinetics of the cata-
lyzed action of chlorine on benzene (2). The symbols
used by Slator are retained in the present account.

When Slator arrived in Leipzig, Ostwald had be-
come strongly interested in philosophy. Although he
retained the overall direction of chemical research, its
immediate supervision passed increasingly to his very
able assistants.  Prominent among these was Robert
Luther (1867-1945), who became sub-director of physi-
cal chemistry in 1901.  It is clear that Luther became the

Figure 1. Arthur Slator
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actual supervisor of the task that Slator was about to
begin.  Both in Slator’s doctoral dissertation (1903) and
the resulting publication (2), Luther received acknowl-
edgment as mentor.

Slator repeatedly distilled commercial, thiophene-
free benzene until the boiling point was constant to
within a few tenths of a degree.  Chlorine, prepared from
HCl and K2Cr2O7, was dried over H2SO4 and either
immediately dissolved in benzene or stored for later dis-
solution.  Dilution of the stock solution with benzene
was used to prepare solutions for measurement of the
velocities of reaction. With benzene
present in large excess, its concentra-
tion could be regarded as remaining es-
sentially constant.

Slator performed some reactions in
sealed tubes, but when possible used the
more convenient apparatus shown in
Fig. 2.  The capacity of the reaction ves-
sel, A, was not stated; but, because the
performance of an experiment involved
a succession of samplings, it was prob-
ably not less than about 100 mL.  The
vessel, which was immersed in a ther-
mostat set at 25o C, had an attached 3-
mL pipet as shown. Measured samples
of the solution could then be withdrawn
for analysis.  An unspecified red sub-
stance was used to color the bath liq-
uid.  According to Slator, the aim was to eliminate light
(presumably of the spectral region that could bring about
the chlorine-benzene addition) and thus to make the
measurements in the dark.

After the introduction of a measured amount of
catalyst, the stirred mixture was sampled at specified
times. Each sample was shaken with KI solution, and
the liberated I2 was titrated with Na2S2O3 solution, a
technique known since the 1850s (3).  This provided a
measure of the remaining chlorine. To study the forma-
tion of HCl, the titration was continued with Ba(OH)2
solution at 0o C.  At this temperature hydrolysis of the
S4O6

2- formed in the first titration is slow and does not
interfere.

According to Slator, the use of iodine as a haloge-
nation catalyst had been known since 1862.  However,
applications of this catalyst in organic syntheses had been
rare, because of possible attack on the reaction products
or on other substances present.  This restriction did not
apply to Slator’s work, because the addition of small

known concentrations of iodine to the chlorine-benzene
solution generated iodine monochloride (ICl).  He
showed that ICl did not attack benzene but remained
unchanged in the solution while catalyzing the chlorine-
benzene reaction.  In his studies with this catalyst, Slator
was thus able to measure amounts of remaining chlo-
rine by deducting the titer attributable to ICl from the
total thiosulfate titer.  He noted that, with this catalyst,
both chlorobenzene and benzene hexachloride were pro-
duced.  However, his first concern was to determine the
rate of the consumption of chlorine, on the assumption

that the data would fit the first-order
equation:

[Cl] 0

[Cl] t
=

1

t
logK      (3)

In this equation, Slator used K to
indicate the rate constant, [Cl]o  the
initial concentration of chlorine and
[Cl] t the concentration after the elapse
of t minutes.  Slator found that K,
which decreased as the ICl concentra-
tion was decreased, was inversely pro-
portional to the square of this concen-
tration.  Additional experiments at 15o

C indicated a temperature coefficient
of about 1.07 for a 10o C rise.

Slator investigated the distribu-
tion of chlorine between the two products at tempera-
tures of 20o, 25o and 80o C.  Although he could not iso-
late the benzene hexachloride, he was able to determine
it indirectly.  An ICl-catalyzed chlorine-excess benzene
reaction was run to completion, and the HCl thus formed
was titrated with Ba(OH)2  solution.  This provided a
measure of the total chlorine that had reacted.  The ben-
zene solution was then separated, washed with water,
and dried over CaCl2.  A measured aliquot was heated
with alcoholic NaOH (presumably standardized by acid
titrimetry and in known amount) for 30 min. This treat-
ment affects only the benzene hexachloride.  From the
decrease in titer, the amount of the hexachloride can be
calculated.  Then the corresponding amount of chlo-
robenzene can be obtained by difference.  Slator found
that the reaction temperature had almost no effect and
that an average of 72.5% of the chlorine is converted
into chlorobenzene.

Because carbon tetrachloride is not attacked by
chlorine, Slator chose it as a solvent to examine the ki-
netic aspects of benzene itself.  Numerous experiments

Figure 2.  Apparatus for catalytic
studies.
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showed that  the approximately 70% yield of chloroben-
zene, found previously, was also observed when the
concentration of benzene ranged from 10% to 60%.
Because the value of K / [ICl] 2  for a 20% solution of
benzene was approximately twice that for a 10% solu-
tion, Slator concluded that the rate of reaction was pro-
portional to the concentration of benzene, despite some
decreases in the value of the above ratio that could not
be attributed to the low concentration of benzene alone.
Slator thought that a solvent effect was involved but
lacked the time to follow up this concept.

Slator attempted to use cryoscopy to ascertain the
nature of the solutes in the solutions.  Because chlorine
and benzene react very slowly in the dark, he was able
to obtain six closely agreeing values for the apparent
molecular weight of chlorine. However, the average
value was only 88% of that expected for the molecule
Cl2.  In the examination of ICl, the freezing point of a
sample of benzene was first measured.  Iodine was then
added and both its concentration and the resulting freez-
ing point were determined. Chlorine, in quantity insuf-
ficient to destroy all the iodine, was then introduced and
the freezing point was again determined.
From this, the depression due to iodine was
calculated and subtracted from the total de-
pression.  Slator gave no example of the
calculation used to obtain the apparent
molecular weight of ICl, which, from the
average of three experiments, he found to
be 85% of that for the molecule ICl.

It is not clear whether Slator per-
formed any experiments concerning io-
dine. He mentioned an earlier report that
gave an apparent molecular weight 1.40
times that required for the molecule I2 (4).
Slator commented (2):

…but when corrected for the solid solu-
tion, gives 0.90 I

2
. Consequently, it ap-

pears that chlorine, iodine and iodine
monochloride in benzene solution are
present as Cl

2
, I

2
 and ICl, but in all of these cases we

find the values approximately 15% too small.

No explanation was given for the cause of this apparent
peculiarity.

In summarizing the reactions with ICl as catalyst,
Slator stated that the velocity of the entire consumption
of chlorine can be expressed by

K[Cl2] [C6H6] [ICl] 2d[Cl]

dt
=– (4)

and the overall reaction can be approximated as:

 8 C6H6 + 10 Cl2 →  7 C6H5Cl + 7 HCl + C6H6Cl6

In experiments with SnCl4 as catalyst, a measured
volume of its solution in benzene was added to benzene
in the reaction vessel and chlorine was then introduced.
Samples of the mixture were withdrawn and analyzed
as indicated earlier. Only the substitution reaction oc-
curred, with a temperature coefficient of 1.5 per 10o C
and a rate expressed by:

K[Cl2] [SnCl4]
d[Cl]

dt
=–  (5)

Experiments with four different concentrations of
SnCl4 led to values of from 34.8 to 35.5 for the ratio (K
x 104) / [SnCl4].  In experiments with FeCl3 as catalyst,
every trace of water had to be excluded and the appara-
tus was modified because the solutions were hygro-

scopic.  The K values varied with time
and also changed when additional chlo-
rine was introduced.  Despite these re-
sults, Slator concluded that the rate of
reaction appeared to be proportional to
the FeCl3 concentration.  Notably, the
temperature coefficient, 2.5, was larger
than that found for SnCl4.

Because ICl and SnCl4 had shown
very different catalytic effects, Slator
experimented with mixtures of the two.
He concluded that, with such mixtures,
chlorine is consumed at a rate almost
equal to that calculated for the sum of
the rates for the individual catalysts.

Having demonstrated the effect of
light on the chlorine-benzene reaction,

Slator decided to study its kinetics.  Parallel experiments
were designed with pairs of solutions of chlorine of dif-
fering concentrations. The solutions were sealed in sepa-
rate thin-walled glass tubes, which were then exposed
either to diffused daylight or to sunlight. The apparent
order, n, of the reaction was then calculated from the
following equation, where A1 and A2 are the chlorine
concentrations at the beginning of the experiments and
E1, E2 are the concentrations at the end:

Figure 3.  Decrease of light
intensity in a colored (i.e., light-

absorbing) solution
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A1 – E1

=
A2 – E2

A1 + E1

A2 + E2

n

(6)

Three pairs of experiments gave 1.25, 1.55, and 1.15
as the values for n. The difficulty here arises from the
fact that one of the reactants, chlorine, absorbs light and
thus interferes with the obtaining of a correct reaction
order. In other words, the intensity of the light, I0, at the
surface of the solution is greater than at any distance
within the solution. The intensity becomes smaller as
the light travels farther into the interior of the solution,
as illustrated qualitatively in Fig. 3.  Here Ix represents
the intensity at a plane distant x from the surface.

In an attempt to compensate for this effect, Slator
used a solution of chlorine in CCl4 as a light filter.  He
found that the filter considerably decreased the rate of
reaction, but concluded that the apparent order of reac-
tion was 2.  To obtain this number, a large correction
would have to be applied to 1.3, the average of the re-
sults given above.

Luther drew Slator’s attention to the possibility of
estimating the correction by the measurement of the in-
fluence of the light filter on differing concentrations of
chlorine.  Slator decided to seek an approach by which
the influence of the absorptive action was eliminated.
In order to compare the absorption in two solutions, he
needed to ensure that each solution received illumina-
tion of the same intensity.  To satisfy this requirement,
Slator constructed two thin plate-glass cells placed face

to face, as shown in Fig. 4.  The narrow edges of the
assembly were covered with strips of black paper, and
cells were exchanaged to compensate for any differences.
The assembly was placed vertically on a turntable and
adjusted so that an essentially parallel beam of sunlight
fell squarely aand exclusively on the outer face of cell
1.  When the table was turned through 180o, cell 2 re-
ceived the same illumination.  In his experiments, the
table was turned about 20 times. By considering the re-
lationships between light intensity, extinction coeffi-
cients, and concentrations, Slator proved theoretically
that, when the cell pair was equally illuminated from
both sides, the light strengths in the two solutions must
be approximately equal. The greater diminution of light
in the solution 2 is offset by the smaller effect in the
solution in 1, and vice versa.

Slator carried out five experiments in which the
chlorine concentrations in the respective cells were in
an exact 2:1 ratio. For example, for the initial chlorine
titers of 21.20 and 42.40, the final titers were 14.30 and
22.25, respectively. The calculated second order con-
stants were 23 and 21.5, respectively, leading to 1.9 as
the apparent order of reaction.  The results of all experi-
ments gave 1.95 ± 0.15, as close to 2 as could be ex-
pected.  The reaction with respect to benzene had been
shown to be of the first order, so that the rate of reaction
could be expressed by the equation:

K[Cl2]
2 . [C6H6]

d[Cl]

dt
=–  (7)

The temperature coefficient, 1.5 for a 10o C inter-
val, was larger than any reported for light reactions at
that time.

In discussing possible mechanisms for the chlorine-
benzene reaction, Slator pointed out that these might
proceed through the formation of intermediate com-
pounds, as in the electrolytic reduction of nitrobenzene
to aniline (5).  Concerning the effect of light, Max
Bodenstein (1871-1942) had found that the decomposi-
tion of hydrogen iodide was a reaction of the first order,
governed by the dissociation HI →  H + I. However, a
reaction of the second order, attributed to 2HI →  H2 +
I2, occurred in the dark (6). An explanation as simple as
this was not possible in Slator’s work.  He did, how-
ever, suggest that a more “active” form of chlorine might
arise from the action of light.

In addition to the full account of his study (2), Slator
published a shorter account in English (7).  After com-

Figure 4.  Double-cell system
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pleting his Ph.D. in 1903, he returned to England, to
become lecturer in chemistry at University College,
Nottingham.  He described the iodide-induced decom-
position of ethylene iodide (8) and wrote three papers
on the dynamics of the reactions between sodium thio-
sulfate and halogenated organic compounds (9).  His
next paper, dealing with fermentation, indicated a con-
siderable change in field (10). Deciding to follow his
father’s profession, Slator moved back to the town of
his birth.  In 1905 he was appointed brewing research
chemist to Bass, Ratcliffe & Gretton in Burton, where
he spent the rest of his active career.  He rapidly ac-
quired an appreciation of microbiology and fermenta-
tion and wrote numerous papers, especially on various
aspects for fermentation (10).  Grounded in kinetics
while at Leipzig, Slator became very interested in their
applications in fermentation, including the growth rates
of yeasts and bacteria.  His work was recognized by the
awarding doctorates from the University of Birming-
ham and the University of London.  After 42 years of
service, Slator retired in 1947.  He died on July 30, 1953,
at his son’s home in Berkhamsted.

Apparently, Slator had not continued his work on
the chlorination of benzene after he left Leipzig, but
Luther decided to expand Slator’s studies on the photo-
chemical aspects of the reaction (11).  He found that the
frequent irregularities observed were due to the retard-
ing effect of small quantities of dissolved oxygen.  If
freed from air by vaporization under reduced pressure,
a solution of chlorine in benzene became 20 times as
sensitive to light as one that had been in contact with

Figure 5.  Light intensity in a pair of solutions with
concentrations in the ratio 1 : 2

air.  In the chlorination of air-containing benzene, the
oxygen is gradually removed as the reaction attains its
maximum velocity.  Subsequent introduction of traces
of oxygen through such sources as the interaction of
chlorine with water from leaking stopcocks can cause a
subsequent decrease in velocity.

As is obvious from a scrutiny of Chemical Ab-
stracts, the realization of the insecticidal properties of
the γ isomer of benzene hexachloride has led to many
patents. Typical is a process in which the chlorination
of benzene is carried out in illuminated glacial acetic
acid (12).  This medium has been used for various fun-
damental studies of benzene chlorination.  Slator’s work
on the catalytic effects of iodine and of iodine
monochloride has been greatly extended.  Further, he
had found that the ferric chloride-catalyzed chlorina-
tion of benzene was of first order with respect to chlo-
rine and to this catalyst.  Half a century after his discov-
ery, a study of this reaction in carbon tetrachloride me-
dium yielded the same conclusion (13).  In a 1933 re-
port of the photochemical gaseous-phase chlorination
of benzene (14), the earliest reference cited on the liq-
uid-phase aspects of the reaction is that of Slator (2).
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The Neglect of
Chemistry

In Frank Settle’s article
“Chemistry and the Atomic
Bomb” in the American
Chemical Society’s publica-
tion, Today’s Chemist at
Work, he summarized the sta-
tus of the literature describ-
ing the contributions of chem-
istry to the Manhattan Project
as follows (1):

In most historical accounts,
the contributions of chemis-
try to the development of the
atomic bomb are eclipsed by
those of physics.

He quotes Glenn Seaborg as
expressing his disappoint-
ment that the famous Smyth
Report (2) neglected to place
the chemical contributions in
proper perspective and sug-
gested that the report be revised.  Unfortunately the em-
phasis on physics and neglect of chemistry has contin-
ued in almost all subsequent publications.  Settle’s ac-
count of the chemical problems involved in the electro-
magnetic process for separating U235 is a good descrip-

THE ROLE OF CHEMISTRY IN THE OAK RIDGE
ELECTROMAGNETIC PROJECT

Clarence E. Larson*

tion of some of the com-
plex chemical problems
encountered.   It is the pur-
pose of this article to ex-
pand the depiction of the
many challenges encoun-
tered during the opera-
tions.

When fission was dis-
covered by Hahn and
Strassman in late 1938,
there was some contro-
versy as to what isotope of
uranium was responsible
for fission by slow neu-
trons.  Niels Bohr and John
A. Wheeler showed that
the readily fissionable iso-
tope had to be the lighter
one.  This conclusion was
confirmed by John R.
Dunning of Columbia and
Alfred O. C. Nier of Min-
nesota, who separated the

isotopes in a mass spectrograph and bombarded the
samples with slow neutrons. This experiment established
that it would be necessary to enrich the uranium to a
high degree if it were to be of value as weapons mate-
rial.  Little did Nier and Dunning realize that the mate-

Clarence E. Larson, courtesy Oak Ridge National
Laboratory
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rials and the methods would eventually scale up to a
gigantic plant employing 25,000 workers to produce the
quantities of U235 used in the Hiroshima bomb.  Other
methods of separating the two isotopes included ther-
mal diffusion, gaseous diffusion, and the centrifuge, but
no serious work was done on the centrifuge method dur-
ing the war.  E. O. Lawrence had several cyclotrons at
Berkeley that could be converted into large mass spec-
trographs in a short time.  In spite of pessimistic views
concerning space-charge limitations, there was success-
ful separation within a short time and immediately after
Pearl Harbor a large-scale project was launched.

The apparatus to accomplish this separation was
called  the “calutron.”  The main elements consisted of
a vacuum chamber shaped in the form of a “D” in a
strong magnetic field.  A stainless steel charge box con-
taining UCl4, with a slit to allow escape of vapor, was
suspended at one side of the D.  The uranium vapor was
ionized in an arc and given a plus charge.  The uranium
ions were accelerated by a form of grid, entered the
magnetic field where the U235 and U238 beams separated,
and were collected at the 180-degree point.

The chemistry involved in the Electromagnetic
Project can best be described by dividing the discussion
in three phases.

1. The Berkeley phase, which furnished the calutron
development group with the charge material,
product retrieval, and recycle methods.

2. Oak Ridge research and production operations.

3. Post war applications of Y-12 chemistry devel-
oped during the war.

The Berkeley Phase

At first there was little thought given to the chemical
problems; and two professors, Martin Kamen (discov-
erer of C14) and F. A. Jenkins, handled the production
and purification of the charge material with the aid of a
small staff.  It was soon apparent that the chemistry ef-
fort needed expansion, and I was recruited from the
College of the Pacific to join the group.  E. O. Lawrence
had furnished me in the past with some radioactive tar-
get holders from the cyclotron, on which I did some re-
search using the classic Lauritson electroscope for in-
strumentation.  In addition he expressed some interest
in the fact that I was a licensed radio amateur and could
be useful in instrumentation.

Several chemistry problems, however, needed so-
lutions immediately.  First, it was necessary to devise a
process to produce UCl4 from the oxide.  Two processes
were successful.  When uranium trioxide is reduced by
hydrogen to the dioxide and reacted with carbon tetra-
chloride vapor at about 400o C, it produces uranium tet-
rachloride, a green hygroscopic crystal.  W. M. Latimer,
a professor of chemistry at California, devised this
method.   About this time we recruited Charles Kraus,
former president of the American Chemical Society and
professor of chemistry at Brown University.  At Brown
Kraus established a project with graduate students and
faculty to assist us in solving chemical problems.  His
expertise was of great value throughout the duration of
the project.  He immediately suggested another method
using a high- pressure reactor, which subjected uranium
oxide to carbon tetrachloride at elevated pressure and
temperature.  This reaction yielded uranium
pentachloride and phosgene.  The pentachloride was
converted to the tetrachloride by heating in an inert at-
mosphere.  The second process was better for large-scale
production.  Because UCl4 was very hygroscopic, it was
necessary to carry out all of its operations in a closed
“glove box” kept dry with phosphorus pentoxide.  If
there was contamination the product was purified by
vacuum distillation.  It was then transferred to the charge
bottles for use as feed material to be separated in the
calutrons.  One of the by-products of this process was
phosgene, and all of us used gas masks in handling the
material. The tragic accident in which Sam Rubin (co-
discoverer of C14) was killed in an experiment handling
phosgene reminded us of the hazards.  (His experiment
did not involve work on the Manhattan Project).  In spite
of extreme precautions there was one fatality at Oak
Ridge involving phosgene.  I was slightly exposed when
I was issued a gas mask that had already been used.
However, outside of a temporary shortness of breath, I
experienced no serious consequences.

My first task at Berkeley was to purify vapor-phase-
produced UCl4 by vacuum distillation.  When UCl5 was
produced by the liquid-phase method, the extra chlo-
rine atom could be removed by simple heating at ambi-
ent pressure to produce good quality product.  When I
tried an experiment with vacuum distillation at lower
temperature, a brown deposit collected on the cold fin-
ger in the apparatus.  Analysis of this brown deposit gave
an atomic ratio of Cl to U of almost 6/1, indicating a
formula of UC16.  It had been theorized that UF6 could
exist but that UC16 could not because of the size of the
chlorine atoms.  Martin Kamen recalculated the atomic
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sizes and concluded that uranium hexachloride could
exist and indeed we had discovered a new compound.
Unfortunately, this was an interesting discovery but it
had no immediate practical use.

Because of this preliminary work the production
and purification of UCl4 went into operation at Oak
Ridge without serious difficulty.  There was consider-
able research aimed at improving these methods, but
none reached the production phase except a slight modi-
fication of the reduction part of the vapor-phase pro-
duction process.  While hydrogen was a good reducing
agent, there was some hazard.  Kraus suggested that al-
cohol be used as a reducing agent, which proved very
satisfactory.

One of the projects at Berkeley was to develop a
method for recycling the enriched uranium from the first
stage of separation in the Alpha calutron plant to feed
the second stage in the Beta calutron plant continually.
A group under Martin Kamen developed a very sophis-
ticated method using oxidation-reduction steps, followed
by oxalate precipitation.  When used in the laboratory
this method worked well.  In actual production there
were grave deficiencies and poor yields, and the solu-
tion to these problems will be discussed in the Oak Ridge
section.

There was an amusing sidelight as a result of ex-
tremism of security regulations when the German book,
Gmelin Handbook of Chemistry, Uranium Volume, was
removed from the library.  It was an invaluable refer-
ence volume, and I managed to borrow a copy and pho-
tographed the entire volume.  Since this was before the
days of Xerox, I used a method known to graduate stu-
dents at California which did not need a camera.  Using
high-contrast photographic paper it is possible to obtain
copies using only a sheet of glass to insure contact of
the original and the copy paper.  In theory this should
not work but it gives excellent results.  This copy of
Gmelin was consulted almost every day of our investi-
gations.

One of the valuable references in Gmelin was the
description of the use of hydrogen peroxide to precipi-
tate uranium away from most of the rest of the periodic
table.  Unfortunately, hydrogen peroxide is catalytically
destroyed by traces of iron, which was universally
present.  It was frustrating to attempt to carry out the
precipitations only to see the contents of the beakers
boil over on to the lab desk.  We tried complexing re-
agents to sequester the iron but were unsuccessful

In my graduate work I had occasion to recover im-
portant biological compounds such as amino acids and
proteins from complex solutions.  Most of the purifica-
tion reactions denatured or destroyed the compounds
unless the reactions were carried out at low tempera-
tures.  It is common practice to construct cold rooms to
carry out such reactions.  When I tried refrigerating all
of the solutions and the reagents, the uranium peroxide
precipitation worked perfectly.  Since the oxalate method
was well under way, the refrigerated peroxide method
was not pursued until serious difficulties developed when
the oxalate method was tried on the Beta solutions at
Oak Ridge operations.

When we learned that the decision was made to go
into production at Oak Ridge in 1943, I proposed that
pilot plants for chemical operations be constructed and
operated so that bugs could be removed before the de-
sign of the operating equipment was finalized.  The pro-
posal was met with horror at that time.  The fact that we
were about to construct a production plant was consid-
ered “top secret.”  Construction of pilot plants was
thought to be unnecessary and compromise security.  I
was reprimanded for not being security conscious.  Fail-
ure to take this simple step had serious consequences,
which were apparent immediately on going  into opera-
tion at Oak Ridge

Because there were only a few grams of enriched
uranium reaching the receivers in each run, it was as-
sumed that the recovery of product from the receivers
would be quite simple.  In the experimental runs at Ber-
keley, enriched uranium was recovered from the receiv-
ers to determine the degree of enrichment, but little at-
tention was paid to the importance of material balance.
As mentioned above, this deficiency became serious
when the Oak Ridge plant went into operation.

Early in 1943 the Army contracted with Eastman
Kodak’s Eastman Division to operate the electromag-
netic plant in the Oak Ridge area, which for security
reasons was called the Y-12 plant. I and several others
transferred  to Eastman and in July 1943 we went to
Oak Ridge to assist in startup operations

Operations at Oak Ridge

By the end of 1943 there were over a thousand indi-
vidual Alpha units ready for operation. They were in-
stalled in large electromagnets wound with silver bars.
Over 400 million ounces of silver ultimately went into
the installation. Fort Knox furnished all of this silver,
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which was needed because of the shortage of copper.
Initially there was serious shorting of the electric cur-
rent powering the magnets because the construction
workers had neglected to clean up construction debris.
Pessimists despaired that the problem was insolvable,
but the units were cleaned up and operations started.
The receivers containing uranium enriched to 12-15
percent were sent to chemical operation for the recov-
ery of this valu-
able product.

As head of
the chemical
technical staff I
was to assist the
operating de-
partments in
training and
placing the
chemical pro-
cesses into op-
eration.  The
production of
charge material
went into opera-
tion with only
minor difficul-
ties.  The other
problems in-
volved with re-
covering and recycling the uranium used in the process
immediately began to give difficulties.

The first serious difficulty came to light when the
receivers, which contained the enriched product from
the first stage or Alpha operations, failed to yield the
predicted amount of enriched material.  When the re-
covered yield from the receivers totaled only about 50
percent of the predicted amount, the consequences were
potentially catastrophic.

It was quickly found that the uranium ions were
striking the stainless steel receivers with sufficient en-
ergy to penetrate into the stainless steel and therefore
could not be dissolved by nitric acid.  In theory the ura-
nium could by recovered by dissolving part of the re-
ceiver using aqua regia, but the receivers were compli-
cated, precision electronic devices which would be ex-
pensive and time consuming to replace.  During my
graduate work on the electrochemistry of biologically
important compounds, I had become familiar with many
applications of electrochemistry.  It was apparent to me

that the solution would be to electroplate a copper film
on the inside of the receiver, which could then be easily
dissolved by nitric acid without damaging the stainless
steel receiver.  The uranium could easily be recovered
by ether extraction from the copper nitrate solution and
soon the yield rose to nearly the predicted levels.  By a
stroke of good fortune, one of the engineers who was
assigned to my group had experience in operating a

meta l -p la t ing
plant and was
able to specify
immediately the
e q u i p m e n t
needed to carry
out the opera-
tion.  When E. O.
Lawrence asked
me how long it
would take to get
the process into
operation, I re-
plied that we
could do it in
about two
weeks.  In typi-
cal Lawrence
character, he
said, “I want
plated receivers
in operation to-

morrow.”  By working day and night we had the first
plated receivers ready in 36 hours.

The direct-current generators, bus bars, chemical
laboratory sinks, and instruments appeared almost by
magic.  Within a few weeks there was enough product
to feed into the second stage or Beta operation.  The
uranium, which was dissolved in nitric acid along with
the copper, was quantitatively separated by ether extrac-
tion and converted to pure uranium oxide.  In subse-
quent chemical operations, ether was replaced by other
solvents which had superior properties.  The product of
this operation (12-15 percent U235) was UO3, which was
converted to UCl4 and fed into the second stage (Beta
operation) and the enrichment raised to 80-90 percent,
which was suitable for the construction of a nuclear
weapon.  The product, after extensive purification, was
converted to UF4 and sent to Los Alamos to be con-
verted into metal and ultimately machined into bomb
parts.

Alpha I Racetrack.  The reason for the name is obvious.  The protruding ribs are
the silver-wound magnet coils.  The boxlike cover around the top contains the

solid-silver bus bar.
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As has already been pointed out, the Beta opera-
tion converted less than 10 percent of the UCl4 charge
which reached the receivers.  The rest of the material
had to be recovered from the calutron parts and recycled
a1ong with the feed from the Alpha product entering
the Beta cycle.  A process based on complicated oxalate
precipitation had been developed at the Berkeley lab to
process and purify this recycle material.  In theory it
should have worked well.  In actual practice there were
large quantities of impurities in the recycle stream which
interfered with complete precipitation and the recovery
was unacceptably low.

The enriched material from the Alpha receivers
being fed into the Beta cycle was described by Lawrence
as priceless.  Based on the costs incurred, its value was
more than $100/g.  No effort was too extreme to re-
cover every gram.  During the Beta recycle this valu-
able material was scattered over the stainless steel lin-
ers, graphite parts, filaments, and other components.  In
the chemical process it was necessary to minimize
holdup in the process equipment.  Since only 5 to 10%
of the beam ever reached the receivers, it was essential
that the recycle time be held to a minimum.

The oxalate process was time consuming and ex-
acerbated the problem.  As described above, the basic
chemistry for the alternate refrigerated peroxide process
had already been worked out while I was at Berkeley.
At a conference with Eastman officials, Lawrence,
Baxter of the British group, and Kraus, it was decided
to scrap the oxalate process and convert the Beta chemi-
cal recovery process to the refrigerated peroxide pro-
cess.

Fortunately, uranium can be selectively precipitated
by hydrogen peroxide from almost all of the elements
in the periodic table, which conceivably could contami-
nate the product.  Unfortunately, peroxides decompose
violently in the presence of iron impurities, which were
the most common impurity in the solutions.  As men-
tioned above, I had encountered instability problems in
isolating compounds which were unstable at room tem-
perature.  Biochemists usually solved this problem by
refrigerating the operations.  When this principle was
tried out on the impure uranium solutions, the uranium
precipitated quantitatively as the peroxide.  While this
precipitate was difficult to filter, the separation was easily
carried out by centrifugation.  Fortunately, the equip-
ment to carry out this operation was standard chemical
process equipment.

The Army priority organization located the equip-
ment and flew in the parts necessary for operation, and
very soon the product stream was in operation.  It is
important to note that our small technical staff needed
expansion and the Army organized a Special Engineer
Detachment (S.E.D.) consisting of trained scientists and
engineers.  The Army furnished about 100 chemists and
chemical engineers with outstanding training and expe-
rience, and these men put the refrigerated peroxide pro-
cess into operation with speed and skill.

The fact that most of the enriched uranium was pre-
cipitated and separated in the first step was vital to speed-
ing up the recycle process.  When it was assured that
the process was successfully operational, F. R. Conklin,
the plant superintendent, dubbed it the Larson process
and had the equipment labeled accordingly

As the production from the Alpha and Beta calutrons
reached full volume, the chemical operations began to
produce kilogram quantities of enriched uranium.  Los
Alamos received enough material to determine the criti-
cal mass under various conditions.  One piece of vital
information was the critical mass of uranium in water
solutions.  This proved to be much smaller than expected
and immediately raised the possibility of a catastrophic
chain reaction in the chemical processing.  R. Feynman
visited Oak Ridge and confirmed that there was immi-
nent danger that such an event could occur.  Immediate
steps were taken to insure that operations were carried
out to avoid this possibility.  It is ironic that this possi-
bility was avoided during the war, but super-criticality
did occur several years later and several workers were
exposed to more than a hundred thousand millirems of
radiation.  Fortunately, there were no short- or long-term
health effects.

About the early summer of 1944, additional im-
proved-design calutrons were placed in operation, which
greatly increased the production available for the Beta
cycle.  This, along with the greatly improved Beta chemi-
cal operations, insured that the objective date of July,
1945 would be met.

At the height of operations there were more than a
thousand calutron units running, each requiring indi-
vidual treatment.  In order to minimize losses, dozens
of side streams were monitored; and recovery opera-
tions were set up to return the uranium to the main
stream.  Over five thousand employees were involved
in these chemical operations.  As July, 1945 approached,
every bit of uranium from all parts of the process was
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sent to Los Alamos for fabrication into the Hiroshima
bomb.  Lawrence’s goal of 40 kilograms by July, 1945
was met.  On August 5, 1945,we knew that all doubts
were resolved.

By late 1945 the thermal diffusion plant and the
Alpha calutrons were unnecessary because the K-25
gaseous diffusion plant began to deliver 10-15 % en-
riched uranium to the Beta calutron units, and the oper-
ating and support groups associated with these opera-
tions were reduced in force.  A year later the gaseous
diffusion plants began to deliver 90 - enriched material,
and Beta calutron production ceased.  At this time all of
the technical staff and research and development pro-
grams were consolidated, and I was appointed director
of research and development.

The research and development group had been dras-
tically reduced in force and needed new challenges.
Improved chemical operations were needed to convert
the uranium hexafluoride from the gaseous diffusion
plant to UF4 for delivery to Los Alamos.  Shortly after-
wards, the Atomic Energy Commission asked that the
enriched uranium be delivered as the metal.  The ura-
nium metal production process developed by F. H.
Spedding was scaled up and installed in a specially se-
cure building.  Shortly after this we were asked to de-
velop facilities to begin machining of weapons parts.

To find new challenges for research and develop-
ment, I called a meeting of the group leaders, and in a
brainstorming session came up with a list of potential
projects which could make a contribution to future needs
of the newly formed Atomic Energy Commission.  The
following is a list of those projects discussed in the meet-
ing.

1. Separation of isotopes by chemical exchange
methods.  Candidates for these included ura-
nium and lithium isotopes.

2. Recovery of uranium from low-grade ores.

3. Refinement of equipment and methods for
counter-current extraction.

4. Special chemical separation methods and devel-
opment of analytical methods.

5. Stable isotope separation in the calutron units.
Ultimately this project led to separation of most
of the isotopes in the periodic table.

Isotope Separation by Chemical Exchange

Before the discovery of artificial radioisotopes in the
early 1930s, the isotopes of hydrogen, nitrogen, oxy-
gen, and carbon were separated and used in tracer ex-
periments.  One of the first uses of separated stable iso-
topes was M. L. E. Oliphant’s use of heavy hydrogen in
an accelerator to discover the fusion reaction in 1935.
It was tempting to explore the possibility of separating
the uranium isotopes by this method.  Glen Clewett of
our group organized a small team to investigate this
possibility.  A system based on an exchange between
solutions of uranium in the plus four and plus six state
showed some promise, but further work demonstrated
that it was extremely unlikely that it would compete with
gaseous diffusion.  The effort was dropped and Clewett
concentrated on developing a process for lithium iso-
tope separation

In the case of lithium, the Li6 isotope has a high
cross section and the Li7 isotope has a very low cross
section.  It is possible therefore that Li7 might have use
in nuclear reactors as a coolant.  Later it was used in the
experimental molten salt breeder in the form of its fluo-
ride salt.  The system first investigated was based on the
chemical exchange between lithium as a metal amal-
gam with mercury in contact with a water solution of
lithium hydroxide.  The Li6 was preferentially concen-
trated to a slight degree in the aqueous phase.  By re-
peating this several hundred times in a cascade type of
operation, it is possible to purify both isotopes.  Since
the lithium amalgam is unstable in contact with water, it
was necessary to apply a reverse voltage to prevent re-
action.  Because of the necessity to maintain electric
contact with the mercury phase, the “mixer-settler” cas-
cade type of operation was used.  This process was
dubbed the Elex Process.

Shortly after initial operation, Forest Waldrop, who
had worked on the refrigerated cold peroxide Beta pro-
cess, suggested that the instability of the amalgam sys-
tem could be controlled by refrigerating the reaction.
This proved to be almost instantly successful and was
used to produce almost all of the Li7 and Li6 isotopes
needed for the AEC programs.  Waldrop and John
Googin designed a refrigerated cascade column to carry
out the process.  It was named the “Colex Process.”

The requirements for mercury were enormous.
Most of the world production was required for several
years.  Because of the poisonous nature of mercury, ex-
treme precautions were taken to protect the health of
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the workers.  As a result of these precautions there were
no cases of health effects during the entire operation.

According to
recently declassi-
fied documents,
the Soviets used
calutrons to ob-
tain separated iso-
topes for their ini-
tial requirements
for Li 6.  Since
most of the pro-
duction of lithium
in the United
States was chan-
neled through the
Y-12 process
plant, most of the
lithium available
in this country no
longer had the
original atomic
weight.  The re-
quirements for
Li 6 were so great that the reject stream was able to sup-
ply all domestic needs.  One strange incident involved
the clandestine purchase by a foreign country of our
lithium with the intention of extracting the Li6 .  Imag-
ine the surprise the purchasers felt when they found their
desired isotope had been stripped away.

If the United States had found it necessary to use
calutrons for this separation, it might have cost billions
more than the actual experience.

Extraction of Uranium from Low Grade
Ores

The second area that required research and development
was the extraction of uranium from low-grade ores.  Be-
fore World War II there were several mines with rich
deposits.  Some contained over 50 % uranium.  At the
end of the war all of these mines were exhausted, and
within a few years most mines were operating with con-
centrations below 1%.  If the nuclear energy enterprise
were to survive, it was necessary to find an economical
method to extract purified uranium from low-grade ores.
A group of chemists investigated chemical methods to
make the extraction more efficient.  One of the largest
deposits is Tennessee shale, which contains enough ura-
nium to last 100,000 years.  While the group was able to

obtain weighable quantities of uranium, it was obvious
that it was not economical to do so.  During the investi-
gations there were chemical reagents discovered which

were highly se-
lective.

C h a r l e s
Coleman inves-
tigated high-
m o l e c u l a r -
weight amines
and phosphates
and developed
practical meth-
ods for their use
at the mines.
Processes based
on amine ex-
traction are
used today in
more than 50 %
of the uranium
production in
the world.  The
group leader of

this effort, Keith Brown, was awarded the American
Mining Congress medal for this work

Special Chemical Separation Methods

Nuclear reactors required materials with properties never
before encountered in the industrial world.  One such
requirement was posed by the nuclear submarine reac-
tor.  In the operation of the original reactors at Hanford
it was sufficient to protect the uranium from the corro-
sive effect of water with a cladding of aluminum.  In the
case of the pressurized water reactor, which operated at
higher temperatures, the aluminum failed.  It was nec-
essary to obtain a new metal with a low cross section
and low corrosion rate.  The zirconium available in com-
merce was satisfactory but had a high cross section.
When Herbert Pomerance learned of this problem, he
was puzzled because zirconium should not have a high
cross section.  It turned out that all of the commercially
available zirconium was contaminated by hafnium,
which proved to have a very high cross section.  When
the hafnium was removed, zirconium proved to be a very
satisfactory metal from all standpoints.

The materials section of the Atomic Energy Com-
mission instituted a nationwide search for a process to
accomplish the separation.  Over twenty research con-

Beta Racetrack.  Compare with the Alpha I racetrack, noting the
rectilinear arrangement and the smaller scale of the equipment.
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tracts were let to develop a method.  Warren Grimes
and his Y-12 group set out to investigate the applicabil-
ity of solvent extraction methods to accomplish this task.
The thiocyanate complex of these two atoms proved to
be the key to the separation when used with methyl
isobutyl ketone (MIBK) in a counter-current extraction
apparatus.  When I asked Grimes why he chose MIBK,
he replied that it happened to be the first bottle in a row
of extractants above his lab bench!  At any rate, the pro-
cess was successful and when put into production fur-
nished all of the hafnium-free zirconium for the first
nuclear submarines.

The final step in the process involved the precipi-
tation by phthalate or salicylate, which easily converted
zirconium to the oxide.  The operation was transferred
from the laboratory bench to tonnage amounts by the Y-
12 production staff under John Googan.  It is interesting
to note that, not only did the original fractional crystal-
lization process fail, but also none of the twenty con-
tracts ever delivered a successful process.

Calutron-separated Stable Isotopes

In 1947 E. P. Wigner wrote the Atomic Energy Com-
mission requesting that he and some of his staff meet
with the Y-12 group concerning the possibility that the
Beta experimental group might undertake to supply
stable isotopes as required for physics experiments.  We
were very happy to explore this use of the Beta calutrons
for this purpose.  Following a meeting with Wigner we
set up a group to develop sources and receivers to ac-
complish this task.  Chris Ceim was the group leader,
and soon several stable isotopes were available to the
physics research community.  Lee Haworth, director of
Brookhaven National Laboratory, visited the stable iso-
tope group early in its operation, and several stable iso-
topes were produced for his program.  Several hundred
grams of calutron-produced Li6 were sent to Los Alamos
for their early work on the thermonuclear program.  This
effort occurred before the chemical exchange process
was developed.

The stable isotope program required that each ele-
ment be synthesized in a form that could be placed in a
charge bottle and vaporized under controlled conditions.
Eventually nearly all of the elements of the periodic table
were separated to collect the desired isotope.  It was
necessary not only to work out the complicated chemis-
try for the charge but also to develop the recovery chem-
istry.

Ultimately thousands of physics experiments were
carried out and published.  Practically none of these
experiments would have been possible without the stable
isotope program.  As the program grew in scope, it found
many applications in industrial research, medical re-
search and treatment, and many other scientific fields.

In 1948 I was appointed superintendent of the elec-
tromagnetic plant in charge of all operations.  During
that time several of the above research and development
projects reached the production stage, and the Y-12 plant
began to become a versatile production facility for AEC
operations.  In addition to starting fabrication of weap-
ons parts, the plant furnished purified zirconium for the
Nautilus submarine and Li6 for the thermonuclear pro-
gram.  An interesting operation was the retrieval of the
silver from the calutrons so that it could be returned to
Fort Knox.  With the increase in price of silver over the
years, the value of the calutron silver was now over two
billion dollars.  It was a great relief to learn that there
was no loss in the entire operation.  During the opera-
tion I viewed silver valued at $100 million, all in one
stack of bars.

In 1950 I became director of Oak Ridge National
Laboratory, and all of the Y-12 research and develop-
ment became a part of the Oak Ridge National Labora-
tory administration under Research Director A. M.
Weinberg.

REFERENCES AND NOTES

* Over the past fifty years many books and articles have
told the story of the Manhattan Project that produced
the atomic bomb during World War II.  Most of these
works focused on the physics involved and the extraor-
dinary efforts needed to design, build, and operate the
mammoth production plants and laboratories required
to create a nuclear weapon.  Relatively little was writ-
ten, however, about the hundreds of supporting projects
in scientific research and industrial engineering that
underlay the wartime effort.  One of the projects ne-
glected in these accounts was the history of the electro-
magnetic plant built in the Y-12 area at Oak Ridge to
produce uranium 235, and buried even deeper in the
record were the efforts of chemists to isolate and extract
the final product.

Clarence E. Larson, who had been involved in the
electromagnetic project from its inception at Berkeley
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through its successful operation at Oak Ridge, decided
in the last years of his life to write a paper that would
describe the key accomplishments of chemists in the
project, both during and after the war.  He wrote his
paper in 1996 and submitted a copy to the Department
of Energy for classification review.  Soon thereafter
Larson became ill and died in 1999.  In the summer of
2003 Jane Warren Larson, his widow, received word that
the Department of Energy had determined that the pa-
per was unclassified.  She then asked me, as the former
chief historian of the U. S. Atomic Energy Commission,
to read the paper and determine whether it should be
published.  I had no trouble concluding that the paper
was a significant historical document, and I submitted
an edited version of the paper to the Bulletin.

The draft article as returned to Mrs. Larson by the
Department of Energy required some editing.  Several
references to other publications had to be completed and
the full names of some of the participants obtained.   I
also found it necessary to do some copy-editing and to
add a few words and phrases to clarify meanings.  In
one instance I reordered two paragraphs to smooth the
flow of the narrative.  I have also incorporated a few
small revisions suggested by the reviewer of the article
for the Bulletin.  Except for these minor changes and
additions, the article appears as Dr. Larson wrote it.  It
has been a great pleasure for me as his friend and former

associate to assist in publication of this important work.
Richard G. Hewlett, Consulting Historian, 7909
Deepwell Drive, Bethesda, MD 20817-1927.
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These days we take for granted that scientific organiza-
tions are open to both men and women, but this was not
always the case (1).  It is hard to realize that the admis-
sion of women chemists to chemical organizations was
once a contentious issue.  For example, in 1880, the
American Chemical Society even held a formal Misogy-
nist Dinner (2).

During the nineteenth and early twentieth centu-
ries in the United Kingdom, there were many organiza-
tions that catered to the professional and social needs of
chemists, the two aspects overlapping in the male club
culture of the time (3).  Each society treated the prob-
lem of the admission of women in a different way.  In
this essay, we will focus particularly on the lives of the
British women who led the fight for professional accep-
tance.  We will see that the paths of many of these women
intersected and that, in fact, there must have been net-
working among them.  The saga begins with the Lon-
don Chemical Society.

The London Chemical Society

Events started promisingly for women.  The London
Chemical Society seemed to take pleasure in noting that
women had participated in its events.  At a pre-inaugu-
ral lecture of  October 7, 1824, it was reported that (4):

Several ladies were present, taking a warm interest
in all that was said, encouraging the lecturer by their
smiles, and ensuring order and decorum by their pres-
ence.

POUNDING ON THE DOORS:  THE FIGHT
FOR ACCEPTANCE OF BRITISH WOMEN
CHEMISTS

Marelene F. Rayner-Canham and Geoffrey W. Rayner-Canham, Sir Wilfred
Grenfell College

At the subsequent inaugural lecture, it was mentioned
that among the 300 persons attending, there were “a great
many ladies.”  The address was given by Dr. Birkbeck,
who specifically welcomed the participation of women
(5):

It may not be out of place here to state, that chemis-
try is not only intended to be confined to learned men
but not even to men exclusively.  Hitherto, ladies have
conferred the honour of their presence upon all our
public proceedings; and we are extremely desirous,
although it is not consistent with the present consti-
tution of the Society, that they should hereafter be-
come participators also, as members.

Birkbeck continued by pointing out the contributions
from the late eighteenth century of the British woman
chemist Elizabeth Fulhame (6) and of Jane Marcet (7),
the author of a famous chemistry textbook.  It is not
noted whether the society did, in fact, change its consti-
tution to allow women to be formally admitted.  Unfor-
tunately, the London Chemical Society ceased to exist
shortly afterwards.

Society for Analytical Chemistry

Women gained admittance to the Society for Public
Analysts (later called the Society for Analytical Chem-
istry) without any problem.  In 1879, five years after the
founding of the organization, the comment was made in
the society journal, The Analyst, that (8):

We are liberal enough to say that we would welcome
to our ranks any lady who had the courage to brave
several years’ training in a laboratory ….
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However, we were unable to find any evidence of women
members in the 19th century.  It was not until the 1920s
that significant numbers of women started to join the
society as a result of their entry into analytical positions
in industry and government (9).

The Royal Institute of Chemistry

The entry of women into the Institute of Chemistry (later
the Royal Institute of Chemistry) can best be regarded
as accidental.  The institute had been founded in 1877
and the successful sitting of an examination was a pre-
requisite for admission.  In November 1888, the Coun-
cil recorded a minute noting that they did not contem-
plate the admission of women candidates to the exami-
nations (10).  Nevertheless, it was only four years later
that Emily Lloyd became the first woman Associate.

Emily Jane Lloyd (11) had applied to sit the
Associateship examination in 1892.  Probably through
oversight, she was permitted to sit the examination,
which she duly passed.  Having sat and passed the exam,
the institute had no means of denying her admission.
And once one woman had been admitted, there was no
feasible route of barring subsequent women applicants.
Having gained her associateship, Lloyd applied to the
institute to take the required examination to qualify as a
public analyst.  Lacking any excuse to refuse her, the
institute admitted her to that examination, which she also
passed.

The first woman fellow was to follow almost im-
mediately after Lloyd.  This was Lucy Everest Boole,
one of five children (all daughters) of the famous math-
ematician, George Boole (12).  However, it was not un-
til after World War I that women started to enter the
institute on a steady basis.  The numbers of women fel-
lows and associates rose from 5 in 1914 to 49 in 1918 to
167 in 1927 (13).

The Pharmaceutical Society

From its foundation in 1841, the Pharmaceutical Soci-
ety permitted women to take its examinations–but not
attend classes or laboratories (14).  Nevertheless, women
did pass the exams and become practicing pharmaceu-
tical chemists.  It was Membership of the Pharmaceuti-
cal Society that presented the challenge.  Most of the
members saw the society as a male club.  The first
woman to apply was Elizabeth Leech, an experienced
pharmacist.  Her application in 1869 was rejected by a
majority of members.

If the membership thought that the issue was now
put to rest, the election of Manchester resident Robert
Hampson and two of his friends to the conservative
London-based Council of the Society was to change their
view.  Hampson was a progressive on many issues but
especially that of the admission of women, a cause that
he pursued with vigor.  He argued that it was the duty of
the society to elect all qualified persons, irrespective of
gender.  The battle for women’s membership was fought
between 1875 and 1879.  Each year Hampson raised the
matter at the annual meeting and each time the matter
was referred back to the council.  Finally, in 1878, the
following motion was debated (14):

That in the opinion of this meeting it is not consid-
ered either necessary or desirable that ladies should
be admitted as members, associates, apprentices or
students of this Society.

It was initially announced that the motion had passed
by a vote of 59 to 57, but two days later it was discov-
ered that a mistake had been made in the count and that
the motion had failed by 57 to 59.

Emboldened by the failure of the motion, Hampson
moved that Isabella Skinner Clarke, who had applied
for membership, should be elected.  However, his ef-
forts were unsuccessful with a tie vote resulting in the
chair’s casting the deciding vote against her admission.
At the annual meeting in 1879, the matter of women’s
admission was again raised and subsequently rejected
by a narrow margin.  Later in the year, the indefatigable
Mr. Hampson again moved the election of Clarke, to-
gether with that of another pharmaceutical chemist, Rose
Coombes Minshull.  This time his efforts were success-
ful and the motion passed.  With their election, the ac-
ceptance of women became an irreversible fact.

The election of Clarke and Minshull had a domino
effect on the admission to the society’s School of Phar-
macy.  Women were soon admitted to the practical
classes and were at last allowed to compete for the
school’s medals and prizes for outstanding performance.
In 1887, the second woman to receive an award for ex-
cellence from the society was Lucy Boole (15).

Pharmacy became a popular career choice for
women chemists, though having a formal qualification
did not end the prejudice against women.  The few male
pharmacy owners who would accept women employ-
ees rarely allowed them to serve at the counter, for dis-
pensing was perceived as requiring a competent male
figure.  Women pharmacists were usually paid signifi-
cantly less than their male counterparts.  It was as a re-
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sult of the continuing barriers against women that an-
other of the pioneers, Margaret Buchanan, and some of
her friends organized the Association of Women Phar-
macists with Isabella Clarke becoming the first presi-
dent.  This organization continues to the present day as
a voice for women in the profession of pharmacy.

University Chemical Societies: Oxford versus
Cambridge

Each university had its own chemical society, and the
society attitudes toward women members differed con-
siderably from university to university.  At Oxford Uni-
versity, the chemical society was known as the Alembic
Club.  It was divided into a Senior Club for graduates
and faculty, and a Junior Club for undergraduates.  Both
clubs held occasional open meetings, but in addition
weekly members-only seminars.  These seminars were
a focus of the life of the chemistry department.  In 1932,
the fourth year of her undergraduate tenure, Dorothy
Hodgkin discovered the existence of these meetings and
that she, being a woman, was excluded from them (16).
This particularly rankled her when her supervisor pre-
sented her own research to a meeting from which she
was barred.

The situation was no better when Hodgkin returned
to Oxford as a fellow and tutor.  The Senior Alembic
Club ignored her existence.  On one occasion, she ar-
rived early for an open session of the club and entered
the room while the closed session was still in progress.
One of the members lifted her off the ground and bodily
ejected her from the room.  It was not until 1950 that the
club voted to admit women as members.

By contrast, the Chemical Club of Cambridge Uni-
versity (17) seemed to have accepted women members
without comment.  In fact, two of them, Ida Freund (18)
and M. Beatrice Thomas (19), presented research pa-
pers at a meeting in 1904.  It is not surprising that they
were welcomed as speakers, for these two women were
influential figures in chemistry in their respective Cam-
bridge women’s colleges of Newnham and Girton.

The Liverpool University Chemical Society

Though few detailed records of student chemical soci-
eties seem to have survived, those at Liverpool Univer-
sity (L.U.) provide a glimpse of the effect of the arrival
of women chemistry students on the male student cul-
ture.  The L.U. Chemical Society was founded in 1892

(20), and the social life of the society focussed on the
men-only annual dinner and annual kneipe (beer party).
The latter event was an evening spent in drinking beer,
smoking, singing songs, and telling stories.

In 1902 the L.U. women chemists petitioned to join
the society.  The petition was rejected, and women were
officially barred from membership.  In response, the
women promptly organized their own Women’s Chemi-
cal Society.  The admission of women to the L.U. Chemi-
cal Society was raised in a subsequent year (probably
1908), but again without success.  It was not until 1912
that women were finally admitted, and a society dance
was instituted.  In 1914, members heard their first woman
speaker, Dorothy Baylis, one of the graduating class.
The same year, the men-only kneipe was dropped and a
(presumably co-educational) smoking concert took its
place.  For those males who still abhorred the presence
of women, there was the refuge of the Research Men’s
Club (21).

Membership did not result in equality for women.
The woman author of a cutting letter to the L.U. Chem.
Soc. Magazine in 1922 commented (22):

Lady Chemists are overwhelmed by the extreme cour-
tesy paid to them at Chem. Soc. teas.  To the Victo-
rian male mind, they still serve as Hewers of Bread
and Drawers of Tea.

In 1928, the L.U. Chem. Soc. Magazine carried an ar-
ticle on “Women and Chemistry.”  In it, the anonymous
author commented that (23):

I often wonder why women take up chemistry.  Can
it be that they imagine they will become chemists?  I
shudder at the thought. … Women in the right setting
are delightful creatures.  A chemistry laboratory is
not the right setting.  A woman in a lab is as incon-
gruous as a man at an afternoon tea party. … If it is
impossible to have a special “female” lab, then let
the flapper vote give England a women’s University.

This article provoked an immediate response from a
woman chemistry student, defending the presence of
women in chemistry (24):

Life at a University offers many attractions, not the
least of which is, that should she find after many years
that she is a superfluous woman she will always have
a university training, and perhaps a degree, which
are useful sorts of things to have when one is think-
ing of earning one’s living. …. Besides, Chemistry
offers so many more possibilities than Arts.  Engi-
neering would, of course, be the ideal faculty for this
attractive woman, but–it simply isn’t done!!
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In the closing remarks, she referred to men “… who
would label their doors ‘No Admittance to Women.’”

Though the previous writer seemed to accept that a
degree was a “back-up plan” in the event of failure to
marry, the next issue carried a rebuttal with a more
strongly feminist stance (25):

The author [of the attack on women chemists] seems
to forget that we are now living in the 20th century,
when that which used to be a “man’s job” is a man’s
job no longer.  In almost every occupation women
are equalling [sic] and have equalled [sic]  men. …
He evidently does not know that darning socks and
rocking cradles went out with crinolines. …

Then, however, the author realistically adds:

Women and men meet on equal terms and work on
equal terms.  At night, the man goes home to be waited
on, while a woman goes home to do a “woman’s job.”

This third contribution seemed to end the correspon-
dence, but the exchange clearly indicates the degree of
hostility facing women students from some of their male
chemistry colleagues.

The Biochemical Society

The Biochemical Club, as it was first called, was founded
in 1911. At the first meeting the second item on the
agenda concerned the admission of women (26).  A let-
ter had been received from “a lady” (probably Ida
Smedley) requesting permission to become a charter
member.  An amendment was therefore proposed to the
rules that only men were eligible for membership.  The
amendment passed by a vote of 17 to 9.  This vote was
challenged; and at a committee meeting the following
year, the club reversed its position, voting by 24 to 7
that women be admitted.  In 1913, the club held its first
meeting to elect new members and of the seven admit-
ted, three were women: Ida Smedley (27), Harriette
Chick (28), and Muriel Wheldale (29).  Fourteen years
later, Smedley became the first woman chairman of the
club.

The Chemical Society

The Chemical Society was founded in 1841, but it was
not until 1880 that the question was raised of the admis-
sion of women.  This convoluted saga, which has been
described in detail by Mason (30), lasted 40 years.  In
the initial discussion legal opinion was given that, un-
der the charter of the society, women were admissible
as fellows.  However, a motion was defeated that pro-

posed a clarification in the by-laws, so that any refer-
ence to the masculine gender should be assumed to in-
clude the feminine gender.  A similar proposal in 1888
was also rejected.

The first attempt by a woman (possibly Emily Lloyd
or Lucy Boole) to enter the society occurred in Novem-
ber 1892.  The long controversy started innocuously, as
the Minutes of the Council meetings describe (31):

The Secretary having read a letter from Prof. Hartley
suggesting the election of a lady as Associate, Prof.
Ramsay gave notice that he would move that women
be admitted Fellows of the Society.

William Ramsay was one of the most consistent sup-
porters of the admission of women.  He practiced what
he preached, taking on a significant number of women
research students (32).  His outspoken foe on this issue
was Henry Armstrong, who viewed the Chemical Soci-
ety as a male preserve.  His opposition to women mem-
bers stemmed from his belief that women should be
home producing future generations of chemists (33):

If there be any truth in the doctrine of hereditary ge-
nius, the very women who have shown their ability
as chemists should be withdrawn from the tempta-
tion to become absorbed in the work, for fear of sac-
rificing their womanhood; they are those who should
be regarded as chosen people, as destined to be the
mothers of future chemists of ability.

He fostered this philosophy by organizing a Chemical
Club, along the lines of a traditional men’s club,  which
the councilors of the Chemical Society were invited to
attend (34).

Ramsay’s motion came to a vote the following Janu-
ary.  An amendment was proposed that it was not desir-
able at that time to amend the by-laws for the purpose
of admitting women.  The amendment was defeated by
7 to 6; then, curiously, the motion itself was defeated by
a margin of 8 to 7.  The Secretary commented (31):

… the general feeling being that although there was
no objection in principle to the admission of women
as Fellows, the case in their favour was not entirely
established.

So things remained until 1904, when Marie Curie’s name
was put forward for election as a foreign fellow (30).
At the following meeting (30), discussion of her candi-
dacy resulted in a motion once again to request the opin-
ion of legal council on the eligibility of women for ad-
mission as ordinary fellows and foreign members.  Pre-
sumably the opinion of 24 years earlier had been for-
gotten, or it was hoped that a new counsel would offer a
different opinion.  This was, in fact, the case.  The new
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counsel argued that women could be elected as foreign
members without difficulty, but that the election of Brit-
ish women would require a supplemental charter for the
society.  However, counsel expected that such a supple-
mental charter would be granted, once approved by the
society (30).  Curie was duly elected; and, emboldened
by Curie’s success, 19 women appended their names to
a petition for admission of women to fellowship (35).
In this appeal, the petition authors noted the increasing
contributions of women chemists and the willingness
of the Chemical Society to publish their results.

The 1904 Women Petitioners

It is the identity of these 19 women, and the factors that
they had in common, that we found most interesting.
What common bonds did these women have that brought
them into contact over this issue?  There must have been
extensive communication in order to produce the signed
petition.  The research to find the links necessitated vis-
its to many archives.  Some of the individuals left very
clear trails of their life and work.  In fact, a few became
quite well known in their respective fields.  Others had
contributed briefly to the chemical progress of their
times, authored some papers, and then vanished with-
out a trace.  Nevertheless, we were able, with some de-
gree of confidence, to deduce how most of their paths
crossed.

The first introduction of each petitioner’s name will
be in bold and we will provide a brief synopsis of the
movements of each one up to the 1904 petition.  In this
way the reader can appreciate how most of the women
moved back and forth between a small number of insti-
tutions, meeting other women chemists in the process.
We contend it was through this building of networks
between women chemists that the 19 petitioners became
acquainted.

First, there seem to have been two leading figures
in the endeavor, the biochemist, Ida Smedley (Mrs.
Maclean) and the organic chemist, Martha Annie
Whiteley.  Smedley, mentioned earlier in the context of
the Biochemical Club, had attended King Edward VI
(KEVI) High School for Girls in Birmingham before
proceeding to Newnham College, Cambridge, where she
completed the degree requirements in 1899 (though
women were not formally granted undergraduate degrees
at Cambridge until 1948 (36)).  She then became a re-
search student with Henry Armstrong at the Central
Technical College, London (later part of Imperial Col-
lege).  It is interesting that Armstrong, who believed so

strongly in women’s “traditional roles,” should have
taken on such an outspoken advocate of women’s rights.
Smedley spent 1903 back at Newnham and then in 1904,
the petition year, took up a research position at the Royal
Institution, London.

Smedley’s longtime friend, Martha Whiteley (37),
graduated from the Royal Holloway College, one of the
two women’s colleges of London University, with a de-
gree in chemistry in 1890.  During the 1898-1902 pe-
riod, she was undertaking research at the Royal College
of Science, London (later part of Imperial College).  It
is during this time that Whiteley and Smedley almost
certainly met.  In 1903 Whiteley was invited to join the
staff of Imperial College.  She, too, was a strong advo-
cate for women chemists, persuading Professor Thorpe
to set aside two to three places in his research labora-
tory specifically for women (38).

King Edward VI High School

As mentioned above, Smedley had attended the KEVI
High School in Birmingham.  It is amazing how many
women chemists and biochemists were trained at this
one school (39).  In the context of the petition, we know
that Smedley had become friends with the petitioner,
M. Beatrice Thomas (19)—one of the first women
speakers to the Cambridge Chemical Club—during their
time together at KEVI.  Thomas, like Smedley, pro-
ceeded to Newnham College.  Following graduation in
1898, she was a demonstrator in chemistry at the Royal
Holloway College for two years and then held a schol-
arship at the University of Birmingham for the follow-
ing year.  From 1902 to 1906, she was a demonstrator in
chemistry at Girton College of Cambridge University.

Hilda Jane Hartle (40), another petitioner, was also
a contemporary of Thomas and Smedley at KEVI.  Af-
ter graduating from Newnham College, she became a
researcher with Percy Frankland at the University of
Birmingham from 1901 to 1903.  In 1903 she returned
to the city of Cambridge, having been appointed lec-
turer at Homerton College.

Newnham College

Newnham College, the “science” women’s college of
Cambridge University, provides a second node among
the petitioners. Smedley, Thomas, and Hartle were there
about the same time.  Another signatory from Cambridge
was Ida Freund, the other pioneering woman speaker
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at the Chemistry Club at Cambridge University.  Freund
was a demonstrator, then a lecturer, in chemistry at
Newnham from 1887 through 1912 (19), so she would
have been a mentor to all of the petitioners who passed
through the gates of Newnham.

Elizabeth Eleanor Field (32) graduated from
Newnham in 1888 and then stayed on at least two more
years as a research student.  After teaching for two years
at the Liverpool School for Girls, she held the post of
Lecturer and Head of Chemistry at the Royal Holloway
College from 1895 to 1913.

Dorothy Blanche Louisa Marshall (32) arrived
at Cambridge in 1896.  Following a one-year
demonstratorship at Newnham College, she held an ap-
pointment as lecturer at Girton College until 1906.  When
she first took up her post at Girton College, Thomas
was initially an assistant demonstrator with Marshall.
Marshall had gained her undergraduate degree at
Bedford College, the other women’s college of the Uni-
versity of London.  Following her graduation in 1891,
she undertook research, part of which was supervised
by Sir William Ramsay.

Mildred May Gostling  (32) was yet another peti-
tioner who spent time at Newnham, in her case, the 1899-
1900 year as a research student.  Gostling, daughter of
the chemist George James Gostling, obtained her de-
gree from the Royal Holloway College in 1897 where
she had almost certainly been taught by Field.  In 1901
she returned to the Royal Holloway College to take up
the position of demonstrator, resigning from her posi-
tion in 1903 when she married the chemist William
Hobson Mills.

Royal Holloway College

The third node seems to have been the Royal Holloway
College (RHC).  Of those already mentioned, Thomas,
Field, Whiteley, and Gostling spent time there.  In addi-
tion, there were two other petitioners from the RHC:
Margaret Seward (Mrs. McKillop) and Sibyl Taite
Widdows.

 Seward (32), the only petitioner to have taken her
undergraduate studies at Oxford, was Lecturer in Chem-
istry at the RHC from 1887 until her marriage to John
McKillop in 1891.  She resumed academic life in 1896,
taking a position in the Women’s Department of King’s
College, of London University.  She may have retained
links with the women at the RHC or alternatively, she

may have developed friendships with women chemists
of Ramsay’s group at nearby University College (see
below).

Widdows (41) had several links with the other pe-
titioners.  She graduated from RHC about 1900, then
became a demonstrator in chemistry at the London
School of Medicine for Women.  During her time at the
school she published numerous research papers.  Of
particular note, the second of her publications was co-
authored with Mills, spouse of Gostling, and the third
with Smedley, providing clear evidence of links with
these two individuals.

The Ladies’ College, Cheltenham

Two signatories, Clare de Brereton Evans and
Millicent Taylor , obtained external (London) degrees
from the Ladies’ College, Cheltenham; and their times
at the college overlapped.  Evans (32) graduated in 1889
and eight years later was awarded a D.Sc. from the Cen-
tral Technical College (the first woman chemist to re-
ceive this distinction).   Smedley also attended the Cen-
tral Technical College though at a later date, but it is
conceivable that they became acquainted there.  In 1898,
Evans became lecturer at the London School of Medi-
cine for Women (42).  However, part of her time must
have been spent doing research at University College,
London, for it is from that address that two papers ap-
peared under her name in 1908.  One of these describes
her attempt to separate an unidentified element from iron
residues supplied by Ramsay.

Taylor (43) graduated from the Ladies’ College in
1893.  She was appointed to the staff at the college but
spent all her spare time doing research at the University
College of Bristol (later the University of Bristol).  This
involved cycling an 80-mile round trip at least once per
week.  She received an M.Sc. from Bristol in 1910 and
a D.Sc. in 1911.

The University of Bristol

Taylor was not the only signatory linked with the Uni-
versity of Bristol.  Emily Comber Fortey (32) gradu-
ated from the University College of Bristol in 1896.  She
undertook research at Owens College, Manchester until
1898 at which point she returned to Bristol as a re-
searcher with Sydney Young.  Katherine Isabella Wil-
liams (32) also spent time at Bristol but long before that
of Taylor and Fortey.  Williams had also been a high
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school student at KEVI, though her graduation from
there predated that of the other KEVI petitioners.  In the
1880s she commenced research with Ramsay who was
then at Bristol (prior to his move to University College,
London).  Then she embarked upon her own research
program at Bristol in food analysis.  As Taylor, Fortey,
and Williams were all researchers at Bristol at the same
time, it is almost certain they were mutually acquainted.

The London School of Medicine for Women

Three of the petitioners had links with the London School
of Medicine for Women (LSMW). Besides Evans and
Widdows, already mentioned, the third individual was
Lucy Everest Boole.  She has been discussed in the
context of being the first woman chemist to be elected
Fellow of the Institute of Chemistry (32).  She was the
only one of the petitioners not holding a formal degree.
Instead, Boole had completed the program at the School
of the Pharmaceutical Society (as previously noted).  In
1891 she was appointed demonstrator and then lecturer
at the LSMW.  Unfortunately, ill health resulted in her
resignation.  However, to keep her, the Council of the
school divided the position and appointed her teacher
of practical chemistry.  It was Evans who succeeded
Boole, and then Widdows was hired about two years
later.  At the time the petition was signed, all three were
at the school, providing one of the most solid links
among petitioners.

Ramsay’s Research Group at
University College, London

We had mentioned earlier that William Ramsay was a
strong supporter of the rights of women chemists.  Emily
Aston, the first British woman chemist to publish pro-
lifically, undertook research with Ramsay between 1893
and 1902, at which point she “disappeared” from the
records.  Three other members of Ramsay’s group have
been listed above as petitioners: Williams, Marshall, and
Evans.  Williams worked with Ramsay before his move
to University College, while Marshall had already de-
parted for Girton College, Cambridge.  However, Evans
was with Ramsay at the time of the petition collection,
as was Katherine Alice Burke.  Burke (44) obtained
her degree from Birkbeck College, another constituent
college of the University of London.  Upon graduation,
she joined Ramsay’s research group at University Col-
lege.  Burke and Evans obviously knew each other, for
Evans noted on one of her publications that she thanked
Burke for help with her (Evans’) analytical measure-

ments (45).  Evans was clearly the link between the
women at University College and those at the LSMW.

The University of Birmingham

Though the women who originated from KEVI School,
Birmingham, proceeded on the well-trod path to
Newnham College, Cambridge, there were some women
chemists at Mason College, Birmingham (later the Uni-
versity of Birmingham).  Thomas was at Birmingham
for the 1901-02 year, while Hartle was there from 1901
to 1903.  Another signatory at Birmingham was Grace
Coleridge Toynbee.  Toynbee (32) spent a year at
Bedford College and then studied in Germany before
marrying the chemist Percy Frankland in 1892.  In 1894
the Franklands moved to Birmingham, where Frankland
had been appointed professor of chemistry at Mason
College.  It was possibly through Hartle that Toynbee
learned of the petition document.

The Other Signatories

Finally, there were two petitioners who were not part of
any of these circles: Edith Ellen Humphrey and Alice
Emily Smith .  Humphrey (46) graduated in 1897 from
Bedford College and the following year moved to Zürich
where she undertook a Ph.D. with Alfred Werner. No
clear connection between Humphrey and any other
signer has been found.

Smith (47) was the other enigmatic case.  A gradu-
ate of the University College of North Wales, Bangor,
she undertook research from 1901 to 1903 at Owens
College, Manchester.  In 1903 Smith returned to Bangor
as lecturer in chemistry, where she collaborated on a
study of reaction mechanisms with K. J. P. Orton.  Again
it is difficult to find any period of overlap with another
petitioner.  Of course, we have been assuming that all
the links were through other women chemists.  It may
have been that “women-friendly” male chemists con-
veyed the news of the petition to women chemists on
the periphery.  Individuals who may have served in this
role were Ramsay, Mills, Perkins, or Frankland.  In the
case of Smith, it may have been Orton who was the
source of news of the petition, for Orton was a strong
supporter of women chemists.

The Links

We have described how the petitioning women moved
between quite a small number of locations.  The links
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that we have identified are shown in the Table below.  It
is immediately apparent that the petitioners resided in
one (or more) of four cities: Cambridge, London, Bristol,
and Birmingham.  It is unlikely that we will ever be
able to deduce how word of the petition was dissemi-
nated from one node to another, but we can see the foci
and identify the individuals who had contact between
those centers.  Thus we have strong though circumstan-
tial evidence of networking among the women chem-
ists of the time.

The Effect of the Petition

Following receipt of the 1904 petition, the then (women-
friendly) council unanimously adopted the proposal to
alter the by-laws, but the changes had to be approved by
the body of the organization.  Of the over 2,700 mem-
bers, only 45 attended the extraordinary general meet-
ing to approve the changes; and, of those, 23 voted
against.  Thus women continued to be excluded from

the society (30).  William Tilden, President of the Chemi-
cal Society at the time, and a strong supporter of
women’s admission, proposed another tack.  He circu-
lated a petition in support of women’s admission, signed
by 312 of the most distinguished fellows of the society.
Then in 1908 he co-sponsored a motion that there be a
ballot of members on the issue.  This passed, and a bal-
lot was circulated, accompanied by a list with six rea-
sons to vote for admission and seven reasons to deny
admission.  With a vote of 63% in favor, it might na-
ively be assumed that the battle was won.  However, at
the December 3, 1908 council meeting, an amendment

was proposed by Henry Armstrong that women be
granted a special subscriber status, rather than full fel-
lowship (48).  The amendment passed by a vote of 15 to
7.  The passage of this reversal was prompted by the
fear that the Armstrong-led minority would use legal
means to block the proposed by-law.

About this time a report was circulated, claiming
that the women petitioners were linked to the agitation
for the political enfranchisement of women.  This in-

Table.  The signatories of the 1904 petition for the admission of women to the Chemical Society and
institutions where they overlapped up to that date.

Name U. Cambridge U. London U. Bristol Other

Lucy Boole - - - LSMW
Katherine Burke - X - -
Clare de Brereton Evans - X - Cheltenham, LSMW
E. Eleanor Field X X - -
Emily Fortey - - X U. Manchester
Ida Freund X - - -
Mildred Gostling (Mrs. Mills) X X - -
Hilda Hartle X - - KEVI, U. Birmingham
Edith Humphrey - X - -
Dorothy Marshall X X - -
Margaret Seward (Mrs. McKillop) - X - -
Ida Smedley (Mrs. Maclean) X X - KEVI
Alice Smith - - X U. Manchester
Millicent Taylor - - X Cheltenham
M. Beatrice Thomas X X - KEVI, U. Birmingham
Grace Toynbee (Mrs. Frankland) - X - U. Birmingham
Martha Whiteley - X - -
Sibyl Widdows - X - LSMW
Katherine Williams. - X X KEVI

Key:
Cheltenham = Ladies’ College, Cheltenham
KEVI = King Edward VI High School for Girls, Birmingham
LSMW = London School of Medicine for Women
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sinuation that the women chemists were associated with
such radical elements brought forth a rebuttal from 31
women chemists, including 14 of the original petition-
ers.  In a letter to Chemical News (49), the authors noted
that the sole bond between them was a common interest
in chemistry.  The letter was followed by a statement
from the same group of women concerning a “meeting
of representative women chemists.”  In this statement,
the 312 fellows were thanked for their support; and in
addition women were urged not to become subscribers
on the grounds that it would prejudice their case for fel-
lowship status in the Chemical Society.  Among the
names on the letter other than the 14 of the original pe-
titioners (50), was the biochemist Frances Chick, sister
of Harriette Chick, one of the three pioneering women
members of the Biochemistry Club.

For the 11 years of its existence, only 11 women
availed themselves of subscriber status, thus indicating
a strong determination by most women that it was to be
full fellowship or nothing.  It was 1919 before the mat-
ter was again put before the council.  This time, in the
postwar era, the motion passed, and in 1920, the first
women were admitted as fellows.  Among the 21 women
to be admitted at that auspicious first election were four
of the original petitioners: Smedley, Taylor, Whiteley,
and Widdows.  At subsequent meetings of the society,
Burke, Humphrey, and Thomas were elected.  Boole,
Freund, and Williams did not live to see the day of vic-
tory.

The Women Chemists’ Dining Club

That women were still not fully welcomed in the Chemi-
cal Society is evidenced by the formation of The Women
Chemists’ Dining Club in 1925 (51).  The founders of
the organization were, not surprisingly, Whiteley and
Smedley.  The organization usually held three dinners
each year with an occasional speaker or social outing.
Though meetings of the club were suspended during
World War II, they resumed about 1947 (52).  In 1952,
there were 66 members.  Unfortunately, no records of
the club could be traced, and its demise probably oc-
curred sometime during the 1950s.

Commentary

In this article, we have endeavored to show the chal-
lenges that British women chemists faced in gaining
acceptance by the professional societies, especially the
Chemical Society.   Particularly interesting is the in-

volvement of a core of active women whose later ca-
reers differed but who shared common bonds of educa-
tion at a surprisingly small number of institutions, spe-
cifically KEVI High School, Newnham College, Royal
Holloway College, and the University of Bristol.
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Tools and Modes of Representation in the Laboratory
Sciences.  Ursula Klein, Ed., Boston Studies in the Phi-
losophy of Science, No. 222, Kluwer Academic Pub-
lishers, Dordrecht, Boston, London, 2001, xv + 251 pp,
ISBN 1-402-00100-2, $89.

Anyone who has taught an introductory chemistry
course, especially organic chemistry, can perhaps relate
to the problems students have in interpreting the paper
“tools” used to describe the properties and behavior of
chemical species. The words and diagrams used by the
instructor to describe a simple chemical formula such
as water are seldom understood by the student with the
same depth of meaning projected by the instructor. Try
asking students to picture what is inside of the bubbles
in a beaker of boiling water. Or why are there not two
atoms of oxygen in the formula of water, “H2O”? The
editor of this monograph of 14 essays suggests in her
opening introduction that the purpose of these paper tools
was not always clear to the chemists who developed and
used them:

Why did experimental scientists implement theoreti-
cally loaded sign systems, such as chemical formu-
las, in their practical activities, and what were the
functions of such sign symbols in experimental prac-
tice?

This is all in the way of saying that this monograph may
have some interest to the practicing chemist who might
wish to understand a bit more about the development
and use of graphic formulas and paper tools, which only
came into wide-spread use by the third quarter of the
19th century.  These graphic 2- and 3-dimensional tools
had by then become the primary means by which chem-

ists communicated with each other, unencumbered by
the restrictions of the older “natural philosophy.”  The
evolution of the use of new ways of visualizing these
invisible atoms in a time of skepticism about even the
existence of atoms was a slow and confusing one.  The
reader who finds this difficult to comprehend will do
well to start with Alan Rocke’s definitive essay on
“Chemical Atomism and the Evolution of Chemical
Theory in the Nineteenth Century.”  Contemporary
chemists might have some difficulty in understanding
why structural organic chemistry took some 50 or more
years to establish itself after the introduction of Dalton’s
atomic theory.  Ursula Klein and Pierre Laszlo provide
the reader with insights as to the philosophical difficul-
ties that needed to be overcome for acceptance of this
paradigm.  About half of the papers deal with the 19th-
and early 20th-century development and use of graphic
formulas and molecular models in organic chemistry.
Graphic formulas and models used by Alexander Crum
Brown and Jacobus van’t Hoff are extensively discussed
by Christopher Ritter and Peter Ramberg.  Stephen
Weininger reminds us how much structural organic
chemistry is dependent on our understanding of what
was understood by a chemical bond in his contribution,
“Affinity, Additivity, and the Reification of the Bond.”
Carsten Reinhardt and Anthony Travis provide, it would
seem, the only example of how the use of these new
paper tools influenced academic-industrial research in
the emerging dye industry.

Mary Jo Nye’s discussion of the paper tools used
by Linus Puling will be of interest to all varieties of chem-
ists, while Eric Francoeur provides us with an interest-
ing discussion of the background of the early “space-
filling” models developed by chemists such as Pauling.

BOOK REVIEWS



Bull. Hist. Chem., VOLUME 28, Number 2  (2003) 121

The Art of Chemistry: Myths, Medicines, and Materi-
als.  Arthur Greenberg, John Wiley and Sons, New York,
2003.  xx + 357 pp, 188 figures, index, ISBN 0-471-
07180-3, $59.95.

The author, who is dean and professor of chemis-
try in the College of Engineering and Physical Sciences
at the University of New Hampshire, offers here a rous-
ing sequel to his Chemical History Tour: Picturing
Chemistry from Alchemy to Modern Molecular Science,
Wiley, 2000 (see review, Bull Hist. Chem., 2000, 25,
133).  Similar in style and substance to the earlier book,
this large-format work packs in even more visual treats
while romping through chemical history.  His purpose
is to entertain as well as to educate, while exemplifying
“our very human need to visualize and try to understand
the fundamental nature of matter.”  The writing is
sprightly, imaginative, and informal; like his first book,
it is a good read for anyone interested in chemistry and
the humanities.

Discussions of the graphic representations used in the
formulations of the periodic table are the focus of two
papers by Bernadette Bensaude-Vincent and Eric Scerri.
Three essays move a bit far a field, at least to this re-
viewer.  Buhm Soon Park and Emily Grosholz, respec-
tively, show us how diagrams and representations are
used to illustrate the Aufbau Principle and the reorgani-
zation of genetics as interpreted through Fedoroff’s trans-
lation of McClintock.  The application of quantum-theo-
retic models to the explanation of chemical structure is
provided by Robin Findlay Hendry’s essay on “Math-
ematics, Representation, and Molecular Structure”.

I can recommend this book to those chemists who
would like to catch up on what scholarship has transpired
among historians and philosophers of science these past
20–30 years.  Of course, as these disciplines have be-

come more specialized in chemistry, one may find the
terminology a bit heavy going–at least this ground-level
organic chemist did.

Those who would like to explore further the use of
molecular models might do well to look at the Special
Anniversary Issue of “Models in Chemistry” – HYLE:
International Journal for the Philosophy of Chemistry,
Vol. 6 (2000) that includes contributions from several
of the authors in this monograph. I can particularly rec-
ommend Pierre Laslo’s provocative essay, “Playing with
Molecular Models” and Peter Ramberg’s updating of
Van’t Hoff’s contributions to structural organic chemis-
try in “Pragmatism, Belief, and Reduction:
Stereoformulas and Atomic Models in Early Stere-
ochemistry.” Bert Ramsay, Eastern Michigan Univer-
sity, Ypsilanti, MI 48197.

The book is divided into eight sections: “Spiritual
and Mythological Roots,” “Stills, Cupels, and Weapons,”
“Medicines, Purges, and Ointments,” “An Emerging
Science,” “Two Revolutions in France,” “A Young Coun-
try and a Young Theory,” “Specialization and System-
atization,” and “Some Fun” (actually, it’s all fun).  Al-
chemy receives much attention, and rightly so.
Greenberg does not purport to be a historian of alchemy,
but his approach to the subject is sympathetic, and he
has a good eye for interesting visuals.

As with his first book, the selection is proudly and
deliberately idiosyncratic, but it works.  It should be of
real value to those of us who attempt to enliven the teach-
ing of chemistry and its history with amusing anecdotes,
rare books, and interesting art.  The only real disappoint-
ment is the unsatisfying quality of reproduction of many
of the black-and-white figures, apparently the result of
scanning with insufficient resolution (this reservation
does not apply to the 19 figures that are impressively
reproduced in full color).  But this is a minor complaint
considering all that Greenberg gives us.  Alan J. Rocke,
Department of History, Case Western Reserve Univer-
sity.
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Chromatography: A Century of Discovery 1900-2000:
The Bridge to the Sciences/Technology.  Charles W.
Gehrke, Robert L. Wixom, and Ernst Bayer, Ed., Elsevier
Science, Amsterdam, 2001; xxix + 709 pp, clothbound,
ISBN 0-444-50114-2, $375.

Chromatography:  A Century of Discovery 1900-
2000, is a unique journey that promises to provide the
“bridge to the sciences/technology.”  It is a book whose
pages are filled with love, respect, and admiration for
both the scientists who built the art of chromatography
and brief introductions to their work.  The editors are
Charles Gehrke and Robert Wixom, University of Mis-
souri/Columbia, and the late Ernst Bayer, Universität
Tübingen.  They have provided excellent summaries of
the earlier work of the 20th century, collected contribu-
tions concerning those now deceased, collated individual
contributions from about 125 scientists who have been
active in the area, and proffered  about 25 offerings from
young scientists who are the field’s future.  The latter
section is not in the printed book, but on the web at  http:/
/www.chemweb.com/preprint/, apparently to make in-
sertions simple.  This makes the work one of a growing
trend to adapt print-publication to the e-world of the web.

The 700-page book, printed and bound in the splen-
dor so typical of Elsevier, is replete with historical pho-
tos, line drawings, and touches of sketch humor.  If the
reader wants to grasp a quick biographical overview of
the people and scientific concepts of this multi-faceted
area, this heavy tome is seminal.  The editors claim that,
“This book is recommended for students in the sciences
and research, chromatographers at all levels: professional
scientists, research chromatographers in academia, gov-
ernment, and industry; science libraries in academia,
industry and professional societies; historians and phi-
losophers of science; and educators and students at both
high school and university levels.”  With such enthusi-
asm for their targets, one is prompted to recall some of
the poetical lines of George Barlow (James Hinton),
1847-1913, who used the word science in many of his
works:

“God, thou art not dead, as some men say,
Men who preach the saws of Science and they win
the people to their way—
And for the man of science strong and proud,
Who peered beneath the billows of the sea,
And pierced beyond the walls of mist and cloud,
And read the past, and read futurity.”

Barlow’s words are preserved largely through the e-ref-
erence source: The Full Text English Poetry Data Base.

The Bulletin for the History of Chemistry deserves equal
respect from our academic and industrial research li-
braries, or we will rapidly lose the connectivity between
creative scientists, their social and professional milieus,
and the bridges between their works.

As Volume 64 of the Journal of Chromatography
Library, this current volume will be preserved in many
institutional libraries, particularly those that also sub-
scribe to the related Journal of Chromatography.  Its
price will preclude widespread exposure to many of the
individuals acclaimed by the authors.  A quick look at
Vi rginia Tech’s Main Library circulation figures for the
previous 15 volumes in the series (~ a decade) shows an
average “check-out” of six patrons/volume. While not
exactly flying off the shelves, that is still quite respect-
able, and of course does not reflect any in-house usage.
This may bring a deep feeling of regret, since the edi-
tors have done a splendid job of highlighting the best
work and workers in the western world, but have also
included the meteors in areas such as Russia, Japan,
China, and South America.   Many western workers are
often provincial and unaware of the synergistic connec-
tivity between various countries.  A few minutes a day
reading about each worker’s contributions and digest-
ing their biographies makes the bewildering chromato-
graphic world burst into new colors.

One cannot claim that the book flows as easily as
Primo Levi’s The Periodic Table, but the editors have
come close through their use of careful architecture,
clean editing, and clever use of sketches of toucans,
bears, dragons, and bonzai trees—all juxtaposed with
typical chromatograms, head-shots of the heroes, and
informal photos of groups of people at meetings.  The
book also lists award winners of the various interna-
tional and national awards that recognize seminal con-
tributions and describes the professional societies that
have supported them.

In all, the book is a carefully crafted volume that
melds people, history, science, and the future.  It is an
ideal source book for those wishing to integrate the his-
tory and chemistry of the last 100 years of separation
science, and it places steep escarpments and plateaus in
proper perspective.

The subject material complements somewhat that
in A Century of Separation Science, H. J. Issaq, Ed.,
Marcel Dekker, 2002, ISBN 0824705769 (hc), 755pp,
~$225.  This book also records some of the advances in
separation science that took place in the 20th century.
The 35 experts chosen cover the most recent advances
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Robert Burns Woodward:  Architect and Artist in the
World of Molecules.  O. T. Benfey and Peter J. T. Mor-
ris, Ed., Chemical Heritage Foundation, Philadelphia,
PA, 2001, 497 pp, cloth, ISBN 0-941901-25-4, $45.

It is difficult to believe that nearly six generations
of Ph.D. organic chemists have graduated since R. B.
Woodward passed away in 1979.  Among chemists of a
certain age (perhaps over 50) Woodward will be forever
revered as the leader of the Golden Age of Synthesis.
However, one need only interview a postdoctoral can-
didate to realize that his remarkable contributions to
synthesis are slowly fading from memory.  Among
younger chemists the name Woodward is probably more
closely associated with the Woodward-Hoffmann Rules,
a seminal contribution in their own right.

How would Woodward view the current state of
organic synthesis, with its emphasis on combinatorial
chemistry and libraries?  My guess is that he would be
very pleased, not only with the variety of new direc-
tions, but also with the extraordinary accomplishments
of a younger generation in synthesizing complex mol-
ecules.  The “art” of organic synthesis is alive and well!
The contributors to the book Robert Burns Woodward:
Architect and Artist in the World of Molecules do an
excellent job of tracing this art back to its most distin-
guished practitioner.

An especially pleasing aspect of this book is the
range of individuals who have contributed perspectives
on the life of RBW.  Most appropriately, daughter Crys-
tal Woodward leads off with “A Little Artistic Guide to
Reading R.B. Woodward.”  Crystal is an accomplished
artist in her own right whom I met briefly in 1973 and
later in 1992 at a symposium honoring the memory of
her father.  In the nearly twenty years separating these
events it was clear that her appreciation for both the art

in chromatography, electrophoresis, field-flow chroma-
tography, supercritical fluid chromatography for high-
speed and high-throughput analysis, current techniques
in solid-phase extraction, microfluidics, capillary and
slab-gel electrophoresis, gas-, ion-, affinity-, and thin-

layer chromatography, as well as modern detection and
purification processes for biomedical compounds.  Dr.
Raymond E. Dessy, Chemistry Department, Virginia
Polytechnic Inst., Blackskburg, VA 24061-0212.

and science of organic synthesis had increased greatly.
Now, some ten years later, we are treated to a discus-
sion of Woodward as artist that only a fellow artist could
deliver.  As Crystals notes, “For a nonchemist, trying to
understand the artistic quality of Woodward’s work
would be like trying to read poetry in a foreign language
one does not know.”  Nevertheless she succeeds admi-
rably in drawing together “shared qualities similar to
the fine arts,” and raises an intriguing question at the
end:  “Is there still an art of chemical synthesis?  Do
you use words like delight, delectation, inspiration,
imagination?  Or large pretty, bold prism…?”  Of course,
these are descriptions of the type RBW employed freely
to express his enthusiasm for the science and which were
sometimes criticized for being out of place in a scien-
tific journal (in some quarters referred to as
“Woodwardian”).  To the delight of generations of or-
ganic chemists, Woodward did not bend to these criti-
cisms.

In a following section Peter J. T. Morris and Mary
Ellen Bowden provide a brief biographical introduction
to Woodward’s life and times.  A photograph on page 7
sums up what you either loved or found distasteful about
RBW.  On the occasion of his 60th birthday Woodward
is being transported to the festivities in a sedan chair,
carried in part by a youthful Stuart Schreiber and Howard
E. Simmons III.  He was truly a showman in every sense
of the word.  As an aside, the “unidentified bystander”
referred to in the caption is Max Tishler, a close per-
sonal friend of Woodward and a winner of the Presiden-
tial Medal of Science for his many contributions to
modern drug development.

Robert C. Putnam contributes an interesting 1-2
pages titled “Reminiscences from Junior High School.”
Who would have imagined that a youthful RBW would
barely survive the toxins and explosive concoctions he
was producing in his basement lab?  In “Robert Burns
Woodward: Scientist, Colleague, Friend,” Frank H.
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The Changing Image of the Sciences.  Ida H. Stambuis,
Teun Koetsier, Cornelis De Pater, and Albert Van Helden,
Ed., Kluwer Academic Publishers, Dordrecht, 2002; 189
pp, ISBN 1402008473, $65.

This multi-authored volume presents presentations
given at a conference in the Netherlands in 2000. The
conference subject was chosen by the organizers at the

Vrije Universiteit in Amsterdam because of concerns
about decreasing public interest in the sciences, and the
decreasing number of university students majoring in
scientific disciplines. It is a challenging book to review
because of the very different directions taken in response
to the conference theme by the various authors.

Michael S. Mahoney, in “In Our Own Image: Cre-
ating the Computer” (19 pp), includes a broad, but nec-

Westheimer describes a playful, exuberant RBW that
only those most close to him would recognize.  This
“Harvard insider” also provides a glimpse into the in-
tensity level and commitment of the RBW research
group at its zenith, where Thursday evening seminars
often extended well into Friday morning.  Although these
were essentially group meetings, they routinely attracted
many chemists from the surrounding area.  Westheimer
describes them as “… the most remarkable class in ad-
vanced organic chemistry that has ever been taught by
anyone, anywhere.”

This leads us to perhaps the defining chapter of the
book, “RBW, Vitamin B12, and the Harvard-ETH Col-
laboration,” by Albert Eschenmoser.  What does one
giant in the field have to say about another?  It goes
without saying that their relationship was built upon
mutual admiration, although Woodward was much the
senior and on the verge of winning the Nobel Prize
(1965).  In fact, Leopold Ruzicka warned his young col-
league (and former student) against collaborating on
Vitamin B12, feeling perhaps that the dominating pres-
ence of Woodward might overshadow Eschenmoser’s
contributions.  What actually developed, though, was
one of the most fruitful partnerships yet to transpire in
synthetic organic chemistry.  The total synthesis of Vi-
tamin B12 is widely regarded as one of the highpoints of
20th century organic chemistry, and various accounts of
this feat have been published elsewhere.  However, no-
where else is this story told with such a personal touch,
providing vivid descriptions of moments of both eupho-
ria and despair (Black Friday!).  Woodward and
Eschenmoser were always generous in their praise each
of the other, and the current chapter is no exception.
Eschenmoser closes with the desire that “The book will

widen the access to the treasures of Woodward’s art and
science and will help keep alive the memory of this great
scientist and man for the coming century.”

It was a pleasure to re-read the selected papers of
RBW included with this volume, as well as the 1973
Cope Award Lecture and Notes published in their en-
tirety for the first time.  Although not for everyone,
Woodward’s writing style conveyed his sense of won-
derment, enthusiasm, and delight for each synthetic ven-
ture.  Not to mention drama!  Browse through the open-
ing lines of any of these papers, and you will get a feel-
ing for the attachment he had for his art (my personal
favorite - strychnine, found on p 136).  Regrettably,
Woodward’s colchicine synthesis was not included.
Surely this is one of the most colorful accounts of total
synthesis in the literature.  In any event, there is little
else to criticize in this fine effort and the authors are to
be congratulated for bringing this much overdue account
to fruition.

Woodward died a relatively young man by today’s
standards, in part a victim of the intensity with which he
pursued life.  Several years after his death I was invited
to present a lecture at a meeting in Ljubljana (then part
of Yugoslavia).  As a relatively new member of the “club”
I was thrilled (and quite nervous) to be associating with
speakers that included Sir Derek Barton and Vladimir
Prelog, both Nobel Laureates in organic chemistry.  Af-
ter my lecture Sir Derek and Vladimir greeted me with a
simple sentence: “The Master would have been proud.”
This was high praise and needed no further explanation.
It also served to place into context the special stature
that Woodward enjoyed even among other giants in the
field.  Peter A. Jacobi, Dartmouth College, Hanover, NH
03755.
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essarily abbreviated, historical account primarily of the
development of software and of human interfaces with
computers.  He argues that “...to scientists the image of
the world has been changing.  It has become ...the im-
age of computation.”

In the chapter most closely concerned with chem-
istry Bernadette Bensaude-Vincent, a past Dexter Award
winner, discusses “Changing Images of Chemistry” (13
pp). The image of chemist as creator implicit in the suc-
cesses of organic synthesis in the 19th century gave way
to “chemistry as a cornucopia of material plenty” in the
mid-20th century.  The latter part of the 20th century led
to critiques of synthetic chemistry, as most powerfully
embodied in the disaster at Bhopal, and a new image of
chemistry as “the key to life.”

The longest chapter is by Garland E. Allen on “The
Changing Image of Biology in the Twentieth Century”
(41 pp).  He explores successfully the move of biology
from a descriptive and qualitative science to a “conscious
attempt to introduce rigorous experimental, analytical,
and reductionist methods from the physical to the bio-
logical sciences.”  This was a move from natural history
to molecular biology.  The chapter contains an interest-
ing section on eugenics as an interface between biology
and society.

The late Abraham Pais contributed “The Image of
Physics” (19 pp), which is rather narrowly focused on
relativity and complementarity, the Einstein and Bohr
views of the philosophy of physics.

Sally Gregory Kohlstedt and Donald L. Opitz con-
tribute “Re-imag(in)ing Women in Science: Projecting
Identity and Negotiating Gender in Science” (35 pp),

which I found to be the most engaging contribution in
this volume.  By discussing the lives and careers of seven
well-chosen women who undertook scientific pursuits,
from Margaret Cavendish in the 17th century to Marie
Curie in the 20th century, they show how women were
viewed or wished to be viewed by their societies.

David Christian on “Science in the Mirror of Big
History” (30 pp) takes the broad view.  He reminds us
of the short time scale during which science has been
cultivated in human history—let alone the history of the
earth or the universe.  He tries to connect science with
creation myths of many cultures.  This excellent essay
does not fit well into the overall theme of the confer-
ence.

Finally Steve Fuller, in “The Changing Images of
Unity and Disunity in the Philosophy of Science” (23
pp), discusses how evolving schools of the philosophy
of science have moved from unified to disunified views.
He hopes for some reunification in a textual image of
nature as a multi-authored encyclopaedia rather than a
single-authored book.

The text is well produced and includes a full index.
Each chapter has extensive notes and references.  As
befits a book with this title, there are many illustrations
in black-and-white.  In their foreword the editors hope
for the use of this volume “as a text book in undergradu-
ate courses in the history of science and in science and
society.”  Because of the varying approaches and depth
of the individual chapters, I cannot support that recom-
mendation; but I see value in this book as supplemen-
tary reading in such courses.  Harold Goldwhite, Cali-
fornia State University, Los Angeles.

The Holland Sisters.  Eugene G. Rochow and Eduard
Krahé, Springer-Verlag, Berlin, 2001; x + 180 pp, Cloth,
ISBN 3-540-41604-8; $33.95.

William Henry Perkin, Jr., Frederic Stanley
Kipping, and Arthur Lapworth were three of the lead-
ing organic chemists at the beginning of the twentieth
century.  Perkin Jr. (the “Jr.” always was included to

distinguish him from his father, founder of the synthetic
dye industry) excelled in many areas of organic chem-
istry.  Kipping is considered to be the founder of the
field of organosilicon chemistry, and the American
Chemical Society has chosen to name its international
award in this field after him.  Lapworth was one of the
founders of the field of physical organic chemistry, lay-
ing the groundwork needed later by Ingold and
Robinson.  The remarkable factor common to these gi-
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ants of organic chemistry is that they married three sis-
ters, daughters of William T. Holland and Florence
DuVal.  Kipping was the linchpin, as he was the first
cousin of the three women (their mothers were sisters),
and his academic connections brought the other two
chemists to the Holland family.

The authors had very little beyond the bare vital
statistics for the sisters, until they found Brian Kipping,
a grandson of Frederic Stanley.  He provided them with
photographs and some firsthand stories with which to
launch their book, which they called a “biographical
historical novel.”  Mina, the oldest, was the wife of
Perkin; Lily, the middle, of Kipping; and Kathleen, the
youngest, of Lapworth.  The authors chose to center their
story around Lily.  The Kippings were the only couple
to have children, and the relationship between Lily and
Kipping developed earliest because of the family con-
nections.

The Hollands lived in Bridgwater, Somerset, in
Southwest England, where William T. Holland was in-
volved in the brick and tile business.  His work must
have been very successful, as their house, The Lions,
was one of the most impressive in town.  The house left
the family early in the twentieth century and served as a
restaurant and club.  It is currently under restoration.
The sisters, provided with the sobriquet “The Sister-
hood” by the authors, moved all over England and Scot-
land as they supported their husbands’ academic careers.
In contrast to the dearth of primary information about
the sisters, extensive biographical information is avail-
able on the men, but this was not their story.

The narrative covers the period corresponding ap-
proximately to the life of Lily Holland Kipping, from
1867 to 1949.  The authors include considerable com-
mentary about current events, particularly the two world
wars.  Lily’s two years at public school are described in
great detail, including a list of all items she was required
to bring with her.  Her performance in all her subjects is
described, and her outside interests in music and tennis
emphasized.  The authors imagine how each of the three
sisters was courted by their respective chemist, leading
to the three marriages.

The authors invoke strong involvement of the wives
in their husbands’ careers.  Perkin and Kipping co-
authored the classic text Organic Chemistry, which
passed through many editions.  The authors considered
that Mina and Lily were prominently involved in the
production phase, involving proofreading and indexing.
The wives “made houseparties out of the necessary

meetings, sharing the chores and celebrating the comple-
tion of the operation until the first copies of the com-
pleted book arrived from the publisher” (p 109).  More
remarkably, the authors give Lily a prominent role in
Kipping’s work:  “Through their 35 years together, Lily
had absorbed enough chemistry to understand what was
going on, to feel the thrill of uncovering new knowl-
edge for its own sake, and to know the satisfaction of
writing papers to tell the scientific world what one had
accomplished” (p 129).  On an imagined train trip dur-
ing the 1920s, the three sisters discuss Kipping’s newly
prepared organosilicon materials, which he had termed
silicones.  In five pages of text (pp 130-135), the three
sisters solve the fundamental structural problem of the
reaction of dichlorosilanes with water, namely that the
product is not a ketone analogue implied by the name
Kipping had given the products but rather a concatena-
tion of silicon-oxygen units.  Kathleen even proposes
the names “monomer” and “polymer” from her classi-
cal education, meaning “one time” and “many times.”
Then she comments that “we (women) contribute words
and ideas discreetly to our men, and then the ever-present
male ego will insist that they must have arisen in the
fertile mind of a man” (p 135).  All these scenarios, the
reader should keep in mind, are imagined, not docu-
mented.

During World War II, the Kippings moved to the
west of Great Britain to avoid German bombing.
Kipping foresaw no practical application of his work
and became discouraged.  In the United States, chem-
ists at Owens Corning Fiberglass discovered that
Kipping’s silicones could be used to cure glass fibers so
that they could withstand high temperatures required for
military applications such as insulating electrical equip-
ment for engine ignition.  Corning needed the chemical
resources of Dow Chemical Company to synthesize the
materials by the Grignard method, so the Dow Corning
Corporation was formed as a collaboration.  Plants were
built, and suddenly Kipping’s worthless polymers were
an essential war industry.  General Electric developed a
method to make silicones directly from silicon metal.
The man who made the discovery of the “direct method”
was, of course, the author, Eugene Rochow.  He is men-
tioned only as “a young laboratory assistant” and “an
upstart young squirt” who created competition for Dow
Corning.

Perkin died in 1929 and Lapworth in 1941, so that
for several years only Kipping remained.  Kathleen
joined the Kippings in their refuge in Wales.  By the end
of the war, silicones had found extensive applications
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Transmutations:  Alchemy in Art.  Lloyd DeWitt and
Lawrence Principe, Chemical Heritage Foundation Press,
Philadelphia, PA, 2002, $25.

Arnold Thackray’s foreword to this booklet really
gives a sensitive description: “HEALTH AND WEALTH.
These two have always lain close together near the heart
of human desire.  The progress and the promise of the
chemical and molecular sciences is one of the great good-
news stories of our day.  It is a story worth telling and
retelling—not least because of the deep roots of these
sciences within the history of humanity and the long cen-
turies of struggle that lie behind our good fortune.  No-
where are the rootedness of the sciences and the reality
of the struggle better revealed than in the magnificent
Eddleman and Fisher Collections of alchemical art, which
the Chemical Heritage Foundation is now privileged to
possess.  Here, in a group of almost one hundred paint-
ings, one can see the modern chemical sciences strug-
gling to be born…”

For almost 2,000 years alchemy has aimed at the
transmutation of base metals into silver and gold, but it
was more than that:  since the Middle Ages the search
for health, for medicinals, and for a better life.  In a lec-
ture given at the ETH in Zürich in 1931, Tadeus
Reichstein, later a Nobel Laureate, expounded on all these
aims of alchemy.  It began in Egypt and Greece and then
spread to the Middle East and Europe.  There was none
in North America, but Reichstein pointed out that the
first person to refer to alchemy in modern times was an

American, Ethan Allen Hitchcock, whose book Remarks
upon Alchemy and Alchemists was published in Boston
in 1857.  [Copies of Reichstein’s paper, both in German
and English, are available on request from the reviewer
at no cost.]  Over the past century and a half the interest
in alchemy and alchemical paintings has grown, par-
ticularly among American chemists.  A few thousand
such paintings were produced in Europe from the 16th

century onwards.  Two of the finest collections of these
have been put together in America by Chester G. Fisher
and Roy Eddleman.

The Fisher collection, formed between the 1920s
and 1965, was housed at the Fisher Scientific Company
in Pittsburgh and became famous through the thousands
of reproductions sold by the company.  The second great
collection was built during the last thirty years by Roy
Eddleman, the founder of the Spectrum Laboratories.
Both of these collections have now found a home at the
Chemical Heritage Foundation in Philadelphia; this
booklet, written by Lawrence M. Principe and Lloyd
De Witt, describes twenty of these.  Professor Principe
teaches history of science at Johns Hopkins and De Witt
is a doctoral student working on Jan Lievens at the Uni-
versity of Maryland.  They give fine descriptions of
twelve Dutch and Flemish alchemical paintings mainly
from the late 17th century, one Italian work of about 1700,
and seven 18th- and 19th-century works of chemists and
apothecaries, as well as a portrait of Robert Boyle.  Of
particular interest are discussions of related prints and
especially of “chymical apparatus” and infrared
reflectography.  I particularly enjoyed the essay on

to the war effort, including waterproofing utilities on
ships and insulating motors and generators.  One more
edition of Perkin and Kipping’s book came out after the
war, achieving 50 years of continuous publication.
Kipping died in 1949 and Lily soon thereafter.  She pre-
sumably was survived by her sisters.

There is only a little chemistry in the book, and
only a little more chemical history.  We see none of the
work of Perkin or Lapworth.  The book strives prima-
rily to define the roles of the wives of these three chem-

ists during their nearly 70 years of professional activity,
from Perkins’s initial work in the 1880s to Kipping’s
final work just before 1950.  The prose is simple and
straightforward rather than elegant, as the authors de-
scribe the lives of young girls and their later understand-
ing of their husbands’ chemistry.  The reader learns a
little silicone chemistry, reviews English history of the
period, and gains some insight into the role of women
up until 1950.  Joseph B. Lambert, Department of Chem-
istry, Northwestern University, Evanston, IL 60208-3113.
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reflectography, written by the painting conservator, Nica
Gutman, which shows the genesis of Adriaen van der
Venne’s Rijcke-Armoede.   This painting is one of my
favorites in the collection, and I had always understood
it to represent simply “Wealth???Poverty”; i.e., the al-
chemist trying to move from poverty to wealth, whereas,
in fact, he and his family move into deeper poverty.  The
authors, however, provide a detailed explanation of the
elaborate symbolism in this particular painting.  Clearly
there is much more meaning than met my eye.

It is good to see a text with so few errors, none of
them important.  Cornelis Bega’s alchemist, for instance,
does hold the balance in his right hand, not his left.  A
real weakness is the quality of the reproductions.  Un-
fortunately, most alchemical paintings are dark and so
are extremely difficult to present satisfactorily.  The
Rijcke-Armoede has been reproduced best, perhaps be-
cause it is a brunaille.  The poorest is the Italian still life
on page 28, which is so dark that it is almost impossible
for the reader to see “a boy delivering raw materials to
the left.”  We can barely see the ghost of the boy.  To

appreciate the real beauty of these paintings, we need to
go to the Chemical Heritage Foundation.

The greatest painting in this unique collection came
from Roy Eddleman, David Teniers’ Alchemist in his
Workshop.  Sadly, for the cover the designers picked a
second rate pastiche of a Teniers which is ill-drawn and
busy.  Teniers was copied for generations, right into the
19th century, and the lower right quadrant of the beauti-
ful original on page 15 would have made a far better
cover.

I know of no exhibition of alchemical paintings
ever, anywhere, and I hope that this booklet will inspire
some curators in cities with important chemistry—Phila-
delphia, Basel, Frankfurt, Oxford—to consider show-
ing the best of the almost one hundred paintings now at
the Chemical Heritage Foundation.  Such a traveling
exhibition would be a wonderful appreciation of Roy
Eddleman and Fisher Scientific for their generosity.  Dr.
Alfred Bader, 924 East Juneau, Suite 622, Milwaukee,
WI 53202.
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