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THE 1990 DEXTER ADDRESS

Records of Chemistry: Combustion or Conservation?
Colin A. Russell, The Open University

It gives me great pleasure to give this address to the ACS
Division of the History of Chemistry, and to acknowledge with
deep gratitude the generosity of both the ACS and the Dexter
Corporation in granting me the 1990 Dexter Award.

One of my first tasks as a young chemist was to clear out an
ancient storeroom. It was full of the most astonishing relics:
glassware that was almost devitrified, chemicals never used in
30 years, stacks of old papers, and sodium cyanide in blocks
shaped like coffin lids. All was disposed of swiftly and
unceremoniously. Such ancient detritus was an offence to our
sense of modernity, relics from an old technical college that
were wholly unfit to grace what was to be an up-and-coming
polytechnic. “Ancient and modern” might be a good title for
an English hymnbook; it was utterly inappropriate as a motto
for a modern chemist.

Our behaviour that day must have seemed quite typical.
Chemists usually appear uninterested in objects from the past,
be they literary records or old equipment. Over 150 years ago
Thomas Thomson wrote disparagingly of the "rude and dis-
graceful beginnings" of chemical science (1). He was referring
to alchemy.  And today most chemists seem to share his
embarrassment about their collective past and to manifest a
selective amnesia.

Curiously, this ahistorical attitude is expressed at precisely
the same time that, in other areas, there is a huge resurgence in
historical interest. In the West there is a growing recognition
of the value of history. It has been well said that a culture
unaware of its history is like a man without a memory.
“Forward, ever forward” may be a good watchword for lem-
mings; it is hardly so for civilisation, and I see no reason why
it should be so for chemistry. Indeed, Thomson is a dangerous
example to quote, for in fact he was concerned to promote the
history of chemistry, as were many leading chemists until quite
recently (2). The large scale rejection of the past amongst
chemists - even a contempt for chemical history - is really a
phenomenon of our own day.

But there are welcome signs of a maturing of attitudes and
aretumn of interest in history of chemistry amongst the chemi-
cal profession. You, in the ACS, have seta shining example in
having had for many years a full division devoted to history of
chemistry. In Britain the RSC has a flourishing Historical
Group (not yet a full Division) and many activities in which
history is regularly and prominently to the fore. Now history
cannot exist without records, any more than chemistry can
exist without laboratories, so if history is becoming significant
in chemistry, records themselves acquire a new importance.
This is so for at least four specific reasons.

THE HISTORY OF
VALENCY

C. A. RUSSELL

LEICESTER UNIVERSITY PRESS
1971

* Cultural Importance of Chemistry: As a part of science,
chemistry is a major aspect of human endeavour and a partial
determinant of our culture. Its history is as relevant to a
rounded understanding of our culture as is that of state, church
or literature. Its methodology as a science midway between
physics and biology is important as a means of understanding
the nature of science. So it is not too surprising that our
educators, in Britain at least, are laying new emphasis on
scientific discoveries, past and present. For this purpose
historical raw material is needed.

* Contemporary Importance of the Chemical Industry:
Throughout Britain and America a vast variety of records are
now piling up in libraries, record offices, etc., many of these
being the archives of big business. One of the largest sectors
of industrial enterprise is the chemical industry, but often it is
also the most neglected. In the United Kingdom this is one of
the major contributors to a positive balance of intemational
trade, having many employees and much investment. On those
grounds alone its archives are specially important.

* Historical Importance of Chemistry: Turning from the
present to the past one encounters a further remarkable fact:
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while the importance of chemistry is usually ignored in the
teaching of 18th and 19th century history, this is most notably
so at precisely the two points where its role was most critical.
It is surely incontestable that in its gift to the early textile
industry of soap, chlorine, and dyes, and in its provision of
acids for pickling metals, chemistry made the industrial revo-
lution possible. And, secondly, by its provision of gas-
lighting, fertilisers and food, explosives (not necessarily mili-
tary), medicine and much else, chemistry profoundly altered
the quality of life for ordinary people, usually for the better. If
one asks how the teaching of history could be so blinkered as
toexclude such items, one cannot escape one obvious explana-
tion: the sheer unavailability of sources.

* Popular Image of Chemistry: Under pressure from envi-
ronmental lobbies the chemical community has developed a
new sensitivity to its public image. At times it has been
mercilessly caricatured and caricatures need exposing. Some
of these are about the past, so reliable source material is
urgently needed. This is an area in which systematic research
has scarcely begun. Yet already evidence has appeared that
"green" concerns are not new, that captains of industry were
notalluncaring, that their work force was not always exploited.
In many areas the history of science has shown the greatdanger
of extrapolating from a few famous but isolated cases to
sweeping generalisations. With chemistry it is imperative to
explore its records to see just how typical were, for example,
the contributions to atmospheric pollution by the Muspratts on
Merseyside, or the combined industries of Widnes. Prelimi-
nary work suggests we may be in for surprises.

Chemical records are of many kinds. First, and most
obviously, there are what are commonly called archives.
These include manuscript books, papers and pamphlets, adver-
tisements, letters, notebooks, ledgers, photographs, drawings,
paintings, and other documents. Then there are also artifacts,
such as apparatus, small objects, and of course industrial
plants. In the present context we exclude printed books and
shall focus particularly on written documents.

All historical documents offer challenges. Those relating
to chemistry pose some particularly difficult and specific
problems, of which the following are the most important:

* Incomprehensibility: Most professional archivists are not
trained in science, and few languages can be more obscure to
anordinary keeper of records than that of chemistry. The effect
can be imagined of presenting a specialist in medieval social
history with a diagram of a catalytic converter, a planning
application for an ammonia synthesis plant, or laboratory
notebooks from the local university. Partly for this reason any
doeuments of a chemical nature in a local repository are
unlikely to be catalogued under "chemistry”, so they are cor-
respondingly hard to unearth.

* [Inaccessibility: Inprivate hands chemical archives present
the difficulties commonly faced by scholars enquiring into the
possibility of access: the inconvenience of intrusions into

private homes, the possible embarrassment of owners if there
are likely to be any skeletons in the cupboard, and so on.
However, in corporate hands these problems are compounded
into a daunting series of obstacles: “classified information”,
political embarrassment, modern image and so on.

* Inflammability: When my own research laboratory went
up in flames one night, my research records were preserved
only because the desk drawers were made watertight and
fireproof by the firemen’s hoses! They were fortunate survi-
vors. The chemical industry is prone to much higher dangers
than small laboratories or than other industrial installations
(such as offices). For instance, in 1854 an acetic acid plant on
the river Tyne (Hew Singers) was “utterly destroyed” by fire;
next door was a warehouse with 1000 tons of sulphur and
saltpetre.  All adjacent buildings were swept away in the
resulting inferno, and the flames leapt across the Tyne and
destroyed buildings on both banks of the river. No one knows
how many chemical records disappeared that day. Nor was this
untypical of the vulnerability of chemical plants to fire. It is
remarkable how many English chemical factories were named
(or renamed) the “Phoenix Works™!

Not only documents but whole factories are irretrievably
lost to posterity. Records of few other enterprises can be so
vulnerable to fire. And it must be said that not all combustions
have been accidental. In 1983 the Tharsis Chemical Company
destroyed five tons of archives simply to make more space.
And sometimes combustion is not the only means of destruc-
tion. The archives of the Fuller's Earth Union (c. 1890-1975)
were damaged but not destroyed by a fire in the wooden shed
in which they were housed, then dumped in a skip where they
suffered several months of English weather. Now fragile
beyond belief, and crumbling at almost a touch, they were
microfilmed at the Surrey Record Office and their contents
thus preserved.

It remains for me to mention briefly three projects con-
cerned with chemical records undertaken recently by my own
research group.
* The Archives of Sir Edward Frankland: In 1962 Pearce
Williams wrote of “a trunk in an attic containing unpublished
letters from Darwin, Huxley, Kolbe, Pasteur and a host of
others ...” unfortunately not available to the scholar (3). I
believe he may have been referring to the letters of the English
chemist Sir Edward Frankland. The family who owns them
have shown an understandable reluctance to accept intrusion
by unknown scholars, but eventually were prepared to allow
them to be microfilmed in their own home. Detailed examina-
tion revealed hundreds more letters than had previously been
suspected, and subsequently three other collections were dis-
covered, all in private hands. Nearly 4,000 documents have
come to light. To identify, catalogue and (eventually) micro-
film them became a major objective of the research group at the
Open University (4).

Frankland was one of the leading chemists of the United
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Kingdom in the 19th century, yet he is largely unknown today.
The archives reveal the reason: a dark secret of illegitimacy
precluded him from giving personal interviews and he re-
mained an excessively shy, very private person. To this day no
biography has appeared, and only now is the material for such
aworkavailable to scholars. YetFrankland knew most leading
scientists of his day, and was a member of the ACS and many
other chemical bodies. Surviving correspondence includes 29
letters from Darwin.

Frankland was renowned for his work on water analysis,

and his chemical analyses of drinking water fill many volumes
of notebooks and occupy many letters. His work as an educator
isrepresented by several sets of lecture notes, while correspon-
dence with Kolbe and others throws much new light on his
changing views on valence, structure and theoretical organic
chemistry. Quite apart from technical material, the letters
reveal his role in scientific politics and open up new ways of
understanding the fine structure of Victorian science.
*  Archives of the British Chemical Industry: In 1981 the
Annual Conference of the British Records Association was
concerned with scientific records. It became apparent that no
systematic survey had ever been undertaken of those relating
to the British chemical industry. The next year a Research
Fellowship was set up by the Open University to deal with this
problem and in due course Dr. Peter Morris was appointed.
Suitable publicity in the press was followed by a protracted
campaign of letter-writing to all known chemical firms and to
all likely holders of archives (5). The years from 1983 to 1986
were devoted to fieldwork. In the following two years com-
pany histories were compiled and checked. In 1987 Dr. Morris
rejoined us (as Royal Society/British Academy Research Fel-
low) and publication soon followed (6).

The responses from industry were diverse, though they
were usually improved when our intention was understood of
limiting our search to the years before 1914, In a few rare cases
we were welcomed with open arms, usually by the few very
large firms that already had their own archives in good order.
More commonly we were given a cautious welcome, being
given to understand that this was a special privilege not ac-
corded to the general public. In some cases denial of access
was absolute, and we could expect no exceptional treatment.
And there were some companies who cheerfully denied having
any archives, and (in a few cases) of ever having had any!

The results were as delightfully diverse as the responses
had been. In all about 120 institutions were identified as
archives holders (Record Offices, libraries, firms, etc.). Nearly
1000 constituent companies made some appearance in the 180
company entries that eventually constituted the bulk of our
report. All manner of documents emerged, including labora-
tory books and inventories. Amongst the latter was a sales
catalogue for an immense calico-printing works at Catterall in
Lancashire, almost the only technical evidence of its scale; at
the other extreme was the firm of H. Ogden (Sunderland),

Sir Edward Frankland

which had "a copperas bed, metal stills, coolers, acetic acid
stills and condenser, a three-chaldron boat and one useful cart-
horse!"

Then there were all kinds of plans and maps, legal docu-

ments (not merely about injunctions against pollution), adver-
tisements, pamphlets, broadsheets, diaries and, of course,
innumerable letters. We were particularly glad to discover a
set of student lecture notes, taken by Peter Spence in 1854,
from a course delivered by Edward Frankland at Owens
College, Manchester.
* Industrial Archaeology of the Chemical Industry: At a
time when industrial archaeology is attracting increasing at-
tention, it may seem surprising that little has been done on the
chemical industry. Our archivesresearchrevealed anumber of
surviving buildings in the United Kingdom, some still with
their original function, but most now put to other uses. In some
cases restoration is an urgent necessity. Although we have
identified about 20 sites in Britain, much more must remain to
be discovered and there is a pressing need for systematic cata-
loguing. If the research is broadened to include university and
private laboratories, it would be the first comprehensive at-
tempt to identify surviving "temples of chemistry”, and even
then in one country only. This is clearly a task for the future,
perhaps through a new research fellowship.

We have, however, made some progress in locating old
chemical plants. In connection with an undergraduate course
(Science and the Rise of Technology from 1800) it was resol-
ved to assemble existing archive film of chemical processes
that were once of great importance. We had some success, for
example, a revolving furnace from the Leblanc process and
early shots of potash plants on Merseyside. But there was
nothing like enough material for our purposes. So, in some
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desperation, we enquired whether any such processes had
themselves survived into the 1970s. To our surprise, the result
was positive. Since no one else had ever filmed most of them
we decided to do the job ourselves (through the BBC) (7).

So there is now on record the last example of the puddling
process for wrought iron (at Bolton). On the subject of
explosives manufacture students were able to “visit” Waltham
Abbey and the plant where gunpowder had been made for
centuries, Nobel’s original Scottish site at Ardeer, an early
nitration plant for TNT, etc. in Galloway, and to witness an
actual laboratory nitration of glycerol.

We were better pleased to find important relics of the coal-
tar chemicals industry: some coke ovens from the early 19th
century survive at Gateshead, as do a few men who once
operated them; at Falkirk are some of the first tar-stills, and in
Derbyshire an early nitration plant. And in a remote part of
southwest Scotland was acoal carbonisation process still in use
with hori-

tion plant in a year or two. In each case we were just in time.
How much more we might have accomplished had we started
five years earlier will never be known. In whatever success we
may have had, and still more in our failure, is a sombre
illustration of both the richness of our chemical heritage and of
the urgency with which problems of conservation and record-
ing must be addressed.
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But perhaps our greatest pleasure came from discovering
and filming the world’s last example of a process that was the
foundation of Victorian Britain’s economic prosperity: the
lead chamber process for sulphuric acid. We discovered this
survivor at Seaton Carew, on a windswept coast in northeast
England. Never filmed before, the process yielded its secrets
as the camera crew swarmed all over the plant: furnaces, Gay
Lussac and Glover towers, the vast leaden chambers (including
interior shots of one under repair); distant views conveyed
something of its immense scale, as well as of the desolate
landscape around; spoil heaps enabled us to trace changes in
raw material and waste products; interviews with past and
present staff gave the personal dimension; and in a ruined
cottage were discovered invaluable plans of the whole site (8).

Within a few months of our filming, the Seaton Carew plant
was closed down. The same fate befell the old coal carbonisa-
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Dr. Colin Russell is Professor of the History of Science and
Technology at the Open University, Milton Keynes, MK7 6AA,
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THE RISE AND DECLINE OF THE
BRITISH DYESTUFFS INDUSTRY:

An Object Lesson for American Industry

Martin D. Saltzman anu Alan L. Kessler,
Providence College

The aphorism that those who do notremember the past are con-
demned to live it again is an often quoted warning from the
writings of George Santayana. This paper will attempt to
illustrate this adage with two examples, one having historical
and the other having contemporary significance. We will
examine the rise and very rapid decline of the British synthetic
dyestuffs industry as the historical example and the current
dilemma of the American semiconductor industry as the con-
temporary example. Both industries were pioneers in the
application of chemistry (organic in the former and solid state
in the latter) to the development of entirely new technologies.
Although our analogy may not be perfect, it is hoped that our
study will elicit an awareness by the reader of the fact that
history may indeed repeat itself.

The birth of the synthetic dye industry represents a classic
example of serendipity in chemistry. During the 1856 Easter
holidays William Henry Perkin (1838-1907), a student at the
Royal College of Chemistry in London, working with its
director August Wilhelm Hofmann (1818-1892), produced the
first synthetic dyestuff - mauve or mauveine (19). Attempting
to produce the drug quinine in his home laboratory by the
oxidation of allyl toluidine with potassium dichromate, Perkin
obtained a dirty reddish brown precipitate instead of the
desired product. Persisting in his belief that quinine could be
synthesized from aromatic amines, Perkin next oxidized
commercial aniline, which was a mixture of aniline and tolu-
idine. Thisresulted in a purple solution. Itis atestimony to the
keenness of Perkin’s mind that he was able see the potential of
this reaction mixture as a dyestuff - a potential which was

William Henry Perkin at age 28

confirmed when he sent some samples of silk that he had dyed
with the mixture to Pullar & Sons, of Perth, Scotland, a silk and
calico dyer. Thus, quite by chance, the synthetic dyestuffs
industry was born and along with it the aromatic chemical
industry.

In retrospect the dye industry is the first example of a
science-based industry. As Raphael Meldola stated in 1886

(1):

The successive steps in this development ... [furnish] ... us with one
of the most striking illustrations of the utilization of scientific discov-
ery for industrial purposes, and the reaction of industry upon pure
science.

What were some of the factors that were operative in
Victorian Britain that led to the development of the dyestuffs
industry? This era in British history was one of technological
breakthroughs in many industries, such as machinery for the
production of textiles and for mining. The acquisition of
wealth by investing in the exploitation of natural resources was
aroute that was taken by many entrepreneurs of the day. The
dyestuffs industry exploited a product known as coal tar which
was produced in great abundance by the gas industry but which
had little if any value. A large textile industry based upon
imported cotton and wool was already in place which could
readily absorb the products produced by the synthetic dye
industry. Prior to Perkin’s discovery, this industry used dyes
which were almost exclusively obtained from natural materi-
als, most of which had to be imported at great expense. In 1856
the figure of two million pounds sterling in real value has been
given for these imports. Finally, educational institutions at this
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time were geared to the development of technologically based
industries. As Travis has written (2):

... the environment (of practical men) provided problems to solve as
well as the raw materials to be studied (by scientific men), and the
educational institutions could only attract students if they offered
adequate opportunities to acquire work-related skills, especially those
required in the nearby area.

Perkinreceived a patent on 26 August 1856 for his new dye
and with his father and brother established the firm of Perkin
& Sons for the commercial production of the purple aniline
dye. To convert a laboratory discovery into a commercial
product was a major problem that had to be solved. The
difficulties involved were many, such as securing sources of
benzene from coal tar, developing a commercial-scale nitra-
tion procedure, as well as adapting to an industrial scale the re-
duction of nitro-
benzene by iron
filings firstdiscov-
ered by Béchamp
in 1854 (3).

These prob-
lems were all
solved and produc-
tion of the dye
which  Perkin
called Tyrian
purple began at a
plant built at
Greenford Green
westof London. In
December of 1857 the first delivery of the new dye was made
to the silk dyer Keith located in the Bethnal Green section of
London. The dye was an instant success, especially in the
fashionable circles of Parisian haute couture where it acquired
the name mauve. In a period of less than 18 months, a
laboratory discovery had been converted into a commercial
product!

As shown in Table 1, in the next decade chemists in both
Britain and France, by using various analogs of aniline and
oxidation procedures, were able to produce a whole range of
colors. Commercially the most significant of these was ma-
genta. The reasons for this rapid advance were outlined by
Perkin in 1868 (4):

... to introduce a new coal-tar colour after the Mauve was a compara-
tively simple matter. The difficulty in the manufacture of all the raw
materials had been overcome, as well as the obstacles in the way of
practical application of an aniline colour to the arts.

These discoveries also spawned a whole host of competitors
for Perkin & Sons, among which the best known were Simp-

The Greenford Green Works in 1858

Table 1. Early evolution of aniline dyestuffs

Magenta 1859
Violet Imperial 1860
Bleu de Lyon 1861
Chrysaniline Yellow 1862
Aniline Black 1863
Methyl Violet 1866

son, Maule & Nicholson in Britain and Renard Fréres in
France.

The development of a commercial synthesis of the natural
dye alizarin in 1869 marked the zenith of the British dye
industry. Independently, Perkin in England and Heinrich Caro
(1834-1910) in Germany devised a procedure to produce this

natural dyestuff.
Alazirin is an an-
thraquinone, the
structure of which
had been eluci-
&5 L dated in 1868 by
T two students of
Adolf Baeyer,
CarlGraebe (1841-
1927) and Carl
Liebermann
(1842-1914).
Graebe and Lieber-
mann took out a
patent and as-
signed it to BASF, where Caro was able to make it into a viable
commercial process. Caro had worked in the British dye
industry from 1859-1866 during the heyday of the rapid devel-
opment of aniline dyes and had returned to Germany to become
technical director at BASF. At the same time, Perkin devel-
oped a four-step process for the synthesis of the dye starting
from anthracene which involved chlorination, sulfonation,
oxidation, and alkali fusion. ‘

In 1874, as alizarin production was reaching its peak of 435
tons, Perkin & Sons was sold to the firm of Brooke, Simpson
& Spiller, the largest dye manufacturer in Britain at that time.
However, in this same year at BASF and Hoechst in Germany,
alizarin production was already 1000 tons a year. Perkin
realized that to compete with the newly-emerging German
industry he would have to greatly expand his plant at Greenford
Green. This was physically impossible so, instead, he and his
brother sold out and Perkin withdrew from further active
involvement in the dye industry, though not from chemistry. It
has been argued by Travis that by 1870 Perkin was out of touch
with what was happening in aromatic chemistry, and that he
flourished in an environment which adapted technology to
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aromatic chemistry rather than the reverse, as exemplified in
the approach of Caro (5). This may have also contributed to his
removal from the business.

As Perkin was ending his active involvement in the dye
industry,anew classof dyes known as the azo dyes was coming
on stream. This class of dyes represents yet another example
of where the original discoveries and production occurred in
Britain but the advantage was soon lost to the emerging
German industry. The diazotization reaction was discovered
by the German chemist, Peter Griess (1829-1888), who spent
the better part of his life working in England. Griess had been
one of Hofmann’s assistants (1858-1861) at the same Royal
College of Chemistry where Perkin had received his training.
In 1861 he took up employment as a brewery chemist and
pursued his research in organic chemistry as a hobby. It was
during this early period of Griess’s work at the Allsop brewery
in Burton-on-Trent that he discovered the diazotization
process.

The first azo dye, called aniline yellow (p-aminoazoben-
zene), was formed by the coupling of the diazonium salt with
aniline and its subsequent rearrangement. It was marketed in
1863 but did not prove very satisfactory in its application. Karl
A. Martius (1838-1920), another German chemist working in
Britain at Roberts, Dale & Co. in Manchester, produced the
first successful commercial azo dye, Bismarck Brown, in 1866
as the product of the diazotization reaction of m-phenylenedi-
amine instead of aniline. Another decade would pass before
further azo dyes would appear. Caroin Germany and Otto Witt
(1853-1915), another German working in Britain, produced
simultaneously an orange azo dye called chrysodine.
Chrysodine is the coupling product of m-phenylenediamine
and benzenediazonium chloride.  Thus we have seen that
three of the most important classes of dyes were initially
discovered and put into production in Britain in a period of
about two decades. Yet by 1881 the distinguished British
educator and chemist, Henry Enfield Roscoe (1833-1915) of
the University of Manchester, would lament that (6):

To Englishmen it is a somewhat mortifying reflection that whilst the
raw materials from which all these coal-tar colours are made are
produced in our country, the finished and valuable colours are nearly
all manufactured in Germany.

By that year 50% of all dyestuffs were being made in Germany
and by 1900 the figure would be 90%.

What were the factors that led to the decline of the British
industry and to the development of such a dominant position
by the German industry? They can be roughly classified as
“external” - over which the British dye industry and chemical
community had little control - and as “internal” - over which
some degree of control existed.

The first of these, the external factors, were due largely to
the lack of any kind of unified British industrial policy that

would have fostered the dye industry and to a patent law that
actually worked against it. The laissez-faire economic policy
that pervaded Victorian Britain did little to protect domestic
industry and all that was important was that the textile indust-
ry continue to obtain its dye requirements. The role of the state
was not to help domestic industry compete with imports. In
1902, Ivan Levinstein (1845-1916), one of the most vocal of
the dye manufacturers, complained that it was “difficult to get
the House [of Commons] to consider any question of commer-
cial importance” (7). Indeed, if the Germans could supply all
that was required at a price less than domestic manufacturers,
then all the better. This of course led to a rapid decline in the
number of dye manufacturers after the 1880s and to a virtual
end to technological development in the industry in Britain.

The dimensions of this decline can be seen in the number
of British patents taken out between 1884 and 1900 by the six
largest British and German firms. The number is 86 for British
firms versus 948 for the Germans. By 1900 the six largest
German firms employed 500 chemists whereas the British had
a meager 35. Only with the advent of the First World War,
when dyestuffs from Germany were no longer available,
would the magnitude of the decline of the British dyestuffs
industry clearly be seen. Then only reluctantly did the govern-
ment intercede to try to rescue an industry that had basically
collapsed under foreign competition.

The patent laws also played a role in the decline. There
were no effective patent laws in Germany in the 1860s when
the aniline dyes and alizarin were the major products. German
firms were free to manufacture these dyes using information
from the British patents. Even the new class of azo dyes were
pirated; chrysodine for example, was copied by Martius at
Agfa. Heinrich Caro best summarized this early period in the
German industry, when he wrote (8):

It was a joyless and profitless industry in those early years. Itimitated
the most valuable English and French inventions as described in the
patent specifications ...

With the development of industrial research laboratories in
Germany, the need for an effective patent law became evident.
A patent law to protect the investment which various firms
made in research was enacted for the whole German Empire
and put into effect on 1 June 1877. This law was enacted only
after input from a committee of the German Chemical Society
as well as from the leading industrialists of the day. The law
was rigorous, requiring that claims made for the product be
valid, and thus, whena patent was granted, it became a valuable
commodity. As R.D. Welham observed (9):

... there can be little doubt that the lack of a patent law, followed by
the large profits to be made from the manufacture of magenta and
alizarin, created the conditions for the rapid expansion of the German
industry after its retarded start.
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The patent laws in Britain were less strict and thus made it
very easy for the Germans to patent large numbers of dyes. In
addition, nothing required the patent holder to manufacture the
product or, for that matter, to license its production in Britain
to firms willing to meet the expenses of start-up and marketing.
With the advent of the German industrial research laboratory
and various types of new dyes, the patent laws led to a virtual
monopoly by the Germans in the British market. Reform of the
patent laws occurred in 1883 but was totally ineffective in
terms of its working clause. The law was proposed without any
input from the chemical industry and the clause requiring a
patent holder to manufacture the product or license it was
easily evaded. Even if a strict working clause had been
included, it would have forced the Germans to set up plants in
Britain where the raw materials were readily available. This
would have done nothing for the domestic industry as a whole.
A good analogy are the inroads made by Japanese manufactur-
ers of automobiles, consumer electronics and machine tools in
the United States. Although this is not the result of any patent
law, it is still analogous in the sense that these foreign-owned
firms manufacture in the U.S. to avoid loss of their market due
to quotas and are now competing directly with domestic firms.

An effective patent law was finally passed in 1907 but it
was essentially of little value to a dye industry which was
already in terminal decline. The point can be made that even
if compulsory licensing had occurred, it would have made little
difference. German firms could have offered their products at
prices much lower than the British licensee since the German
industry was so much more modern and efficient by this time.

The most significant internal factor for the decline was the
British educational system. Although there was probably no
shortage of trained chemists in Britain throughout the period
between 1856-1914, it was the type of training that was at the
center of the problem. Institutions of higher education moved
further and further away from aconcern with practical research
and became more and more involved in doing work which
advanced the science of chemistry rather than the industry.
Training of chemists tended to focus on the ability to perform
research rather than on vocational training. The attitude taken
by the dye industry toward this training was a major factor in
its decline. British manufacturers were terribly short-sighted
in terms of the value they placed on long-term research versus
short-term profitability. In the early days of the industry, when
Britain was in an almost monopolistic position, the profits that
accrued were quite large. There was then a great reluctance to
see that growing competition was going to end these easily-
made profits and that profits must be plowed back in the form
of research and development. The Germans, on the other hand,
were quite willing to do this, just as the Japanese are today.

British manufacturers agitated not for better research train-
ing but for better technical education. They wished newly
employed chemists to have a working knowledge of the dye
industry so they would not have to pay salaries for what they

considered an excessive period of time before these persons
would become productive. A Royal Commission set up to
study technical education reported in 1884 that (10):

The Englishman is accustomed to seek for an immediate return and
has yet to learn that an extended and systematic education up to and
including original research is now a necessary preliminary to the
fullest development of industry.

Another major fault of the English educational system was
the way in which it trained its managers. A general classical
education which completely neglected any training in the
sciences was the norm. Many people who became involved in
the more technical aspects of the business were woefully
inadequate for the job. The Germans had a superb system of
education, particularly on the secondary level, that included
science and mathematics. This produced the type of person
who could run the technical service departments and take
charge of the routine control of processes to produce a consis-
tently high-quality product. In general the Germans were
better suited to realize the problems of the industry and were
more responsive to the concerns of manufacturers than were
the British.

In Britain the early retirement of Perkin at age 38 and
Edward C. Nicholson (1827-1890) at age 41 deprived the
industry of two manufacturers who had started their careers as
chemists. Nicholson was also a student of Hofmann at the
Royal College of Chemistry and had discovered magenta.
Both realized the necessity for the reinvestment of profits in
continuing research with the chance that it might ultimately
pay off. With the loss of persons of this type the industry was
run by those who were primarily businessmen. It was far
different in the German industry, as many of the early dye
pioneers, several of whom, like Caro, Martius, and Witt, had
worked in Britain, eventually came to hold managerial posi-
tions with the large German companies set up in the 1860s and
thereafter.

Inretrospect, perhaps the ultimate reason for the decline of
the British industry and the success of the German industry is
to be found in the contrasting attitudes of the two societies
toward science, education and their roles in the industrial well-
being of the nation. Ivan Levinstein, that perceptive observer
of the industrial decay that infected Britain in the latter part of
the 19th century, best expressed this thesis in an address given
in 1886 (12):

The development of industrial enterprise in this country has for the
last 30 years been practically confined to cotton, wool, iron and coal,
to the lamentable neglect of other industries of apparently minor
importance, while the chemical industries have been left in the hands
of a few who - often more by good luck than through intelligent and
economical management or scientific attainments, but aided by the
natural wealth of the country - have carried on the business more or
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less successfully, whilst outside of these few the general public was
in profound ignorance of industrial chemistry. Hence the total want
of enterprise in this direction on the part of the nation, owing to an
insufficient appreciation of the importance of the chemical industries;
the consequent apathy and the absence of any intimate connection or
intercourse between our scientific men and our manufacturers; and,
finally, the very great facility with which fortunes had been made in
years gone by in what were then considered staple industries.

Certainly just the opposite characterized the newly emergent
united German nation (13).

Turning to our contemporary analogy, we will now review
the American semiconductor industry.

The initial discoveries and commercialization in semicon-
ductors were a purely American achievement. In 1947 Wil-
liam Shockley (b. 1910), John Bardeen, (1908-1991) and
Walter Brattain (b. 1902) at Bell Laboratories produced the
first transistor which gave birth to the industry. The transistor
allowed for the magnification of electronic messages using
less current and producing less heat than the conventional
vacuum tube. The longer life, smaller size, and greater relia-
bility of this device led to its rapid commercialization after the
initial problems in manufacturing were overcome. By 1956
there were already 20 companies making transistors, all of
them located near Palo Alto, California in what was to become
known as “Silicon Valley”. This concentration was the result
of William Shockley starting his own company after leaving
Bell. Shockley had been raised in Palo Alto and had attended
Stanford University. The university had started aresearch park
on its property, and also Arnold Beckman was willing to invest
in Shockley’s company (14). Shockley hired eight very
promising young men from the east coast who went on to
found such companies as Intel, Fairchild Semiconductors,
National Semiconductors, and Advanced Microsystems.

During the early years of development, 1947-1958, the
American semiconductor industry was the world leader in both
innovations and production. The industry was dominated by
large vertically integrated producers, like IBM and AT&T, but
merchant firms, like Texas Instruments and Fairchild also
entered the market during the 1950s. Merchant firms sell their
entire production on the open market. It is important to note
that these two merchant producers were among the most
important contributors to the industry’s early growth and
technological advance. For example, Texas Instruments came
up with the silicon junction transistor (1954), the diffused
transistor (1956), introduced the integrated circuit (1958), and
Fairchild invented the planar process (1959).

The Department of Defense provided large amounts of
money for the early development of transistors, and both the
military and NASA stimulated the industry’s growth through
procurement and contributions to research and development.
This provided firms the needed capital to take on high-risk and
costly ventures, and created an important market for domestic

William Shockley (seated), John Bardeen (left)
and Walter Brattain (right)

semiconductors. The result was a greater incentive for firms to
innovate and introduce new techniques. Direct U.S. govern-
ment support for R&D and production refinement between
1955 and 1961 amounted to $66.1 million.

During this same period, the Japanese semiconductor in-
dustry consisted almost exclusively of vertically-integrated
producers, such as Nippon Electric, Hitachi, Toshiba,
Matsushita, Mitsubishi, Sony, and Fujitsu. While the Japanese
were generally slow to innovate, Sony in 1955 did introduce
transistor radios. From the beginning, the consumer market for
electronic goods was the principal market for semiconductors.
Japanese exports to the United States of transistor radios and
black and white television receivers grew rapidly in the 1950s
and early 1960s. By 1958, the Japanese had already become the
second largest producer of semiconductors in the world, but
the U.S. maintained an enormous lead over all other countries.
Both the U.S. and Japanese semiconductor industries were in
a constant trade surplus during this period.

While the Japanese government did not provide direct aid
to the industry, it did enact policies aimed at supporting the in-
dustry’s growth. The government regulated foreign invest-
ment; it protected the infant industry from entry by foreign
firms; it encouraged cross-licensing agreements with U.S.
companies; and it ensured that Japanese firms had to hold over
50% of the capital in joint ventures. Thus, Japanese firms had
sole access to the domestic market and could take advantage of
the low cost of labor.

In 1958, a new period in the semiconductor industry began
with the introduction of the integrated circuit by Texas Instru-
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ments. An entire circuit could now be placed on a silicon
wafer. The demand for digital integrated circuits grew rapidly
due to their use in computers and telecommunications. The
planar process (1959) allowed integrated circuits to be pro-
duced by means of large-scale production techniques, thereby
lowering production costs and improving reliability. Because
the process could only be applied to integrated circuits made of
silicon material, silicon replaced germanium as the primary
material used for semiconductor devices.

If we consider the period from 1958-1971 (1971 being the
year the microprocessor was produced), the U.S. remained the
largest producer and consumer of semiconductors in the world.
Forinstance, in 1969, 55% of the world’s semiconductors were
supplied by the United States (15). The U.S. also remained the
world’sleading innovator, with merchant producerslike Texas
Instruments and Fairchild, along with Motorola, holding the
largest shares of the U.S. semiconductor market (17%, 13%,
and 12% respectively, in 1966).

Military and space procurement was largely responsible for
the expanding market in integrated circuits during the 1960s.
Of course, the rapid growth in computer demand for both
public and private (business and consumer) applications was
also a major factor in the growth of the semiconductor indus-
try. Somefirms, like IBM, became captive producers, develop-
ing semiconductor components for in-house use only. But
many new producers entered the computer market, and this
resulted in a growing demand for integrated circuits.

The Japanese had devoted considerable amounts to R&D
onintegrated circuit technology, beginning as far back as 1960.
But mass production of integrated circuits lagged behind the
U.S. industry because the Japanese remained committed to the
use of transistors for their consumer electronics market. In-
deed, large imports of integrated circuits into Japan created a
trade deficit in semiconductors after 1967; however, this was
short-lived. During the 1960s the computer market in Japan
was small in comparison to the consumer market, so there was
no great demand for integrated circuits for use in computers.
This was to change in the 1970s. The government during the
1960s protected the Japanese semiconductor market with high
tariffs and by limiting American investments. Only Texas
Instruments was allowed to open a plant in 1968. But even
then, it had to enter a joint venture with Sony, where Texas
Instruments could only hold a 50% share. Further, licenses to
produce integrated circuits had to be given to NEC, Hitachi,
Mitsubishi, and Toshiba, besides Sony. Also, Texas Instru-
ments could not hold larger than a 10% share of the Japanese
market. By protecting its two infant industries - computers and
semiconductors - the Japanese laid the groundwork for suc-
cessful competition with the U.S. in the 1970s and 1980s.

In 1971, Intel introduced the microprocessor, and the
period of large-scale integration began. A microprocessorisa
single integrated circuit chip whichis capable of performing all
the central processing unit functions of a computer. When

Jack Kilby's original 1958 drawing of the
first integrated circuit

combined with memory and input-output circuits it becomes a
microcomputer. World demand for semiconductors grew atan
11.8% annual rate between 1973 and 1982, with the demand
for integrated circuits growing at a 15.7% rate. Integrated
circuits encompass a wide range of product types, including
logic devices, memories, and microprocessors, which has
allowed the United States and Japan to compete in a number of
different areas.

‘While most innovations in the semiconductor industry still
occurred in the United States, by the early 1980s the American
industry was faced with a highly competitive Japanese indus-
try. The Japanese had made progress in both product and
process technologies and were challenging the U.S. industry in
specific product memory chips. By 1978, the U.S. had a trade
deficit in semiconductors, while the Japanese found them-
selves with a growing surplus. Due to the increasing role of
semiconductor technology in the electronic and computer
industries, as well as the importance to national security, the
following discussion will center on how the Japanese came to
challenge U.S. dominance in semiconductors.

The Japanese have always been quick to copy or adapt new
technology and products, and to foresee the marketing possi-
bilities of semiconductors. For example, during the 1970s,
while the American industry first developed metal-oxide semi-
conductor technology and produced watches and calculators
with these circuits, it was the Japanese who saw the potential
and moved rapidly to take advantage of these burgeoning
markets. Furthermore, the Japanese industry has introduced
new products, such as high electron mobility transistors, opti-
cal fibers, and long-wavelength semiconductor lasers.

Japanese semiconductors are produced not by relatively
small merchant producers, but mostly by large electronics
firms manufacturing consumer products, computers, etc. These
vertically integrated producers can raise capital more easily
and at lower cost than can a smaller, specialized firm, and some
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of their semiconductor products are then allocated for end-
product use.

The growth of the computer industry in the 1970s stimu-
lated demand for digital integrated circuits and particularly for
memory devices. Computer firms, like Hitachi and NEC,
integrated vertically into the production of memory devices.
The data in Table 2 compare the position of the Japanese
versus the American semiconductor industries through the
early 1980s in terms of memory chips (16). In the early 1980s,
four of the ten major semiconductor firms in the world were
Japanese, with NEC and Hitachi ranked 3rd and 4th in 1982 in
terms of world market share. In 1989, six of the top ten were
Japanese (NEC, Tashibu, Hitachi, Fujitsu, Mitsubishi, and
Matsushita) and only three were American (Motorola, Texas
Instruments, and Intel). In the same year, the U.S. had a 35%
share of world semiconductor sales, while Japan had a 52%
share; also the Japanese semiconductor market had overtaken
the U.S. market and was now the largest in the world. Even in
the area of microprocessors, peripherals and microcontrollers,
seven Japanese firms rank among the world’s top ten suppliers
(1987) (17).

‘What are some of the factors responsible for the growth of
the Japanese semiconductor industry? Perhaps the foremost
factor is that by the early 1970s the Japanese had a consistent,
well-coordinated industrial policy. The Japanese Ministry of
International Trade and Industry (MITI) was responsible for
creating and implementing this cohesive industrial policy. The
semiconductor industry was designated a strategic industry
deserving of support. There has never been such a policy in the
United States or, as we have seen, in Britain in the 19th century.

By providing money for R&D, restricting foreign imports,
and emphasizing the development of the computer and tele-
communication industries, domestic semiconductor produc-
tion became highly successful. MITI provided interest-free
loans to help develop “very large system integration” technol-
ogy, and helped coordinate joint R&D ventures among Japa-
nese firms. Research projects are ranked according to priority;
only those projects deemed feasible and essential to Japan’s
technological development are undertaken. The policy is
formulated in close consultation between industry and govern-

Table 2. Japanese share of world computer memory chip market

Chip Type Date Percentage
1K RAM early 1970s 0
4K RAM mid 1970s 12
16K RAM 1979 40
64K RAM 1981 70
64K RAM 1984 54
256K RAM 1984 90

ment, and its goals are dependent upon both technological and
commercial requirements. Since the 1970s some $1 billion has
been allocated to various research projects. Besides direct
subsidies, the Japanese have benefited from tax credits for
research, tax incentives for investment, loans to high-priority
industries at lower than market interest rates, import duties,
quotas, and controls on foreign investment and technology
acquisitions.

It should be noted that tariffs and other restrictions on
foreign investment were all but eliminated by 1987, due in
large part to U.S. pressure for the Japanese to open their
domestic market. Also, government financing has declined in
recent years, as private banks and institutions became eager to
loan needed funds to semiconductor firms. Therefore, today’s
industrial policy inJapan is directed primarily at improving the
competitive position of the industry, and seeing to it that the
semiconductor industry can respond to a changing economic
and technological environment.

In terms of technology, while virtually all of the break-
throughs in the semiconductor area were as a result of U.S.
firms engaged in research and development, the Japanese have
made important strides in process technology as did the Ger-
mans in the dye industry in the 19th century. For example, the
Japanese firms moved towards greater automation well before
American firms, the results being lower costs and greater
quality and reliability of semiconductors. Due to Japan’s
employment practices, which ensure lifetime employment,
workers more easily accept automation as a way of increasing
productivity, unlike U.S. workers who see automation as a
threat. Thus, Japan has been able to achieve aquality edge over
the U.S. in production, assembly, and testing. Given the long-
term relationship of the Japanese worker to the firm and his
commitment to the firm’s success, this has led to better
communication between labor and management, managerial
efficiency, teamwork, and higher productivity.

For a number of years, American firms have accused
Japanese producers of predatory pricing, that is, “dumping”
semiconductors, especially memory chips, in the United States
at prices below per unit average costs. The result has been to
drive American firms from specific product markets, and in
some cases out of business. However, this is difficult to prove,
as the low prices may be justified due to the so-called learning
curve. Many British manufacturers were also driven out of
business due to cheap German imports. In 1986 American
firms did accuse the Japanese of pricing below cost, and the
Japanese agreed to raise semiconductor prices. However, in
1987 the Japanese were accused of going back on the agree-
ment.

We need to make one final point on technology. A great
deal of Japanese success can be attributed to licensing agree-
ments and second sourcing with U.S. companies. Thisis where
Japanese manufacturers are licensed to produce and sell U.S.
designed devices (memory chips, microcontrollers, etc.) so as
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to guarantee customers adequate supplies at fair prices, and to
better market a device. The consequence, however, has been
to allow the Japanese to produce products of higher quality and
at lower cost than that of the U.S. and thus improve their own
competitive position.

The savings rate in Japan has remained consistently higher
than the U.S., well over 20% of GNP in the postwar years.
Coupled with a cost of capital almost three times higher in the
U.S. than in Japan, American companies are at a disadvantage.
The prices of U.S. products are higher and the return on invest-
ment lower than in Japan. Historically, the U.S. firms have
depended on equity financing (stock issues), while the Japa-
nese have chosen debt financing (bank loans and corporate
bonds), as a means to raise capital. From 1967 to 1983, the
average debt-market value ratio was 26% in the U.S. and 63%
for the Japanese. American companies (including all indus-
tries) invest about 1.8% of GNP; the Japanese invest 2.8% of
their GNP. In 1987-1988, U.S. spending on R&D was 3%.
For Japan it was 11%. In fact, five countries spent more of
their GNP on R&D than the United States. For example, from
1972-1980, U.S. semiconductor companies spent between 6
and 12% of their revenues on R&D. Japanese semiconductor
firms, from 1973-1978, spent 16.9% of their integrated circuits
revenue on R&D. U.S. dependence on equity financing causes
companies to put greater emphasis on short-term earnings and
risk-avoidance. Japanese companies, on the other hand, are
willing to take risks on new investment in physical capital, and
can sustain short-term losses in order to attain a larger market
share. As was seen earlier, a similar difference in German
versus British attitudes towards long-term investment contrib-
uted to the decline of the British dye industry.

How has the U.S. responded to Japan’s challenge? Ameri-
can semiconductor companies are working towards achieving
improved technological and cost efficiencies, capital im-
provements, and greater spending on R&D in hopes of devel-
oping a new generation of semiconductor products. Areas of
research include gallium arsenide semiconductors, supercon-
ductivity, and important developments in microprocessors.
American firms have restricted second source production by
Japanese firms, particularly in microprocessors, in order to
increase profits.

Can the U.S. compete successfully in the future? Will
history repeat itself? It may, unless industry and government
form a coordinated approach in which the semiconductor
industry can set long-term goals and where the government
provides subsidies and tax incentives for R&D and capital
formation. An investment tax credit and reduction in capital
gains taxes could stimulate industry growth. Trade sanctions
can also be a useful tool, if used sparingly in order to avoid a
trade war with Japan. Above all, U.S. firms must expand their
technological base and protect new technologies from in-
fringement by Japanese companies. Only by maintaining a
technological edge can American semiconductor firms achieve

success, for “... the Japanese have begun an initiative to build
a superior technological base, which, if it comes even close to
the success of their manufacturing programs, could make them
an unbeatable competitor” (17).
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THE FIRST HALF CENTURY OF
CHEMISTRY AT CLARK UNIVERSITY

Paul R. Jones, University of New Hampshire

In 1987 Clark University observed the centennial of its found-
ing, which was instigated by Jonas Clark (1815-1900), a
successful businessman in Worcester, Massachusetts, where
the institution was to be located. It was created strictly as a
graduate school, with programs first set up in physics, chem-
istry, mathematics, biology, and psychology. G. Stanley Hall
(1846-1924), holding a Ph.D. in psychology from Harvard,
was appointed the first President (1).

Clark University sprang into being just as the 19th century
was coming to an end. This coincided with the peak of activity
in the traditional sciences, including chemistry, in Germany,

The chemical laboratory at Clark, circa 1890

John Ulric Nef

whereas these fields were still in the early stages of develop-
ment in the United States and Canada. Thus it is understand-
able that the graduate programs at Clark were tailored after the
German model. President Hall himself had spent time in
Germany before beginning his Ph.D. His first action, on being
chosen to head up the new university, was to sail for Europe,
where he spent six months establishing contacts with German
professors and evaluating young Americans who were study-
ing there. Both Hall’s personal experiences in Germany and
his hiring of German-trained faculty in all of the disciplines
contributed to the molding of the character of the early Clark
graduate program. It was similar to the program in chemistry
established by Ira Remsen at Johns Hopkins, where Hall had
held the position of Professor of Psychology and Pedagogy
before his selection as the first president of Clark.

Although the university had its beginning in 1887, the
chemistry department came into existence slightly later. By
1890 the chemistry laboratory was completed and the first
faculty member to head up chemistry, Arthur Michael (1853-
1942), was appointed in 1889. He had spent time in several
German university laboratories, though he never earned an
advanced degree. However, his tenure at Clark was fleeting,
lasting only a few months in the fall of 1889, not even long
enough tomake the listing in the university catalog. Thereason
for his abrupt departure was the refusal of Jonas Clark to allow
laboratory privileges for Michael’s wife, also a student of
chemistry. This placed President Hall inan awkward position,
for he had included this promise as one of the conditions of
Michael’s appointment. Michael simultaneously held a teach-
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ing position at Tufts University, where he taught intermittently
during the period 1880-1907, after which he became professor
of organic chemistry at Harvard, though most of his work was
done in his private laboratory in Newton, Massachusetts.

Swiss-born John Ulric Nef (1862-1915), a doctoral student
of Adolf Baeyer in Munich, was Michael’s successor. He and
Michael were to have disagreements on experimental results a
few years later. Nef remained at Clark for only three years,
spending the remainder of his career at the University of
Chicago. He had two Ph.D. students at Clark: Thomas H. Clark
(1892 - no relation to Jonas) and John L. Bridge (1894). Both
carried out research on benzoquinones. Curiously, Bridge’s
thesis, which was completed at Chicago, was written in Ger-
man and carried the title “Ueber die Aether des Chinonoxims.”
One of Nef’s first Ph.D. students at Chicago, Adolf Bernhard,
had been a graduate fellow at Clark in 1892 and followed Nef
to Chicago.

Morris Loeb (1863-1912), with a doctoral degree from
Berlin under August W. Hofmann, served as lecturer at Clark
from 1889-1891 and so overlapped with Nef. He then became
Professor of Chemistry at New York University, a position
which he held until his early death at the age of 49 (2). With
the abrupt departure of Nef, Samuel Mulliken (1864-1934),
already holding the position of graduate fellow (1890-1892),
presided over the chemistry program briefly between 1892 and
1894 under the rubric of “Instructor and Acting Head”. A
doctoral student of Johannes Wislicenus at Leipzig, Mulliken
left for MIT in 1895, where he remained until his death. His
son, Robert Mulliken (1896-1986), received the Nobel Prize in
Chemistry in 1966. While at Clark, Mulliken directed the
Ph.D. thesis of Julius B. Weems (1894) on a project involving
Kolbe electrolysis.

Benjamin S. Merigold

Martin André Rosanoff

Percy N. Evans (1869-1925), another recent doctoral stu-
dent from Leipzig, holding the position of honorary fellow for
1894, might well have succeeded to the head of chemistry, had
the program continued. But a crisis brought on by a severe
shortage of funds and by what some viewed as serious misman-
agement by President Hall led to a discontinuation of instruc-
tion in chemistry. Instead Evans spent the rest of his career at
Purdue.

The early period of chemistry at Clark had lasted only five
years. In that time five faculty or staff had been engaged, and
three Ph.D. students had emerged. The break in the chemistry
program lasted for ten years. No chemistry faculty were listed
in university catalogs from 1895-1902. The first chemistry
faculty designated as “undergraduate” appeared in the 1902
catalog, but graduate faculty emerged again only in 1904.
Charles W. Easley (1876-1929), who held A.B. and A.M.
degrees from Dickinson College, was appointed instructor of
undergraduate chemistry in 1902 and remained at Clark until
1908, when he had completed his own Ph.D. He was joined in
1903 by Benjamin Shores Merigold (1873-1962). Merigold
held A.B., A.M.and Ph.D. degrees from Harvard, where he had
been a student of Theodore W. Richards. First listed as
graduate instructor and then as undergraduate assistant profes-
sor, he had been an instructor from 1900-1903 at Worcester
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Polytechnic Institute. He spent the rest of his career at Clark,
retiring in 1946,

Though Merigold was already on the scene when the
“graduate revival” began in 1907; and though he had both
seniority and a Ph.D., he was not chosen to head chemistry.
Instead the appointment was given to Martin André Rosanoff
(1874-1951), a native of Russia, who had earned an under-
graduate Ph.B. at New York University, very likely under the
tutelage of Morris Loeb. He had spent some time abroad in
Berlin and Paris (under Charles Friedel) and then became
assistant to James M. Crafts at MIT. He earned no advanced
degree but was awarded an honorary D.Sc. by New York
University in 1908. He headed the Clark Chemistry Depart-
ment for seven years (1907-1914).

The result was a renaissance in chemistry for Clark. Ro-
sanoff directed the dissertations of all eight of the students who
earned Ph.D. degrees during his tenure. Though several of the
dissertations concerned classical topics in physical chemistry,
such as the determination of vapor pressures and dielectric
constants, others dealt with what might be called physical
organic chemistry - notably, the role of catalysis in esterifica-
tion and in the inversion of sugars. In his annual report to the
president for 1910-1911, Rosanoff described his work with C.
W. Bacon, on “a complete solution of the eighteen-centuries-
old problem of fractional distillation”, as “the most important
result of the year and probably of many future years.” In the
same year he was awarded the Nichols Medal by the New York
Section of the American Chemical Society. His professional
accomplishments notwithstanding, Rosanoff was fired in 1914
because of difficulty in getting along with other faculty and
administrators. The rest of his career was spent at the Mellon

Institute, at Duquesne University, and as a private consultant
3).

Other faculty were gradually added to the Department
during Rosanoff’s tenure. Robert Harvey Clark (1880-7), a
Canadian with a Ph.D. from Leipzig under Arthur Hantzsch,
held the positions of docent, acting assistant professor, and
finally assistant professor during the 1910-1911 term. He was
followed the next year by William Homer Warren (1866-
1954), who, like Merigold, had received all of his chemical
training (through the Ph.D.) at Harvard, where his mentor was
Charles L. Jackson. After a varied industrial and academic
career, Warren returned to Clark in 1925 as professor of
organic chemistry and remained until his retirement in 1937.

The period of Warren’s absence from Clark was filled by
George Frederic White (1885-1929), who rose through the
ranks to become professor of organic chemistry, retiring in
1925. White,aJohns Hopkins Ph.D. under Harry C. Jones, co-
authored a laboratory manual in inorganic chemistry in 1911
(4) and authored a book on qualitative chemical analysis in
1916 (5). He also published about a dozen papers, either from
Woods Hole or Clark, some coauthored by Clark students, and
one in collaboration with Charles Kraus (see below).

Additional teaching during the Rosanoff era was done by
MIT faculty members Arthur A. Noyes (1866-1936) and
JamesF. Norris (1871-1940), who were listed in Clark catalogs
in the 1912-1914 period as nonresident lecturers.

Rosanoff was followed as head by Charles A. Kraus (1875-
1957), a Ph.D. student of A. A. Noyes at MIT. During his
tenure at Clark (1915-1924), he supervised the thesis work of
17 Ph.D. students, mostly on the behavior of metals and
organometallics in liquid ammonia. Master’s degrees were
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awarded to many students, several of them remaining at Clark
to complete the Ph.D. When Kraus left Clark to head the
department at Brown University, several students went with
him to complete their degrees in Providence. Kraus was
eventually the recipient of the Nichols, Gibbs, and Priestley
medals and served as President of the ACS in 1939.

In 1915, during the interim period following Rosanoff’s
abrupt departure and before Kraus arrived, a Ph.D. was com-
pleted by Elmer A. Harrington, a former assistant in chemistry,
who acknowledged a Professor Webster in Physics as having
suggested the project, which dealt with the dielectric constants
of aqueous solutions.

B. S. Merigold, who had served on the chemistry faculty
longer than any of the remaining colleagues, finally succeeded
Kraus as Director of Laboratories in 1926, a position he
retained until his retirement in 1946. There is no indication in
either the Clark Archives or Chemical Abstracts that Merigold
directed research students or authored chemical publications.

Following the departure of President Hall in 1920, there
was a change in the character of the chemistry department.
Though no Ph.Ds were awarded between 1926, (i.e., shortly
after Kraus’s departure) and 1934, the number of A.M. degrees
inchemistry continued to average four per year throughout this
period. In the next seven-year period (1934-1940), only eight
Ph.Ds were awarded (and only in four of those years), but 20
students earned A.M. degrees. Research was revived some-
what in the period when Warren and Jesse L. Bullock (1889-
?7) were members of the chemistry faculty. Between them they
directed the dissertations for all eight Ph.Ds granted in the
1930s. After earning his A.B. at Harvard, Bullock had spent ten
years in industry before joining the Clark faculty in 1926,
where he remained until his retirement in 1959. He did not
complete his doctoral degree at Harvard until 1932.

Where did Clark graduate students originate? Because it
was founded as a graduate institution, the early students
necessarily came from elsewhere. The three earliest Ph.Ds had
earned baccalaureate degrees at Worcester Polytechnic Insti-
tute, Wesleyan University, and the University of Maryland.
Rosanoff’s doctoral students came from City College of New
York, New York University (his own alma mater), Dickinson
College, Bamard College, and Kentucky State University, as
well as Clark. After the chemistry A.B. was introduced in
1908, Clark undergraduates often continued as graduate stu-
dents. Indeed this became the common pattern during the
Kraus era, with many A.B. chemistry majors continuing at
Clark to complete the Ph.D., though about half terminated at
the A.M. Interestingly, a pipeline from Kalamazoo College
also apparently developed, since one Clark Ph.D. in each of the
years 1920, 1921, 1922, 1924, and 1926 was a Kalamazoo
undergraduate. Almost without exception, the A.M. preceded
the Ph.D., the usual time lapse between the two degrees being
between two and three years (6).

Only two women earned graduate degrees from Clark prior

Charles A. Kraus

to 1940. Lillian Rosanoff Lieber, sister of Martin Rosanoff,
completed her Ph.D. under her brother’s direction in 1914 with
a dissertation entitled “Theory of the Catalysis of Sugar Inver-
sion by Acids.” She became a research fellow at Bryn Mawr
(1915-1917) under J. Barnes, and an instructor of physics for
one year each at Wells College (1917-1918) and at Connecticut
College (1918-1919). She was promoted to Assistant Profes-
sor after one year at Connecticut College but resigned in
August of 1920. Lillian eventually became Professor of
Mathematics at Long Island University, Director of the Galois
Institute of Mathematics and Art, and author of a large number
of popular books on mathematics and relativity theory, all of
them written in free verse and illustrated with abstract cartoons
by her husband, Hugh Gray Lieber. In 1955, she published a
volume of her brother’s collected papers on chemistry contain-
ing a rather uninformative introduction, also written in free
verse (3).

A second woman, Marion Jeanette Sears, earned an A.M.
in 1936. Arthur Michael’s wife, Helen Abbott, whom he
married in 1889, the same year he was appointed at Clark,
might have been the first woman graduate, had she been
allowed laboratory space.

An evaluation of the later careers of all the Clark graduates
prior to 1940, though a worthy goal, is well beyond the scope
of this paper; and a few examples will have to suffice instead.
The first Ph.D., Thomas H. Clark, was briefly an instructor at
Tufts and Clinton Liberal Institute. In 1899 he was appointed
Instructor in Chemistry and Physics at Plymouth State College,
New Hampshire, a position he held for four years. John L.
Bridge (Ph.D., 1894) earned an M.D. at Harvard and became
a physician in Connecticut. Julius B. Weems (Ph.D., 1894)
served as Professor of Agricultural Chemistry at Iowa State
from 1895-1904. In 1915 he became Chief Chemist for the
Department of Agriculture in Richmond, Virginia, where he
remained until his death in 1930.

Charles Easley, Rosanoff’s first Ph.D. student at Clark,



Bull. Hist. Chem. 9 (1991)

19

served on the chemistry faculty at University of Maine, from
1909-1919, and then became Professor of Chemistry at Syracuse
University. One of Kraus’s doctoral students, Charles B. Hurd,
after one-year appointments at Colby College and Trinity
College, began a career at Union College, where over the next
30 years he directed an outstanding undergraduate research
program in colloid chemistry (7).

This historical account of the evolution of the chemistry
department at Clark University has focused on the first 50
years, for which archival information was examined. Despite
a turbulent beginning a century ago, when the stability and
continuity of the department were severely threatened, the
department went on to enjoy periods of professional activity
for which it has earned justified recognition.
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CHEMICAL INDUSTRY IN COLONIAL
VIRGINIA

Will §. DeLoach, Stetson University

In the latter part of the 16th century many Englishmen advo-
cated the founding of acolony in North America, and anumber
of reasons were put forward. These ranged all the way from
extending Christianity to strengthening the defenses of Eng-
land against Spain. Probably foremost in the minds of the
members of the London Company was the discovery of gold
and of adirect route to the South Seas, but it was also hoped that
the new country would supply England with tar, pitch, rosin,
glass, soap-ashes (potash), copper, iron, steel, and wine.

English settlers first landed at Jamestown in May, 1607.
Early in 1608 the “first supply” of about 100 additional settlers,
including a perfumer, was landed. In the fall of 1608 the
“second supply” - including eight Dutchmen and Poles - was
landed. The Dutch and Poles were sent over to establish the
glass and naval stores industries. Evidently they got right to
work, because a few weeks later samples of pitch, tar, glass,
frankincense and soap-ashes (potash) were shipped to Eng-
land. These industries did not survive long, principally be-
cause the colonists were too busy fighting off starvation and the
Indians. Captain John Smith (1580-1631) did not approve of
attempting to establish industries before sufficient food and
shelter had been provided for the colonists. He asked for
carpenters, masons, farmers, fishermen, blacksmiths and
common laborers.

About the time the Pilgrims were landing in New England,
the colonists in Virginia were attempting to revive the glass
works. In 1621 six Italian glass workers came over, primarily
to make beads for use in the Indian trade, but also to produce
bottles, table glass, and other glassware for sale in England.
Great precautions were taken to keep the process secret,
because the beads were the money used in trading with the
Indians and the Company was anxious to keep their value up.
It was emphasized especially that the Virginians must not
know the process. The glass works, located at Jamestown,
escaped the general destruction accompanying the massacre of
1622 and continued in operation until 1624, At that time the
Italian workmen, who were anxious to return to Europe and
who had been sabotaging production by means of slow-down
tactics, wrecked the plant and broke the furnace by striking it
with an iron bar. That ended the manufacture of glass in that
plant. The original site of this glassworks at Jamestown was
located in 1931.

From the beginning, many people had been interested in
locating iron ore and setting up plants for its reduction. One of
the strongest motives for colonization was the expectation that
Virginia would furnish England with plenty of cheap raw iron.
Early on, Smith recognized the adaptability of the colony to
iron manufacture, and in 1609 a quantity of ore was shipped to
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the mother country. About ten years later the first real attempt
was made to manufacture iron in Virginia. An anonymous
benefactor had given the London Company the sum of £550 to
be used in the education of Indian children as Christians. The
Company was anxious to escape this obligation and persuaded
a private group of investors, known as the "Southampton
Adventurers", to accept and administer the gift. This group hit
upon the idea of adding some of its own money and using the
whole amount to set up an iron works and then spending the
return pro rata of the gift on Indiar education. Laborers and
experienced iron workers were sent over, a successful mine
was opened, and the works was built on Falling Creek, seven
miles below the falls of the James River. In 1621 the cost of
setting up the iron works was calculated to be £4000-5000. By
1622 it was confidently expected that within a few months the
works would be capable of shipping large quantities of raw iron
to England. The great Indian massacre of that year ended the
attempt. All of the workmen, managers and their families -
except two children - were killed, and the machinery was
broken up and thrown in the river. It was claimed that the only
practical return on the enormous investment was an iron
shovel, a pair of tongs and a bar of iron. The Southampton
Adventurers were determined to try again, but before they
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could act, Virginia became a royal colony. No sustained
attempt was made to produce iron until about 100 years later,
when Alexander Spotswood (1676-1740) started building
furnaces.

The cultivation of tobacco was started in 1612 by John
Rolfe (1585-1622), the husband of Pocahontas, and the to-
bacco rapidly assumed a dominant position in the economy of
the colony. It was a fine source of revenue for both the planters
and the home government. The Virginians became an agricul-
tural people by force of circumstances - the power of the
English government was used to divert their attention from
manufacturers and toward the cultivation of tobacco. By 1720
the Privy Council was definitely encouraging tobacco and
forbade the colonists to apply their labor to other produce or
manufactures. It rejected a Virginia act for the advancement of
manufactures.

However, early in the 18th century, Spotswood revived the
iron industry and by 1732 there were three blast furnaces and
one air furnace in operation, but no forge. About 100 common
laborers, including women cooks, were required to run a
charcoal blast furnace. In addition, several skilled workmen
were employed, including a founder, a collier (who made
charcoal), a miner, a clerk and a stock-taker. The founder,
collier and miner were paid according to production. A great
wheel, 26 feet in diameter, turned by water power, worked the



Bull. Hist. Chem. 9 (1991)

21

two pairs of bellows that blew the furnace at Fredericksburg -
the air was not preheated. A blast furnace could run about 20
tons per week, and 800 tons per year was considered a good
output. The expense of carting the ore from mine to furnace -
even for one mile - was a heavy one, as was the expense of
carting the pig iron from the furnace to the docks. It was
customary to use eight oxen to draw a 3000 pound load. Atthe
air furnace at Massaponax, Spotswood melted pig iron and cast
pots, skillets, chimney backs, plates for hearths, andirons,
fenders, mortars, etc. for sale in the colony.

The Principle Company of Maryland owned a furnace,
built in 1726, in Stafford County, Virginia, on a plantation of
Augustine Washington, the father of George. In 1750 Virginia
and Maryland together exported 2400 tons of pig iron to
England, of which this furnace produced one-sixth.

In 1768 three Baltimore capitalists bought land in Albe-
marle County and started the Albemarle Furnace Company
with a capital of £2000. Thomas Jefferson was interested to the
extent of £100. Three furnaces were built in the county. It is
quite possible that this enterprise was in anticipation of the
Revolution.
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A setup for the manufacture of charcoal, pitch and tar

In the Shenandoah Valley an iron industry grew up, starting
early in the 18th century. German and Scotch-Irish immigrants
began coming down the valley, where they found beds of iron
ore in the form of hematite. They opened mines, built both fur-
naces and forges, and began making pig and bar iron and pots,
pans and firearms for local use. Many of these small works
endured for some time and were famous for their good crafts-
manship. There are no good statistics for these young indus-
tries until 1781, when Thomas Jefferson stated that two of the
furnaces in the valley each produced 600 tons of pig iron a year.
Bruce (1b) lists 15 furnaces known to have been in action
before the Revolutionary War within the bounds of the present
state of Virginia.

Pitch and tar were produced in small quantities during the
administration of the Company, several Poles having been
brought over for that purpose. It was proposed that apprentices
learn the art and that the industry be built up, especially for the
benefit of the Royal Navy. However, there is no evidence that
these products were made on a scale of importance during the
subsequent history of the colony. About 1700 the only place in
Virginia where pitch and tar were produced in considerable
quantity was in Elizabeth City County and the amount did not
exceed 1200 barrels annually. The industry was carried on
principally by poor men who owned no slaves and who
considered a few dozen barrels per year an excellent output.

The method used was crude: first a circular floor of clay was

laid down and on this were piled pine logs. These were covered
with a layer of dirt and ignited through a small opening left for
that purpose. This opening was then closed and the fire left to
smoulder. As the tar trickled down the clay floor, it was
drained off into barrels by means of a wooden pipe. If pitch was
wanted, the tar was boiled in large iron kettles or burned in
holes made in the clay. There were many attempts to make
potash, and several samples were sent to England, but at no
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time did the production of this commodity develop into an
important industry.

There were scattered attempts to build up a wine industry,
with both native and imported grapes. At several times French
vine-dressers were brought over for the purpose of establishing
vineyards, but for one reason or another they were usually not
successful.

Copper and gold deposits apparently were not worked in
colonial Virginia. Lead was discovered in Wythe County by
a Colonel Chiswell, who worked the deposits until the begin-
ning of the Revolutionary War, when he was arrested for his
Tory sympathies.

Other industries included a salt works at Cape Charles on
the Eastern Shore, and the cultivation of silk from the mulberry
tree. Itis said that Charles II at his coronation in 1661 wore a
robe and hose of Virginia silk (2).

Generally speaking, Colonial Virginia was an agricultural
community. To a large extent, manufactures were still in the
handicraft stage, and most goods were produced for local and
home use. Many of the colonial industries were carried on in
the home. The industrial progress was not great by present day
standards, but of course the conditions of pioneer life must be
considered.
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OLD CHEMISTRIES

Thomas Ewell’s “Plain Discourses on the Laws or
Properties of Matter”

Robert H. Goldsmith, St. Mary’s College of Maryland

Thomas Ewell’s Plain Discourses on the Laws or Properties
of Matter Containing the Elements or Principles of Modern
Chemistry was published in 1806 for an audience of artisans,
farmers and fellow citizens and has been described as a
nontechnical presentation of useful chemical knowledge (1).
This was the first and only edition of a work which was used
primarily in the Southern and Eastern United States in the first
quarter of the 19th century (2). Despite the fact that it was
intended for popular use, it was also used as a textbook at the
College of William and Mary (3).

The book’s arrangement and choice of subject matter
resemble that found in other chemical publications of this time
period, and Ewell admitted that, in writing his book, he had
utilized the chemical works of Thomson, Chaptal and Murray,
as well as numerous quotations from Accum’s works (4). He
also provided an extensive outline, placed a list of definitions
at the end of the text, and stated that he had utilized as few
technical terms as possible, since he felt that the use of such
terms was confusing to the average citizen and irrelevant to an
understanding of the basic principles (5). The text is also
characterized by the lack of utilization of a large number of
divisions and subdivisions and the omission of historical
background on noteworthy chemists and their discoveries.

Ewell’s textis divided into a dedication, a preface, an intro-
duction, 15 chapters (which are called discourses) and a
summary. In the dedication the book was inscribed to Thomas
Jefferson. The introduction presents Ewell’s view of chemis-
try and its value in society. The first discourse deals with
physical and chemical properties, the nature of matter and an
introduction to heat. The second discourse presents views of
light, galvanism and electricity, while the third discourse
describes the composition of the atmosphere and the versatility
of water. The fourth and fifth discourses describe the chemical
nature and uses of common inorganic compounds and the
nonmetallic elements. The sixth discourse focuses on the
elementary earths, while the next two deal with the metals. The
ninth discourse restricts itself to a description of the nature,
production and value of the most important minerals. The
properties, growth and identification of vegetable substances
are well treated in the next three discourses and the thirteenth
and fourteenth do the same with animal substances. The final
discourse introduces nutrition and the technology of dye use.
The author concludes with a brief restatement of basic prin-
ciples.

An examination of the textual material reveals that nearly
all of the subject matter presented is in accord with prevailing
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chemical theory. However, there are several items that reflect
Ewell’s own research efforts and beliefs. Of greatest interest
to chemists are his experimental and theoretical objections to
Dr. Black’s theory of latent heat and his presentation of hisown
version of the caloric theory (6). In support of his theory, he
presented origina! data from experiments designed to show
that, when heatisreleased or gained, there is an equivalent gain
orlossin weight. Ewell asserted that these experiments, which
had been originally published in the Medical Repository and
were later included in a compilation of his works published in
1819, proved that heat was a form of matter (7). Ewell also
presented his own viewpoints on electricity and the nature of
vegetation, and mentioned experiments he had performed with
coal, but without giving any details.

The most interesting aspect of this book is that it is probably
the first American-authored textbook designed explicitly for
the nonspecialist or the common man. In the preface Ewell
makes the following statement (8):

The following plain work I prepared with a view to lessen the
difficulties and to increase the conveniences of the citizens of the
United States, by introducing them to a more intimate acquaintance
with chemistry of the qualities of the substances around them. The
immense advantages, which will result from the general diffusion of
such knowledge, are glanced at in the introductory discourse. These
advantages, I have indulged in the hope, will lead the respectable
farmers and artists, the benevolent editors of publications, particu-
larly the teachers of seminaries, my brethren of the medical faculty,
and the intelligent of every denomination, to favor and promote the
undertaking.

Support for this approach was given in letter which Ewell
received from Thomas Jefferson (9):

Of the importance of turning a knowledge of chemistry to household
purposes, I have long been satisfied. The common herd of philoso-
phers seem to write only for one another. The chemists have filled
volumes on the composition of a thousand substances of no sort of
importance to the purposes of life: while the arts of making bread,
butter, cheese, vinegar, soap, beer, cider and cc. remain unexplained.
Good treatises on these subjects should receive general approbation.

Anotherletter from Bushwood Washington, nephew of George
Washington and Associate Justice of the Supreme Court, also
endorsed Ewell’s approach (10):

I'have long thought that a work upon the plan you suggest was much
wanted by those who form the great bulk of readers on chemical
subjects. [ have not met with a single treatise, which has not appeared
unnecessarily obscured by technical terms, which only scholars can
understand. They have beenmore generally addressed to the compre-
hension of professional and learned men, than to those of the humble
walks of life; for whose use this science might be made most
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essentially to contribute, by adapting it to their capacities and by
pointing out the way by which its principles may be applied to the
more common arts, in which they are daily employed. You will Ithink
do great good to society and much honor to yourself, by executing
such a work as you propose.

This book represents Ewell’s attempt to relate the basic
ideas of chemistry along with useful chemical information on
practical chemical concerns such as gunpowder, glasses, pot-
tery, fertilizers, metallurgy, gilding, inks, sugars, wines and
dyes to the nontechnical citizen in the simplest manner pos-
sible, and it should be noted that his efforts did receive
recognition (11).

Thomas Ewell was born on 22 May 1785 on his family’s
estate near Dumfries, Virginia (12). Detailed information on
his early life is not available but it is known that he studied
medicine with Dr. George Graham of Dumfries and shortly
thereafter with Dr. John Weems in Washington, D.C. His
medical studies were pursued at the University of Pennsylva-
nia, where he received his M.D. in 1805. Among his instruc-
tors at this institution was Dr. Benjamin Rush, one of the first
teachers of chemistry in Colonial America.

Upon graduation, Ewell published his thesis, entitled Notes
on the Stomach and Secretion, in which he carried out one of
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the early studies in digestive biochemistry. His research
focused on the biological effects of gastric juice, emphasizing
its dissolving ability and its potential medicinal value. He
proposed that it might be possible to mix specific drugs, such
as opium, in set doses with the gastric juice taken from a
healthy animal, with the result that the drug would become
more effective. Ewell designed experiments to find out what
would happen if there was an accumulation of blood in the
stomach. One of his major arguments was that colored bile
associated with certain disease states was not formed in the
liver, as was commonly believed, but was formed in other parts
of the digestive system not directly associated with the liver.
His thesis was noteworthy not only because it was one of the
earliest to deal with this topic, but also for the original ideas he
articulated.

Ewell accepted an appointment as a surgeon in the U.S.
Navy on 2 November 1805 and in 1806 took charge of the
Marine Guard at New York. From 1807 to 1813 he was
attached to the Washington Navy Yard. During the latter part
of his appointment he was actively involved in the setting up
and the operation of a powder manufactory near Bladensburg,
Maryland. After his resignation from the Navy, he remained
in the area to take care of the powder mill, which did not
become successful commercially, and to institute a private
medical practice. He left Washington D.C. about 1815 to
return to Philadelphia in order to attend lectures and to pursue
his writing interests, returning again to the District of Colum-
bia in 1819 to practice medicine. There he remained until he
moved to his country estate, “Belleview”, in Prince William
County, Virginia. Subsequently he moved to Centerville,
Virginia, which was his final residence.

Ewell’s interests were focused largely on medical rather
than chemical matters, but his connection with gunpowder
research resulted in the development of several techniques
designed to improve the efficiency and safety of gunpowder
manufacturing. Three patents relating to these techniques
were awarded to him (13). He is believed to be the first
gunpowder manufacturer to use a wheel to incorporate the
gunpowder ingredients. This method was in sharp contrast
with the more dangerous stamp mills that were in use at the
time in this country. His second technique involved the use of
steam to bring about a liquid slush instead of handling a dry
mass. This technique was not used again in the United States
until a Colonel Rains reintroduced it during the Civil War.
The third innovation was the creation of a new granulating
machine of which nothing is known, since the patent records
were destroyed by fire and the advertisements for the machine
contain no specific details about either its design or operation.

Besides his chemistry text and his various articles in the
Medical Repository, Ewell authored several other books. His
book, Letters to Ladies, published in 1817, concerned basic
medical advice for women and children. A compilation of his
previous papers and addresses was published in 1819 as
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Statement of Improvementsin Medicine. His American Family
Physician, published in 1824, was a popular guide to medical
treatments. He also edited the first American edition of David
Hume’s Philosophical Essays on Morals, Literature and Poli-
tics, and coauthored several reports of which the most signifi-
cant was a report on the Naval Hospital System and a plan to
establish a general hospital in the District of Columbia area.
Ewell’s brother, Dr. James Ewell, was a distinguished
physician who also had an outstanding record of achievement.
Afterhismedical education and practice in Virginia, he moved
to Savannah, Georgia, where he worked to introduce the
practice of vaccination and wrote the first edition of The
Planter’s and Mariner’s Medical Companion. This was sold
extensively in the south and west and a total of ten editions
were published. James later became a leading physician in the
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Washington, D.C., area, and spent his final years in New
Orleans.

In 1807 Ewell married Elizabeth Stoddert, the daughter of
Benjamin Stoddert, first Secretary of the Navy. They had four
daughters and five sons, two of whom - Benjamin Stoddert
Ewell and Richard Stoddert Ewell - were distinguished Con-
federate officers. Thomas Ewell died on 11 May 1826 at the
age of 41. Unfortunately, no portraits or other likenesses of
him appear to have survived.

References and Notes

1. W.B.Blanton, Medicine in Virginia in the Nineteenth Cen-
tury, Garrett & Massie, Richmond, 1933, p. 344.

2. This textbook is also discussed in E. F. Smith’s Old Chemis-
tries, McGraw-Hill, New York, NY, 1927, pp. 50-52.

3. A. Johnson and D. Malone, eds., Dictionary of American
Biography, Vol. VI, Scribner’s, New York, 1948, pp. 230-31.

4. T. Ewell, Plain Discourses on the Laws or Properties of
Matter, Brisban and Brannan, New York, 1806, pp. 12-14.

5. Ibid., pp.7-8.

6. Ibid., pp. 73-77.

7. T. Ewell, Statement of Improvements in the Theory and
Practice of the Science of Medicine, J. Bioren, Philadelphia, 1819, pp.
31-36.

8. Reference 4, p.7.

9. Ibid,p.8.

10. Ibid., p.9.

11. “New Chemical Work”, Medical Repository, 1806, 3, 234
and “Review of Plain Discourses on the Laws or Properties of
Matter”, Medical Repository, 1807, 4, 280-286.

12. Biographical information on Ewell may be found in the fol-
lowing: Ewell’s letters at the College of William and Mary, Dickin-
son College and the University of Pennsylvania archives; records of
the Naval Historical Center; S. Busey, Personal Reminiscences,
Doman, Philadelphia, 1895, pp. 212-214; R. H. Goldsmith, “Thomas
Ewell: Early American Chemist”, Hexagon, 1985, 76, 84-86; H.
Kelly and W. Barrage, American Medical Biographies, Remington,
Baltimore, 1920, pp. 373-374; and in reference 3.

13. A.P.Van Gelder and H. Schiatter, History of the Explosives
Industry in America, Columbia University Press, New York, 1927,
pp. 73-74.

Dr. Robert H. Goldsmith is Professor of Chemistry at the St.
Mary’ s College of Maryland, St. Mary's City, MD 20686. He
is aformer chair of the Division of the History of Chemistry of
the American Chemical Society and is particularly interested
in 18th and early 19th century American chemists.

THE 1990 BIBLIOGRAPHY

Museums, Archives, Historiography, and Miscellaneous

1. Anon., “The Liebig Museum”, BCHOC News, 1990, 7(1), 5.

2. G. Bodner, "The Apparatus Museum at Transylvania
University", Bull. Hist. Chem., 1990, 8, 22-27.

3. E.N.Brandt and B. S. Brennan, The Papers of Herbert H.
Dow: A Guide for the Scholarly, Norwood Institute Press, Midland,
M1, 1990.

4. 1. Doheny, “The Tie That Blinds”, Bull. Hist. Chem., 1990,
6,21-23.

5. E.Elliott, “‘R in D’: Research in Deutschland in the History
of Chemical Technology”, Othmer Library News, 1990, 2(2), 5-6.

6. E. Henning, “‘Die Haber Sammlung’ im Archiv zur Ge-
schichte der Max-Planck-Gesellschaft in Berlin”, Ber.
Wissenschaftsgesch., 1990, 13, 17-34.

7.  A.J.Thde, “Perspectives Lecture: History of Chemistry and
the Education of Teachers”, Bull. Hist. Chem., 1990, 8, 3-8.

8. W. B. Jensen, “History of Chemistry Resources at the
University of Cincinnati”, Othmer Library News, 1990, 2(2), 2-3.

9. W. B. Jensen, “Of Beehives and Babo Generators: The
Adventures of a Museum Curator”, Bull. Hist. Chem., 1990, 8,34-35.

10. H.Kasiwagi, “The Kagakushi, Our Journal: Recollecting Its
Fifty Issues”, Kagakushi, 1990, 17, 3-7 (in Japanese).

11. L.E.Kay, Molecules, Cells and Life: An Annotated Biblio-
graphy of Manuscript Sources on Physiology, Biochemistry, and
Biophysics, 1900-1960, in the Library of the American Philosophical
Society, American Philosophical Society, Philadephia, PA, 1989.

12. K. Marquis and H. Samuels, “At MIT Administrative Rec-
ords Tell the Story”, Othmer Library News, 1990, 2(1), 2-3.

13. H. Olbrich, ed., Zucker-Museum Berlin, Zucker-Museum,
Berlin, 1989.

14. C.A.Russell and S. P. Russell, “The Archives of Sir Edward
Frankland: Resources, Problems and Methods”, Brit. J. Hist. Sci.,
1990, 23, 175-185.

15. J.I. Seeman, “Extracting the Essence”, Chemtech, 1990, 19,
86-90.

16. R. Stolz, “Arbeitstagung der Arbeitsgemeinschaft ‘Ges-
chichte der Chemie’ in der Chemischen Gesellschaft der DDR”,
Miuteil. Fachgr. Gesch. Chem. GDCh., 1990, 4, 63-65.

17. K. Siihnel, “Zur Geschichte der Wilhelm-Ostwald-Gedenk-

- stitte in Grossbothen, NTM, 1989, 26(1), 81-89.

18. J.P.Swann, “History of Chemistry Resources at the National
Library of Medicine”, Othmer Library News, 1990, 2(2), 3-4.

19. T.Tachibana, “History of Chemistry by the Chemist for the
Chemist”, Kagakushi, 1990, 17, 1-2 (in Japanese).

20. D.S. Tarbell, “The 1989 Dexter Address: Ways of Writing
the History of Science”, Bull. Hist. Chem., 1990, 6, 3-7.

21. J. H. Wotiz, “The Butlerov Museum at the University of
Kazan”, Bull. Hist. Chem., 1990, 7, 24-26.

22. R. Zott, “Schriftzeugen der Vergangenheit: Chemiker-
nachlisse und -briefe im Zentralen Archiv der Akademie der Wissen-



26

Bull. Hist. Chem. 9 (1991)

schaften der DDR”, Mitteil. Fachgr. Gesch. Chem. GDCh., 1990, 4,
59-62.

Biography and Autobiography

23. E. Abel, “Ludwig Mond: Father of Metal Carbonyls and So
Much More”, J. Organometall. Chem., 1990, 383, 11-20.

24. M. Becke-Goehring, ed., Freunde in der Zeit des Aufbruchs
der Chemie: Der Briefwechsel zwischen Theodor Curtius und Carl
Duisberg, Springer, Berlin, 1990.

25. R.J.Blin-Stoyle, “Michael Anthony Grace (13 May 1920 -
17 May 1988)”, Biog. Mem. Fellows Roy. Soc., 1990, 35, 129-149.

26. J.J. Bohning, “From Closet Chemistry to Computers: Infor-
mation Science Entrepreneur Eugene Garfield”, BCHOC News, 1990,
7(3), 4-5.

27. J.J. Bohning, “Printing Ink or Organic Synthesis? Ernest
Volwiler - Pharmaceutical Pioneer,” BCHOC News, 1990, 7(2), 34.

28. W.H. Brock and S. Stark, “Liebig, Gregory and the British
Association, 1837-1842", Ambix, 1990, 37(3), 134-147.

29. C. H. Brown, Benjamin Silliman: A Life in the Young
Republic, Princeton University Press, Princeton, NJ, 1989.

30. J. Cantor, “Why Was Faraday Excluded from the Sande-
manians in 18447?”, Brit. J. Hist. Sci., 1989, 22, 433-437.

31. L.R.Caswell, “American Chemists and Physicists on Post-
age Stamps”, J. Chem. Educ., 1990, 67(10), 842-846.

32. M. Bursey, Francis Preston Venable of the University of
North Carolina, Chapel Hill Historical Society, Chapel Hill, NC,
1989. ‘

33. B.Chastain, “Jean-Baptiste Dumas (1800-1884): The Victor
Hugo of Chemistry”, Bull. Hist. Chem., 1990, 8, 8-12.

34. J.R.Clark, Joseph Priestley: "A Comet in the System", John
Ruskin Clark, San Diego, 1990.

35. D. Cram, From Design to Discovery, American Chemical
Society, Washington, DC, 1990.

36. M.R.S.CreeseandT. Creese, ‘“Laura Alberta Linton (1853-
1915): An American Chemist”, Bull. Hist. Chem., 1990, 8, 15-18.

37. D. 1. Davies, “John Frederic Daniell, 1791-1845", Chem.
Brit., 1990, 26, 946-949, 960.

38. A.Donovan, “Lavoisier as Chemist and Experimental Physi-
cist: A Reply to Perrin”, Isis, 1990, 81(2), 270-272.

39. R.F.Dawson, “Echoes of an Era: Percy L. Julian and Natural
Products Chemistry”, BCHOC News, 1990, 7(3), 6-7.

40. C.Dijerassi, Steroids Made It Possible, American Chemical
Society, Washington, DC, 1990.

41. E.L.Elel, From Cologne to Chapel Hill, American Chemi-
cal Society, Washington, DC, 1990.

42. A. Eschenmoser, “Leopold Ruzicka - From the Isoprene
Rule to the Question of Life’s Origins”, Chimica, 1990, 44, 1-21.

43. E.Fluck, “Leopold Gmelin: Ein Heidelberger Chemiker und
sein Werk”, Heidelberger Jahrb., 1989, 33, 89-106.

44. H.Frank and G. Fiichs, “Schorlemmers erste Bekannte aus
Manchester - Notizen zu ihrem Leben und Wirken”, Wissenschaft.
Zeit. Techn. Hochschule C. Schorlemmer, 1989, 31, 527-539.

45. H. S. Fry, “Cincinnati Chemists: Alfred Springer (1854-
1946)”, CINTACS, 1990, 27(2), 6-9.

46. J.Z.Fullmer, “Humphry Davy: Fund Raiser”, in F. James,
The Development of the Laboratory, Macmillan, London, 1989, pp.
11-21.

47. F. Gallais, “Pierre Sabatier et 1a découverte de la catalyse”,

Vie. Sci, 1988, 5, 235-238.

48. D.Gooding and F. James, Faraday Rediscovered, Stockton
Press, New York, NY, 1986.

49. M.Goupi], “Ampere etlachimie physique”,inLyon, cité des
savants, Comité des Tavaux Historiques et Scientifiques, Paris, 1988,
pp. 103-199.

50. J. Grimshaw, “Sir Robert Kane, 1809-90", Chem. Brit.,
1990, 26, 764-766.

51. F. Habashi, “Joseph William Mellor (1869-1938)", Bull.
Hist. Chem., 1990, 7, 13-16.

52. M-L.Hemphill-Loir, “Adrien Loir (1816-1899), professeur
de chimie, puis doyen de la Faculté des Sciences de Lyon” in Lyon,
cité des savants, Comité des Travaux Historiques et Scientifiques,
Paris, 1988, pp. 173-179.

53. D. Hodgkin, “Ein Leben in der Wissenschaft”, Naturwiss.
Rundsch., 1990, 43, 235-242.

54. R. E. Holmen, “Kasimir Fajans (1887-1975), Part II:
America”, Bull. Hist. Chem., 1990, 6, 7-15.

55. F. L. -Holmes, “Antoine Lavoisier and Hans Krebs: Two
Styles of Scientific Creativity”, in D. B. Wallace and H. E. Gruber,
eds., Creative People at Work, Oxford University Press, New York,
NY, 1989, pp. 44-68.

56. W.B.Jensen, “Harry Jones Meets the Famous”, Bull. Hist.
Chem., 1990, 7, 26-33.

57. C.K.Jorgensen and G. B. Kauffman, "Crookes and Marig-
nac - A Centennial of an Intuitive and Pragmatic Appraisal of
“Chemical Elements: and the Present Astrophysical Status of Nucle-
osynthesis and Dark Matter', Struct. Bond, 1990, 73, 227-253.

58. L. A. Karcova and N. G. Karpilo, “Olewinski’s Works on
Chemistry”, Kwart. Hist. Nauk. Tech., 1989, 34, 589-603 (in Rus-
sian).

59. G.B.Kauffman, “Two High-Pressure Nobelists: Fritz Haber
(1868-1934) and Carl Bosch (1874-1940)”, Today’s Chemist, 1990,
3(4), 20-21.

60. G. B. Kauffman and E. Molayem, “Alfonso Cossa (1833-
1902), A Self-Taught Italian Chemist”, Ambix, 1990, 37, 20-34.

61. G.B. Kauffman, “Max Tishler: Pioneer,” Chemtech, 1990,
20, 268-274.

62. G.B. Kauffman, “Midgley: Saint or Serpent?”, Chemtech,
1990, 19, 716-725.

63. G.B. Kauffman, “Nobel Laureates in Chemistry - A Phila-
telic Survey. Part1. 1901-1910”, J. Chem. Educ., 1990, 67(7), 451-
456.

64. G. B. Kauffman, “Nobel Laureates in Chemistry - A Phila-
telic Survey. PartII. 1911-1934”,J. Chem. Educ., 1990, 67(7), 569-
574.

65. G.B. Kauffman, “Nobel Laureates in Chemistry - A Phila-



( Bull. Hist. Chem. 9 (1991)

27

telic Survey. PartIII. 1935-1988”, J. Chem. Educ.,1990, 67(9), 774-
781.

66. G.B.Kauffman, “Nuclear and Biochemical Pioneer: Martin
D. Kamen”, Today’s Chemist, 1990, 3(1), 13, 17, 26-28, 33, 34,

67. N.R.Khisinaand A. A. Yaroshevskii, V. M. Goldschmidt:
The Founder of Geochemistry and Crystallochemistry”, Priroda,
1989, 10, 85-93 (in Russian).

68. M. J.Klein, “The Physics of J. Willard Gibbs in his Time”,
Physics Today, 1990, 43(9), 40-48.

69. O. Kritz, “Das Strychnin-Gespenst, der Graf von Monte
Christo und Justus von Liebig”, Chem. unserer Zeit., 1990, 24,23-32.

70. A. B. P. Lever, “A Celebration of Inorganic Lives - An
Interview of John Bailar”, Coord. Chem. Rev., 1990, 106, 1-23.

71. T. H. Levere, “Lavoisier: Language, Instruments and the
Chemical Revolution”, in T. H. Levere and W. R. Shea, eds., Nature,
Experiment, and the Sciences: Essays on Galileo and the History of
Science in Honour of Stillman Drake, Kluwer Academic, Dordrecht,
1990, pp. 207-223.

72. W. Lewicki and G. Siebeneicher, eds., Justus von Liebig:
Boden, Erniihrung, Leben. Texte aus vier Jahrzehnten, Pietsch Ver-
lag, Stuttgart, 1989.

73. H. C. Longuet-Higgins, “Robert Sanderson Mulliken (7
June 1896 - 31 October 1986)’, Biog. Mem. Fellows Roy. Soc., 1990,
35,329-354.

74. 1. H. Madison, Eli Lilly: A Life, 1885-1977, Indianapolis
Historical Society, Indianapolis, IN, 1989.

75. C.Meinel, “Débereiner und die Chemie seiner Zeit”, Mitteil.
Fachgr. Gesch. Chem. GDCh., 1990, 4, 3-12.

76. A.Mellors, “Enzymes at the Frontier (1822-1833)”,J. Chem.
Educ., 1990, 67(3), 194-195.

77. W. Moore, Schridinger. Life and Thought, Cambridge
University Press, Cambridge, 1989.

78. E.Munakata, "Reminiscencesof My Researches”, Kagakushi,
1990, 717, 107-113 (in Japanese).

79. P. Munday, “Social Climbing Through Chemistry: Justus
Liebig's Rise from the Niederer Mittelstand to the Bildungsbiirger-
tum”, Ambix, 1990, 37, 3-19.

80. P. Munday, Sturm und Dung: Justus von Liebig and the
Chemistry of Agriculture, Ph.D. Thesis, Comell University, 1990.

81. V. Prelog, “Albert Eschenmoser”, Aldrichim. Acta, 1990,
23, 59-64.

82. M.F.Rayner-Canham and G. W.Rayner-Canham, “Pioneer
Women in Nuclear Science”, Am. J. Phys., 1990, 58, 1036-1043.

83. J.D.Roberts, The Right Place at the Right Time, American
Chemical Society, Washington, DC, 1990.

84. A.J.Rocke, “‘Between Two Stools’: Kopp, Kolbe and the
History of Chemistry”, Bull. Hist. Chem., 1990, 7, 19-24,

85. J.Réziewiczand B.G.Karpilo, “W.Olweinski (1832-1862),
The Scientist and Man, Friend of Mendeleev”, Kwart. Hist. Nauk.
Tech., 1989, 34, 549-587 (in Russian).

86. A. T. Schwartz and J. G. McEvoy, eds., Motion Towards
Perfection: The Achievement of Joseph Priestley, Skinner House
Books, Boston, 1990.

87. S. S. Schweber, “The Young John Clarke Slater and the
Development of Quantum Chemistry”, Hist. Stud. Phys. Biol. Sci.,
1990, 20, 339-406.

88. L.R. Sherman, “Jaroslav Heyrovsky (1890-1967)", Chem.
Brit., 1990, 26, 1165-1168.

89. J. Shorter, “Hammett Memorial Lecture”, Prog. Phys. Org.
Chem., 1990, 17, 1-29.

90. R.L.Sime,“BelatedRecognition: Lise Meitner’sRole in the
Discovery of Fission”,J. Radioanal. Nucl. Chem., 1990, 142, 13-26.

91. Y.I. Solovyov, Svante Arrhenius, Nauka, Moscow, 1990 (In
Russian).

92. A.N.Stranges, “William Francis Giauque: An Adventurein
Low-Temperature Research”, J. Chem. Educ., 1990, 67(3), 187-193.

93. K. Sithnel, “80 Jahre Kolloidchemie: Leben und Werk
Wolfgang Ostwald”, NTM, 1989, 26(2), 31-45.

94. D. S. Tarbell, “Elliott Quincy Adams (1888-1971): From
Dipolar Ions to Fluorescent Lights™, J. Chem. Educ., 1990, 67, 7-8.

95. J.M. Thomas and I. M. McCabe, “The Legacy of Lawrence
Bragg”, Educ. Chem., 1990, 27, 156-159.

96. J. Trofast, “Jacob Berzelius: The Organizing Mind”, Chem.
Brit., 1990, 26, 432-434.

97. C.Viel,“Pierre-Joseph Macquer”, Janus, 1986-90, 73, 1-27.

98. E.L. Warrick, Forty Years of Firsts: The Recollections of a
Dow Corning Pioneer, McGraw-Hill, New York, 1990.

99. M.H.Williams, ed., The Correspondence of Sir John Bennet
Lawes and Sir Joseph Henry Gilbert, 1846-1900, Rothamsted Experi-
mental Station, Harpenden, n.d.

100. T. I. Williams, Robert Robinson, Chemist Extraordinary,
Clarendon Press, Oxford, 1990.

101. W.D. Williams, “John Johnston’s ‘Manual of Chemistry’ ”,
Bull. Hist. Chem. 1990, 6, 23-26.

102. W. D. Williams and W. D. Myles, “John Pennington’s
*Chemical and Economic Essays’ ”, Bull. Hist. Chem., 1990, 8, 18-22.

103. D.E. Wright, “William J. Hale: His Career and His Papers,”
Othmer Library News, 1990, 2(3), 1-4.

Techniques and Concepts

104. F. Abbri, “The Chemical Revolution: A Critical Assessment”,
Nuncius, 1989, 4(2), 303-315.

105. F. Abbri “‘De utilitate chemiae in oeconomia reupiblicae’:
Larivoluzione chimicanel Piemonte dell’ anticoregime”, Stud. Stor.,
1989, 30, 401-433.

106. P. J. Austerfield, “From Hot Air to Hydrogen: Filling and
Flying the Early Gas Balloons”, Endeavor, 1990, 14, 194-200.

107.F. Becker, Von der Molekularhypothesis bis zur
zeitaufgelosten Spektroskopie: Die Entwicklung des Molekiilbegriffs
inder Chemie und der Einsichten in die Natur der Molekiile, Steiner-
Verlag, Stuttgart, 1989.

108. G. Beer, “Meilensteine der Chemie”, Nachr. Chem. Tech.
Lab., 1990, 38(1), 36-38.

109. B. Bensaude-Vincent, “A View of the Chemical Revolution
Through Contemporary Textbooks: Lavoisier, Fourcroy and Chaptal”,



28

Bull. Hist. Chem. 9 (1991)

Brit. J. Hist. Sci., 1990, 23(4), 435-460.

110. M. Beretta, “Gli scienziati italiani e la rivoluzione chimica”,
Nuncius, 1989, 4(2), 119-146.

111. M. Beretta, “T.O. Bergman and the Definition of Chemistry™,
Lychnos, 1988, 37-67.

112. C. Billoux, Lavoisier: ses collaborateurs et la révolution
chimique, Ecole Polytechnique, Paris, 1989.

113 M.Blondel-Mégrelis, “The Limits of the Conceptof Affinity”,
Fresenius J. Anal. Chem., 1990, 337, 203-204.

114. F. Calascibetta and E. Torracca, eds., Atti de II Convegno
Nazionale di Storia e Fondamenti della Chimica, AccademiaNazion-
ale dell Scienze, Rome, 1988.

115. A. Clericuzio, “A Redefinition of Boyle’s Chemistry and
Corpuscular Philososphy”, Ann. Sci., 1990, 47, 561-589.

116. M. Crosland, “The Successors of Lavoiser”, Rev. Quest. Sci.,
1989, 160, 205-219.

117. G.D’ Ascenzo and N. Nicolini, “Evolution of Paper Chroma-
tography: From Runge’s Perceptions to Tswett’s Adsorption”, Fre-
senius J. Anal. Chem., 1990, 337, 232-234.

118. H. O. Denschlag, “The Discovery of Nuclear Fission 50
Years Ago”, J. Radioanal. Nucl. Chem., 1990, 142, 5-11.

119.1. S. Dmitriev and V. A. Kritsman, “A. Lavoisier: ‘The
Chemical Revolution’ and the Origins of Structural Chemistry”, Vop.
Ist. Est. Tekh., 1989, 4, 29-38 (in Russian).

120. A. Drago, “History of the Relationship: Chemistry -
Mathematics” Fresenius J. Anal. Chem., 1990, 337, 220-224.

121.N. M. Emanuel, G. E. Zailov and V. A. Kritsman, Chain
Reactions: Historical Aspects, Nauka, Moscow, 1989 (in Russian).

122. S. Engels and R. Stolz, ABC Geschichte der Chemie,
Deutscher Verlag Grundstoffindustrie, Leipzig, 1990.

123. L. Garrigés i Oltra, Aproximacién a la Evolucién Historica
de los Métodos de Ajuste de los Ecuaciones Quimicas, Instituto de
Cultura, Alicante, 1990.

124. K. Gavroglu, “The Reaction of the British Physicists and
Chemists to van der Waals’ Early Work and to the Law of Corre-
sponding States”, Hist. Stud. Phys. Biol. Sci., 1990, 20, 199-237.

125. B. Gee, “Amusement Chests and Portable Laboratories:
Practical Altematives to the Regular Laboratory”, in F. James, ed.,
The Development of the Laboratory, Macmillan, London, 1989, pp.
37-59.

126. P. Geladi and K. Esbensen, “The Start and Early History of
Chemometrics: Selected Interviews. Part1.”,J. Chemometrics, 1990,
4,337-354.

127. P. Geladi and K. Esbensen, * The Start and Early History of
Chemometrics: Selected Interviews. Part I1.”, J. Chemomaetrics,
1990, 4, 389-412.

128. . Golinski, “Chemistry in the Scientific Revolution: Prob-
lems of Language and Communication”, in D. C. Lindberg and R. S.
Westman, eds., Reappraisals of the Scientific Revolution, Cambridge
University Press, New York, 1990, pp. 367-396.

129.J. Golinski, “Humphry Davy and the ‘Lever of Experi-
ment'”, in H. E. Le Grand, ed., Experimental Inquiries: Historical,
Philosophical, and Social Studies of Experimentation in Science,

Kluwer Academic, Dordrecht, 1990, 99-136.

130. C. Hamlin, A Science of Impurity: Water Analysis in Nine-
teenth Century Britain, University of California, Berkeley, CA, 1990.

131. W. A. Herrmann, “100 Years of Metal Carbonyls: A Seren-
dipitous Discovery of Major Scientific and Industrial Impact”, J.
Organometall. Chem., 1990, 383, 21-44.

132. G. Herrmann, “Five Decades Ago: From the “Transuranics’
to Nuclear Fission”, Angew. Chem, Int. Ed. Engl., 1990, 29, 481-508.

133. J. Janko, E. Tesinsk4, H-J. Deutscher, and H. Remane, “Zur
Entdeckungsgeschichte der fliissigen Kristalle”, NTM, 1989, 26(2),
19-29.

134. Japanese Society for the History of Chemistry, ed., Source
Book for the Atomic and Molecular Theory, Vol. 2, Gakkai Shuppan
Center, Tokyo, 1990 (in Japanese).

135. W. B. Jensen, “Reinventing the Hofmann Sodium Spoon”™,
Bull. Hist. Chem., 1990, 7, 38-39.

136. W. B. Jensen, “Whatever Happened to the Nascent State?”,
Bull. Hist. Chem., 1990, 6, 26-36.

137. G. Kauffman, “Beyond Uranium”, Chem. Eng. News, 1990,
68(Nov. 19), 18-29.

138. S. Kikuchi, “Aromatic Seven-Membered Ring Compounds
and Quantum Chemistry: The First Verification of Hiickel’s Rule and
its Influence”, Kagakusi Kenkyu, 1990, 29, 65-73 (in Japanese).

139. S. Kikuchi, “Development of the Electronic Formula of
Benzene”, Kagakusi Kenkyu, 1990, 29, 209-218 (in Japanese).

140. S. A.R.Knox, “25 Years with Ruthenium”,J. Organometal.
Chem., 1990, 400, 255-272.

141. J. Koryta, “The Origin of Polarography”, J. Electroanal.
Chem., 1990, 296, 293-297.

142. K. H. Koch, “Changes in Analytical Chemistry Correspond-
ing to the Stage of Industrial Development”, Fresenius J. Anal.
Chem., 1990, 337, 229-231.

143. M. A.Kovner, “The Development of Quantum Chemistry in
the USSR”, Voprosy Istorii Estestvoznaniia i Tekhniki, 1990 (1), 28-
37 (in Russian).

144. H. Kragh, “From ‘Electrum’ to Positronium”, J. Chem.
Educ., 1990, 67(3), 196-197.

145. O. P. Kritz, Faszination Chemie, Callwey Verlag, Munich,
1990.

146. R. L. Kremer, The Thermodynamics of Life and Experimen-
tal Physiology, Garland, New York, NY, 1990.

147. V. A Kritsman, “A. Lavoisier’s Contribution to the Appear-
ance of Structural Concepts in Chemistry”, Janus, 1986-90, 73, 29-
37.

148. J. Kroh, ed., Early Developments in Radiation Chemistry,
Royal Society of Chemistry, Cambridge, 1989.

149. R. D. Larsen, “Lessons Learned from Lord Rayleigh on the
Importance of Data Analysis”, J. Chem. Educ., 1990, 67(11), 925-
928.

150. T. H. Levere, “Lavoisier: Language, Instruments and the
Chemical Revolution”, in T. H. Levere and W. R. Shea, eds., Nature,
Experiment and the Sciences: Essays on Galileo and the History of
Science in Honor of Stillman Drake, Kluwer Academic Publishers,



29

“:Bull. Hist. Chem. 9 (1991)

Dordrecht, 1990, pp. 207-223.

151. A. Lundgren, “The Changing Role of Numbers in 18th
Century Chemistry”, in T. Fringsmyr, et al., eds., The Quantifying
Spirit in the 18th Century, University of California Press, Berkeley,
1990, pp. 245-266.

152. P. de Mayo, A. Stoesl, and M. C. Usselman, “The Liebig/
Wahler Satire on Fermentation”, J. Chem. Educ., 1990, 67(7), 552-
553.

153. E. M. Melhado, “Toward an Understanding of the Chemical
Revolution”, Knowl. Soc., 1989, 8, 123-137.

154. E. M. Melhado, “On the Historiography of Science: A Reply
to Perrin,” Isis, 1990, 81(2), 273-276.

155.L. Meénard, “Les variations de signification du mot
metalloide”, Docum. Hist. Vocab. Sci., 1989, 9, 21-30.

156. E. Mendoza, “The Lattice Theory of Gases: A Neglected
Episode in the History of Chemistry”, J. Chem. Educ., 1990, 67(12),
1040-1042.

157. H. S. Mosher and T. T. Tidwell, “Frank C. Whitmore and
Steric Hindrance: A Duo of Centennials”, J. Chem. Educ., 1990,
67(1),9-14.

158. M. Nakahara, “Acid and Base”, Kagakushi, 1990, 17,30-49
(in Japanese).

159. L. Niinistd, “ Analytical Instrumentation in the 18th Century”,
Fresenius J. Anal. Chem., 1990, 337, 213-217.

160. Y. Noél, “Le terme de radical en chimie: Un survol de ses
emplois a partir de 1785", Docum. Hist. Vocab. Sci., 1989, 9, 31-40.

161. P. Palladino, “Stereochemistry and the Nature of Life:
Mechanist, Vitalist, and Evolutionary Perspectives”, Isis, 1990, 81(1),
44-67.

162. G. Pancaldi, “Electricity and Life - Volta’s Path to the
Battery”, Hist. Stud. Phys. Biol. Sci., 1990, 21(1), 123-160.

163. J. A. Pérez-Bustamante de Monasterio, “Highlights of Span-
ish Chemistry at the Time of the Chemical Revolution of the 18th
Century”, Fresenius J. Anal. Chem., 1990, 337, 225-228.

164. C. E. Perrin, “Chemistry as Peer of Physics: A Response to
Donovan and Melhado on Lavoisier”, Isis, 1990, 81(2), 259-270.

165. D. Quane, “The Reception of Hydrogen Bonding by the
Chemical Community: 1920-1937,” Bull. Hist. Chem., 1990, 7, 3-13.

166. E. Roth, "Etienne Francois Geoffroy's Table of Relations
and the Concepts of Affinity", Fresenius J. Anal. Chem., 1990, 337,
188-202.

167. H. D. Roth, “A Brief History of Photoinduced Electron
Transfer and Related Reactions”, Top. Curr. Chem., 1990, 156, 1-19.

168. P. Schrechter, The Path of No Resistance: The Story of the
Revolution in Superconductivity, Simon & Schuster, New York, NY,
1989.

169. H-W. Schiitt, “Der Wandel des Begriffs ‘aromatisch’ in der
Chemie”, in F. Rapp and H-W Schiitt, eds., Begriffswandel und
Erkenntnisfortschritt in den Erfahrungswissenschaften, Technische
Universitit, Berlin, 1987, pp. 255-272.

170. C. V. Senoff, “The Discovery of [Ru[NH3]sN2]2+: A Caseof
Serendipity and the Scientific Method”,J. Chem. Educ., 1990, 67(5),
368-370.

171. 1. Stengers, “L’affinité ambiqué: Le réve newtonien de la
chimie du XVIIIe siécle”, in M. Serres, ed., Eléments d histoire des
sciences, Bordas, Paris, 1989, pp. 297-319.

172. J.T. Stock, ““Small-Scale Organic Chemistry in Retrospect”,
J.Chem. Educ., 1990, 67(10), 898.

173. 1. T. Stock, ““The Genesis of Electrogravimetry”, Bull. Hist.
Chem., 1990, 7, 17-19.

174. 1. T. Stock, “Victor Serrin and the Origins of the Chaino-
matic Balance”, Bull. Hist. Chem., 1990, 8, 12-15.

175. W. Strube, Der Historische Weg der Chemie: Vonder Urzeit
biswissenschaftlich-technischen Revolution, Aulis-Verlag Deubner,
Kéln, 1989.

176. K. Sugawara and K. Itakura, “ A Historical Study in Japanese
Nomenclature of Elements in the 1820s-1870s in Japan”, Kagakusi
Kenkyu, 1989, 28, 193-202, and 1990, 29, 13-20 (in Japanese).

177. K. Sugawara and K. Itakura, “The Process of Standardiza-
tion of Japanese Element Names by the Chemical Society of Tokyo™,
Kagakusi Kenkyu, 1990, 29, 136-149 (in Japanese).

178. P. Thagard, “The Conceptual Structure of the Chemical
Revolution”, Phil. Sci., 1990, 57, 183-209.

179. D. B. Thornburn-Burns, “Highlights in the History of Quan-
titation in Chemistry”, FreseniusJ. Anal. Chem., 1990, 337,205-212.

180. K. Tokumoto, “The Robinson-Ingold Controversy on Sub-
stitution Reactions of Aromatic Compounds”, Kagakusi Kenkyu,
1989, 28, 161-172 (in Japanese).

181. S. Tugnoli Pattaro, ‘“Le ricerche calorimetriche di Lavoisier
e Laplace”, G. Fis., 1988, 29, 333-361.

182. M. Uchida, “The Recognition of Chemical Composition in
the Eighteenth Century”, Historia Scientiarum, 1990, 40, 41-57.

183. B. Vidal, La liaison chimique: Le concept et son histoire,
Vrin, Paris, 1989.

184. M. Wainwright, Miracle Cure: The Story of Penicillin and
the Golden Age of Antibiotics, Blackwell, Oxford, 1990.

185. L. A. Whitt, “Atoms or Affinities? The Ambivalent Recep-
tion of Daltonian Theory”, Stud. Hist. Phil. Sci., 1990, 21, 57-89.

Disciplinary, Institutional and Social Relations

186. A. Alfonso Goldfarb, M. Ferraz and M. Helena, ‘“Reflexes
sobre una histdria adiada: Trabalhos e estudos quimicos e pré-
quimicos Brasilieros”, Quipu, 1988, 5, 339-353.

187. S. Baatz, Knowledge, Culture, and Science in the Metropo-
lis: The New York Academy of Sciences, 1817-1970, The New York
Academy of Sciences, New York, 1990.

188. H. Bauer, *“Zur Geschichte des Chemieunterrichts an allge-
meinbildenden Schulen im deutschen Sprachraum™, Mitteil. Fachgr.
Gesch. Chem. GDCh., 1990, 4, 3-12.

189.7. J. Bohning, “The Continental Chemical Society”, Bull.
Hist. Chem., 1990, 6, 15-21.

190. R. H. Boundy and J. L. Amos, eds., A History of the Dow
Chemical Physics Lab: The Freedom to be Creative, Marcel Dekker,
New York/Basel, 1990.

191. W. H. Brock, “The Cavendish Society’s Wonderful Reper-



30

Bull. Hist. Chem. 9 (1991) —u

tory of Chemistry”, Ann. Sci., 1990, 47, 77-80.

192. W. H. Brock, “Building England’s first Technical College,
The Laboratories of Finsbury Technical College, 1878-1926", in F.
James, ed., The Development of the Laboratory, Macmillan, 1989, pp.
155-170.

193. W. Broser, ed., Chemie an der Freien Universitit Berlin:
Eine Dokumentation, Colloquium Verlag, Berlin, 1988.

194. M. 1. Bruce, "A Quarter-Century of Organometallics - Most
of It Down Under", J. Organometal. Chem., 1990, 400, 321-340.

195. W. A. Campbell, “Vermilion and Verdigris - Not Just Pretty
Colours”, Chem. Brit., 1990, 26, 558-560.

196. S. K. Coleman, “Riken from 1945 to 1948: The Reorganiza-
tion of Japan’s Physical and Chemical Research Institute Under the
American Occupation”, Techn. Culture, 1990, 31, 228-250.

197. D. V. Fenby, “The Lectureship in Chemistry and the Chemi-
cal Laboratory, University of Glasgow, 1747-1818”, in F. James, ed.,
The Development of the Laboratory, Macmillan, London, 1989, pp.
22-36.

198. T. Fringsmyr, ed., Solomon’ s House Revisited - The Organi-
zation and Institutionalization of Science, Science History Publica-
tions USA, Canton, MA, 1990.

199. ). S. Fruton, Contrasts in Style: Research Groups in the
Chemical and Biochemical Sciences, American Philosophical Soci-
ety, Philadelphia, PA, 1990.

200. K. Golz and W. Jansen, “Der Chemieunterricht im NS-Staat:
Ein Beitrag zur Geschichte der Chemiedidaktik”, Mitteil. Fachgr.
Gesch. Chem. GDCh., 1990, 4, 22-36.

201. A. M. Halasik, Der Chemieunterricht wihrend des 19.
Jahrhunderts im Rheinland: Beitrag zur Geschichte des Chemieun-
terrichts im 19. Jahrhundert dargestellt an ausgewdbhlten Beispielen
aus dem Rheinland, Wehle, Witterschlick/Bonn, 1988.

202. H-G. Henning and W. Jugelt, *“Zur Geschichte der organ-
ischen Chemie an der Berliner Universitat”, Wiss. Z. Humboldt Univ.
Math. Naturwiss. Reihe, 1989, 38, 197-201.

203. A. J. Ihde, Chemistry As Viewed From Bascom Hill. A
History of the Chemistry Department at the University of Wisconsin
in Madison, University of Wisconsin, Madison, W1, 1990.

204. S. G. Kohlstedt, “Parlors, Primers, and Public Schooling:
Education for Science in Nineteenth-Century America”, Isis, 1990,
81(3), 425-445.

205.J. A. Johnson, “Academic, Proletarian ... Professional?
Shaping Professionalization for German Industrial Chemists, 1887-
1920,” in G. Cocks and K. H. Jarausch, eds., German Professions,
1800-1950, Oxford University Press, New York, 1990, 123-142.

206. J. A. Johnson, The Kaiser’s Chemists: Science and Moderni-
zation in Imperial Germany, University of North Carolina Press,
Chapel Hill, NC, 1990.

207. N. Just, “Professionalisierung oder Berufskonstruction? Die
Entwicklung des Chemielehrerstandes im 19. Jahrhundert”, Mitteil.
Fachgr. Gesch. Chem. GDCh., 1990, 4, 13-21.

208. G. B. Kauffman and P. M. Priebe, “The Emil Fischer -
William Ramsay Friendship: The Tragedy of Scientists in War”, J.
Chem. Educ., 1990, 67(3), 93-101,

209. I. Langmuir, “Pathological Science”, Physics Today, 1989,
42(10), 36-48.

210.B. V. Lewenstein, *“Cold Fusion and Science
Communication?”, BCHOC News, 1990, 7(1), 6-8.

211. S. Livingstone, “History of Chemistry in Australia, 1788-
1988", J. Indian Chem. Soc., 1989, 66, 735-742.

212. W. A. E. McBryde, “Analytical Chemistry in Canada: An
Historical Outline”, Canadian Chem. News, 1990, 42(7), 21-25.

213. H. T. McKone, “Copper in the Candy, Chromium in the
Custard: The History of Food Colorants Before Aniline Dyes”,
Today's Chemist, 1990, 3(5), 22-25, 34.

214. A.F. Masters, “A Brief History of Organometallic Chemis-
try in Australia and New Zealand”, Appl. Organometall. Chem.,
1990, 4, 389-418.

215. N. Morgan, “The Strategy of Biological Research Programs:
Reassessing the Dark Age of Biochemistry, 1910-1930", Ann. Sci.,
1990, 47, 139-150.

216. D. L. Nelson and B. C. Soltwedt, eds., One Hundred Years
of Agricultural Chemistry and Biochemistry at Wisconsin, Science
Tech Publishers, Madison, W1, 1989.

217. H. Noeske, “Die Chemie in den deutschen Magiebiichern
des 17.und 18. Jahrhunderts”, Mitteil. Fachgr. Gesch. Chem. GDCh.,
1990, 4, 51-58.

218. L.Owens, “MIT and the Federal ‘Angel’: AcademicR & D
and Federal-Private Cooperation before World War II”, Isis, 1990,
81(2), 189-213.

219. F. D. Peat, Cold Fusion: The Making of a Scientific Contro-
versy, Contemporary Books, Chicago, IL, 1989.

220. G. P. Poveda, “Influencias extranjeras en la investigacién
quimica espafiola”, LLull: Boletin de la Sociedad Espariola de
Historia de las Ciencias, 1990, 13(24), 131-152.

221. D. J. Rhees, “Chemistry on Display: The Early Years of the
Chemical Exposition”, Today’s Chemist, 1990, 3(2), 22-26.

222. E.M. Ruiz, “CSIC, una sintesis de tradicién y futuro: Media
centuria en la balanza de la ciencia espafiola”, Arbor, 1990, 135(529),
13-28.

223. U.Schling-Brodersen, Entwicklung und Institutionalisierung
der Agrikulturchemie im 19. Jahrhundert: Liebig und die Land-
wirtschaftlichen Versuchsstationen, Deutsche Apotheken Verlag,
Stuttgart, 1989.

224.1. Sencar-Cupovic, “The Foundation of the First Modern
Chemical Laboratories in Yugoslav Countries”, Ambix, 1990, 37, 74-
84.

225. J. W. Servos, Physical Chemistry from Ostwald to Pauling:
The Making of a Science in America, Princeton University Press,
Princeton, NJ, 1990.

226. H.R. Slotten, “Humane Chemistry or Scientific Barbarism?
American Responses to World War I Poison Gas”,J. Am. Hist.,1990,
77,476-498.

227. A. S. Travis, “The Meeting of Practical Men”, Chem. Ind.,
1990, 68, 451-456.

228. P. Viégner, “Chemistry Instruction at Soviet Universities,
1917-1941”, Dejiny Ved. Tech., 1989, 22, 1-18 (in Russian).



F Bull. Hist. Chem. 9 (1991)

31

229. R. Vierhaus and B. vom Brocke, eds., Forschung im Span-
nungsfeld von Politik und Gesellschaft: Geschichte und Struktur der
Kaiser-Wilhelm-Max-Planck-Gesellschaft aus Anlass ihres 75
jdhrigen Bestehens, Deutsche Verlags-Anstalt, Stuttgart, 1990.

230. J. H. Young, Pure Food: Securing the Federal Food and
Drug Act of 1906, Princeton University Press, Princeton, NJ, 1989.

Chemical Technology

231. B. Achilladelis, A. Schwarzkopf, and M. Cines, “The Dy-
namics of Technological Innovation: The Case of the Chemical
Industry”, Research Policy, 1990, 19(1), 1-34.

232. Anon., “The Development of Cincinnati’s Chemical
Industries”, CINTACS, 1990, 27(3), 7-10.

233. H. Benninga, A History of Lactic Acid Making: A Chapter
in the History of Biotechnology, Kluwer, Boston, 1990.

234. A. J. Butrica, Out of Thin Air: A History of Air Products
and Chemicals Inc., 1940-1990, Praeger, New York, 1990.

235. D. Collins, The Story of Kodak, Abrams, New York, NY,
1990.

236.C. W. Edwards and R. W. Richarson, eds., A Centenary
History of the Dyeing and Finishing Industry, Society of Dyers and
Colourists, Bradford, England, 1985-1989.

237.R. Firmenich, From Chuit & Naef to Firmenich S. A.,
Firmenich, Geneva, 1990.

238. M. B. W. Graham and B. H. Pruitt, R&D for Industry: A
Century of Technical Innovation at Alcoa, Cambridge University
Press, Cambridge, 1990.

239. F. Habashi, “Historical Metallurgy Notes: Chemistry and
Metallurgy in the British Empire”, CIM Bulletin, 1990, 83(941) 102-
108 and 83(942), 90-93.

240. J. U. Heine, Verstand & Schicksal: Die Manner der I. G.
Farbenindustrie A. G., VCH, Weinheim, 1990.

241. T. lijima, “The Development of Acetaldehyde Manufactur-
ing Technology in Japan”, Kagakushi, 1990, 17, 61-79, 114-125 and
151-172 (in Japanese).

242. B. W. Keyser, “Between Science and Craft: The Case of
Berthollet and Dyeing,” Ann. Sci., 1990, 47, 213-260.

243. J. Kuka, “History of the Chemical Industry in Slovakia”,
Ropa Uhlie, 1989, 31, 652-664, 703-731 (in Slovak).

244. S. H. Mauskopf, “Chemistry and Cannon: J-L. Proust and
Gunpowder Analysis”, Techn. Culture, 1990, 31, 261-277.

245. K. S. Memitz, “Governmental Research and the Corporate
State: The Rittman Refining Process”, Techn. Culture, 1990, 31, 83-
113.

246. B. Molony, Technology and Investment: The Prewar Japa-
nese Chemical Industry, Harvard University Press, Cambridge, MA,
1990.

247.M. Muhammed and F. Habashi, “Historical Metallurgy
Notes: Ytterby - An Historical Landmark”, CIM Bulletin, 1990,
83(944), 66-67.

248. T. Okamoto, “Characteristics of Labor in the Synthetic
Chemical Industry in Japan”, Kagakushi, 1990, 17, 8-29

(in Japanese).

249. H.M. Paynter, “The First U.S. Patent”, Am. Heritage Invent.
Techn., 1990, 6(2), 18-22.

250. H. G. Schroter, “Die Auslandsinvestitionen der deutschen
chemischen Industrie”, Zeit. Unternehmensgeschichte, 1990, 35, 1-
22.

251. R. B. Seymour and H. F. Mark, eds., Organic Coatings:
Their Origin and Development, Elsevier, New York, 1990.

252. B. Sofer, “Chemicals of the Dead Sea: Ancient History,
Modern Industry”, Today's Chemist, 1990, 3(3), 18-22.

253. A. S.Travis, “Centenary Year for the Discovery of Synthetic
Indigo, 1890-1990", Textile Chem. Color, 1990, 22(12), 18-20.

254. A. S. Travis, “Perkin’s Mauve: Ancestor of the Organic
Chemical Industry”, Techn. Culture, 1990, 31, 51-82.

255. M.L. Wayland, ed., All That Glitters. Readings in Historical
Metallurgy, Metallurgical Society of Canada, Montreal, 1989.

256. M. Weatherall, In Search of a Cure: A History of Pharma-
ceutical Discovery, Oxford University Press, New York, 1990.

Alchemy and Pseudoscience

257. L. Abraham, Marvell and Alchemy, Scolar Press, Aldershot,
England, 1990.

258. M. J. B. Allen, “Marsilio Ficino, Hermes Trismegistus, and
the Corpus Hermeticum”, in J. Henry and S. Hutton, eds., New
Perspectives on Renaissance Thought, Duckworth, London, 1990,
pp- 38-47.

259. U. Benzenhofer, Johannes de Rupescissa, Liber de consid-
eratione quintae essentiae omnium rerum Deutsch, Steiner Verlag,
Wiesbaden and GmBH, Stuttgart, 1989.

260. B. J. T. Dobbs, Alchemical Death and Resurrection: The
Significance of Alchemy in the Age of Newton, Smithsonian Institu-
tion Libraries, Washington, DC, 1990.

261. M-M. Fontaine, “L’alchimie 2 Lyon au milieu du XVe
siecle” in Lyon, cité des savants, Comité des Travaux Historiques et
Scientifiques, Paris, 1988, pp. 43-53.

262. M. L. Ford, Bibliotheca Philosophica Hermetica, Vol. 1, In
de Pelikaan, Amsterdam, 1990.

263. N. Goodrick-Clarke, ed., Paracelsus. Essential Readings,
The Aquarian Press, Wellingborough, 1990.

264. M. Hunter, “Alchemy, Magic and Moralism in the Thought
of Robert Boyle™, Brit. J. Hist. Sci., 1990, 23(4), 387-410.

265. S. Hutin, Nostradamus et I alchimie, Editions du Rocher,
Monaco, 1988.

266. V. Karpenko, Alchemy: The Daughter of Error, Kamarad,
Prague, 1988 (in Czech).

267. V. Karpenko, “Christoph Bergner: The Last Prague
Alchemist”, Ambix, 1990, 37, 116-120.

268. V. Karpenko, “The Oldest Alchemical Manuscript in the
Czech Language”, Ambix, 1990, 37, 61-73.

269. R. Kieckhefer, Magic in the Middle Ages, Cambridge Uni-
versity Press, Cambridge, 1990.

270. S. Klossowski de Rola, The Golden Game: Alchemical



32

Bull. Hist. Chem. 9 (1991)

N

Engravings of the 17th Century, Thames & Hudson, London, 1988.

271. S.Matton, “XXIV theéses de lacopo Mazzoni sur’alchimie”,
Chrysopoeia, 1989, 3, 91-96.

272. 1. Merkel and A. G. Debus, Hermeticism and the Renais-
sance: Intellectual History and the Occult in Early Modern Europe,
Folger Books, Washington, D. C., 1989.

273. D. Merkur, “The Study of Spiritual Alchemy: Mysticism,
Gold-Making, and Esoteric Hermeneutics”, Ambix, 1990, 37, 35-45.

274. W. Newman, “Prophecy and Alchemy: The Origins of
Eirenaeus Philalethes”, Ambix, 1990, 37, 97-115.

275. M. Papathanassiou, “Stephanus of Alexandria: Pharmaceu-
tical Notions and Cosmology in his Alchemical Work”, Ambix, 1990,
37,121-133.

276. M. Pereira, The Alchemical Corpus Attributed to Raymond
Lull, The Warburg Institute, University of London, London, 1989.

277. W.F.Ryan, “Magic, Poisons, and the Virtues of Stones in the
Old Russian Secretum Secretorum”, Ambix, 1990, 37, 46-54.

278. F. Secret, “Alchimie, palingénésie et métempsychose chez
Guillaume Postel”, Chrysopoeia, 1989, 3, 3-60.

279.Z.R. W. von Martels, ed., Alchemy Revisited: Proceedings
of the International Conference on the History of Alchemy at the
University of Groningen 17-19 April 1989, Brill, Leiden, 1990.

280. G. Zanier, L'Espressione e I'Immagine: Introduzione a
Paracelso, Edizioni Lint, Trieste, 1988.

Reprints, Reproductions and Translations

281. H. Bessemer, Sir Henry Bessemer, F.R.S. An Autobiogra-
phy, Institute of Metals, London, 1989 (reprint of the 1905 edition).

282. V. Biringuccio, Pirotechnia, Dover, New York, NY, 1990,
(reprint of the 1942 English translation of the 1540 edition).

283. Constantine of Pisa, The Book of the Secrets of Alchemy,
Brill, Leiden, 1990 (translation and commentary on the manuscript of
1237 by B. Obrist).

284, Damigeron, De virtuibus lapidum, Ars Obscura, Seattle,
1989 (translated by P. T. Tahil).

285. P. Duhem, Le mixte et la combinaison chimique, essai sur
I'évolution d’une idée, Fayard, Paris, 1985 (reprint of the 1902
edition).

286. E. Egg, ed., Schwarzer Bergbuch, Akademische Druck- und
Verlagsanstalt, Graz, and Verlag Gliickauf GmbH, Essen, 1988
(reproduction of the 1556 manuscript with a commentary).

287. H. Guerlac, Lavoisier - The Critical Year: The Background
and Origins of his First Experiments on Combustion in 1772, Gordon
& Breach, New York, NY, 1990 (reprint of the 1961 Cornell edition).

288. E. J. Holmyard, Alchemy, Dover, New York, NY, 1990
(reprint of the 1957 Penguin edition).

289. D. McKie, Antoine Lavoisier: Scientist, Economist, Social
Reformer, Da Capo, New York, NY, 1990 (reprint of the 1952
Schuman edition).

290. J. D. van der Waals, On the Continuity of the Gaseous and
Liquid States, North Holland, Amsterdam, 1988 (anew translation by
J. S. Rowlinson of van der Waals’ 1873 thesis and his 1890 paper on

mixtures).

291. C.J.S. Thompson, The Lure and Romance of Alchemy, Bell,
New York, NY, 1990 (reprint of the 1932 Harrap edition).

292. L. P. Williams, Michael Faraday, Da Capo, New York, NY,
1987 (reprint of the 1964 Basic Books edition).

BOOK NOTES

A Science of Impurity: Water Analysis in Nineteenth Century
Britain. Christopher Hamlin, University of Califoria Press,
Berkeley and Los Angeles, 1990. xiii + 342 pp. Cloth (Type-
set). $45.00.

This is an extremely interesting case study of a little explored
aspect of the rise of the professional chemist - the role of
chemists - or, indeed, of scientists in general - as expert
consultants on matters of public health. Beginning with the
analysis of mineral waters in the 18th century and extending
through the debates on the relative roles of bacteriology versus
chemistry in water purification and management at the end of
the 19th century, Hamlin gives a disturbing picture of chemists
willing to assume the role of public expert, both for reasons of
enhancing the public status of their profession and in order to
financially supplement their often none too remunerative
academic and industrial positions, while at the same time
admitting within the chemical literature that the analytical
procedures they employed in making their expert pronounce-
ments were lacking a sound scientific basis.

The problems plaguing scientific water analysis were of
two kinds. The first of these, and the only one which properly
fell within the province of the chemist, was the problem of
destructive versus nondestructive methods of analysis. Were
the ingredients reported by the chemist actually present as such
in the water or were they generated from other ingredients by
the process of chemical analysis?

In modem terms, this reduces to the question of whether
one is using chemical or physical methods of analysis. Clas-
sical chemical analysis, which was the only kind available for
most of the 19th century, basically consists of synthesizing
known compounds from unknown compounds and is decid-
edly destructive. Though it can be used to infer unambiguously
the elemental composition of the unknown, inference of its
molecular composition and structure requires additional, and
often highly questionable, assumptions.

A very suggestive theoretical analysis of these problems
had been given by Berthollet early in the 19th century, and the
implications of hollet’s theory for water analysis were
clearly spelled out by the Scottish chemist, John Murray, in
1815. .Vevertheless, many chemists concemed with water
analysis continued to ignore these difficulties throughout the
rest of the century. Writers on the history of analytical chem-
istry have frequently commented on the fact that an explicit
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theory of chemical analysis did not begin to develop until the
last decade of the 19th century and nowhere is this lack of a
guiding theory for the design and evaluation of empirical
methods of analysis more apparent thanin Hamlin’s account of
19th century water analysis.

The second problem which plagued water analysis was
whether the chemical ingredients the chemist was attempting
to detect actually had the cause and effect relation to public
health claimed by the medical profession. This question is
really outside the province of the chemist, though this did not
stop several of them from taking public stands on this issue.

Aside from a rather cambersome method of recording the
references and footnotes, this volume is highly recommended
on all counts, especially to those interested in the history of
chemical analysis, in the rise of the chemical profession, and
in the larger question of the role of science in public policy
decisions. William B. Jensen, University of Cincinnati, Cincinnati,
OH 45221.

Aproximacién a la evolucién histérica de los métodos de
adjuste de las ecuaciones quimicas. Lluis Garrigés i Oltra,
Instituto de Cultura Juan Gil-Albert, Alicante, 1990 (in Span-
ish). 110 pp. Paper (Typeset). $6.00.

This short monograph is basically an historical review of
various methods that have been proposed for balancing
chemical equations. As such, it falls somewhere between the
history of science literature, on the one hand, and the educa-
tional literature, on the other. On the whole, it is probably of
most relevance to chemists interested in chemical education,
but may also be of interest to philosophers of science looking
for an entrée into the meaning and ontological status of
chemical equations.

Though the author cites a few late 18th and early 19th
century textbook discussions (mostly from Spanish texts) of
how to balance chemical equations, the vast majority of the
monograph deals with the late 19th century literature found
in Crookes” Chemical News and the 20th century literature
found in both the Journal of Chemical Education and in
Chemistry Magazine. Since this is a subject that has long
interested the reviewer, he can verify that the author has done
a thorough job of tracking down most of the pertinent refer-
ences.

The author concludes that all of the methods are equally
valid. While this is certainly true in the obvious sense that
ultimately they all lead to the same result - namely a properly
balanced equation - the reviewer would disagree that all of
them are equally explicit in revealing the basic assumptions
involved in the use of balanced equations. Ever since its
introduction by James Bottemley in 1877, it has been known
that the so-called algebraic method of balancing equations,
also known as the “method of equations of balance”, is the

most fundamental available, since it is explicitly based on the
twin principles of conservation of elements and conservation
of charge in all chemical reactions. Not only does this ap-
proach allow one to balance the most difficult equations, it
provides, in the form of a “degree of freedom” calculation, a
check on whether pertinent information is missing in the
equation and on whether one is actually dealing with a single
chemical reaction or with the sum of several simultaneous
reactions.

However, since the method requires the solution of a set of
simultaneous algebraic equations (one for each element and
one for the net charge), its lack of appeal in an introductory
chemistry course is self-evident. In lieu of this rigorous
approach, students are taught instead to balance equations by
“inspection” and, when the equation is too complex to readily
do this, they are given various rules for formally dissecting it
into a set of simpler “half-reactions”, each of which, when
coupled with such artifical devices as oxidation state conven-
tions and hypothetical electron transfers, is separately amend-
able to the inspection method. The balanced half-reactions are
then added together to give the final overall balanced equa-
tion.

Granted that there are sound pedagogical reasons foravoid-
ing the rigorous approach at the introductory level, the ques-
tion remains as to why this subject is not reviewed again in a
more sophisticated manner in introductory physical chemistry
courses. As things now stand, chemical engineers are exposed
to the algebraic approach but not professional chemists. One
result of this educational hiatus has been the continued propa-
gation of an embarrassing literature on ‘“‘nonstoichiometric
reactions” in the Journal of Chemical Education. Translation
of this book into English would do much to alert American
chemical educators to this flaw in our training.

Copies of the book can be ordered by writing to the Editor,
Ins “Juan Gil Albert”, Av. Estacion 6, 03005- Alicante, Spain.
William B. Jensen, University of Cincinnati, Cincinnati, OH 45221.

The Japanese and Western Science. Masao Watanabe, Univer-
sity of Pennsylvania Press, Philadelphia, PA, 1990. xiv + 141
pp. Cloth (Typeset). $28.95.

This is-an English translation, by O.T. Benfey of the Beckman
Center for the History of Chemistry, of a German translation of
the original Japanese text published in 1976. The book con-
tains seven, largely independent, essays dealing with various
aspects of late 19th and early 20th century contacts between
Japan and Western science, mostly in the fields of biology and
physics. The emphasis is on how the Western scientific
concepts (and their early representatives) were subtly modi-
fied by their contact with traditional Japanese culture. The
essays are straightforward accounts unmarred either by na-
tional chauvinism or the historiographic pretensions which
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abound in much of the recent literature in history of science.
The book is amply illustrated with both photographs and line
drawings, though some of the former are of rather poor quality.

Though chemistry is not discussed, the volume is recom-
mended to those interested in the history of Oriental science
and in the larger question of how science both reflects and
impacts on the culture of whichitis a part. Chemists may wish
to read it in conjunction with the detailed account by Shilhara
and McBee of the introduction of chemistry into Japan which
appeared in Chemical & Engineering News in 1988 (Oct. 31,
Pp. 26-40).

Svante Arrhenius. Yu. 1. Solovyov, Nauka Publishing,
Moscow, 1990 (in Russian). 320 pp. Cloth (Typeset). NPG.

Directed at a general audience interested in the history of
science, rather than just at physical chemists, this short biog-
raphy of Arrhenius deals not only with his work on the ionic
theory of dissociation and the temperature dependency of
reaction rates, but with his later sorties into the fields of
immunology and cosmology. The book is properly footnoted
and contains a complete bibliography of Arrhenius’ publica-
tions. Itisn’t apparent to what extent this volume derives from
the earlier biography of Arrhenius by Solovyov and Figurovski
published in 1959.

From Chuit & Naef to Firmenich. S.A. Roger Firmenich,
Firmenich Incorporated, Geneva, 1990. 139 pp. Paper (Type-
set). NPG.

This lavishly illustrated volume traces the history of this well-
known Swiss-based perfume and flavor company from its
founding by Philippe Chuit and Martin Naef in 1895 to its
present status as an international operation employing more
than 2000 persons in 18 different countries. The volume traces
not only the administrative aspects of the company’s history
butits involvement in research and development, including its
interactions with such famous chemists as Léopold Ruzicka
and Max Stoll.

LETTERS

Lavoisier’s Instruments

The apparatus and instruments used by Lavoisier are discussed
by a number of authors in the Winter 1989 (No. 5) issue of the
Bulletin. However, contrary to what is commonly believed,
much of his extant equipment was known to exist well before
the 20th century. The first modern notice of Lavoisier’s
apparatus is probably the publication of Truchotin 1879 (“Les
Instruments de Lavoisier”, Ann. Chim. Phys., 1879, 18, 289-

319). This paper provides an account, in somewhat embel-
lished style, of a visit to the chéteau of M. Etienne de Chazelles,
a descendent of Madame Lavoisier, near Aigueperse, Puy-de-
Dome and, in addition, mentions other items then in the
Conservatoire des Arts et Métiers. Truchot describes the bal-
ances and other pieces of equipment preserved by the family of
Madame Lavoisier. The famous painting of Lavoisier and his
wife by David is also mentioned as being viewed during the
vist to the chateau.

Ronald K. Smeltzer, Princeton, New Jersey

AWARDS
The Dexter Award

The 1991 Dexter Award for outstanding accomplishment in
the history of chemistry has been awarded to Dr. Owen
Hannaway of Johns Hopkins University. The award, which
consists of a cash prize of $2000 and an engraved plaque, was
presented to Dr. Hannaway at the Fall National ACS Meeting
in New York City.

Bom in Scotland, Dr. Hannaway received his B.Sc. in
chemistry from the University of Glasgow in 1961. This was
followed by a Ph.D. in 1965 for a thesis on “Early University
Courses in Chemistry” with particular emphasis on the 17th
century. After one year as a postdoctoral fellow under Aaron
Ihde at the University of Wisconsin, Dr. Hannaway went to
Johns Hopkins in 1967 as an Assistant Professor in the History

Owen Hannaway
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of Science Department. He became Professor of History of
Science in 1977 and has since served several terms as chairman
of the department.

Author of numerous articles and reviews, Dr. Hannaway is
perhaps best known for his 1975 monograph, The Chemists
and the Word: The Didactic Origins of Chemistry, which
contrasts the 16th century texts of Oswald Croll and Andreas
Libavius and their importance in the rise of modern chemical
education.

The Division would at this time also like to solicit nomina-
tions for the 1992 Dexter award. Nominations should include
a complete vita for the nominee, consisting of biographical
data, educational background, awards and honors, publica-
tions, presentations and other services to the profession; a
nominating letter summarizing the nominee’s achievementsin
the field of the history of chemistry and citing unique contribu-
tions which merit a major award; and at least two seconding
letters. Copies of no more than three publications may also be
included, if available. All nominations should be sent in
triplicate to Dr. James Traynham, Chairman of the Dexter
Award Committee, Department of Chemistry, Louisiana State
University, Baton Rouge, LA 70803 by 1 January 1992. It
should be emphasized that the award is intemational in scope
and that nominations are welcomed from all quarters. Previous
winners have included historians and chemists from Germany,
France, Holland, Hungary, and Great Britain.

The Outstanding Paper Award

The 1990 Outstanding Paper Award has been given to Dr.
Reynold E. Holmen of White Bear Lake, Minnesota for his
paper, “Kasimir Fajans (1887-1975): The Man and his Work”,
which appeared in two parts in the Fall 1989 (No. 4, pp. 15-23)
and Spring 1990 (No. 6, pp. 7-15) issues of the Bulletin, and the
1991 Outstanding Paper Award has been given to the late
Denis Quane of East Texas University for his paper, “The
Reception of Hydrogen Bonding by the Chemical Commu-
nity: 1920-1937”, which appeared in the Fall 1990 issue (No.
7, pp- 3-13).

The award, which consists of $100, a plaque, and $150
worth of books from Kluwer Academic Publishers, was pre-
sented to Dr. Holmen at the Fall National ACS Meeting in New
York City. Dr. Quane’s award was accepted on his behalf by
his sister, Anna Desharnais. All papers published in the
Bulletin are automatically considered for the award for up to
three years after the date of their publication.

The Edelstein Fellowship

The 1991-1992 Edelstein Fellowship in the History of Chemi-
cal Sciences and Technology has been awarded to Dr. Peter J.
T. Morris of Britain’s Open University. Dr. Morris will divide
his fellowship year between the Beckman Center for the

History of Chemistry in Philadelphia and the Edelstein Center
for History and Philosophy of Science, Technology and
Medicine in Jerusalem.

The Partington Prize

The 1990 Partington Prize has been awarded to Marco Beretta
of Uppsala University for his essay “The History of Chemistry
in the Eighteenth Century”. The prize of £100 is awarded
every three years by The Society for the History of Alchemy
and Chemistry for the best original unpublished essay on
history of chemistry by a scholar under the age of 30.

EVENTS OF INTEREST

* The Oesper Museum of Chemical Apparatus has received
donations of several artifacts related to recent articles in the
Bulletin. William D. Williams of Harding University has sent
in a sodium basket similar to the one discussed in the article
“Reinventing the Hofmann Sodium Spoon”, which appeared
in the Fall 1990 issue (pp. 38-39). The Chemistry Department
of the College of Saint Thomas in Saint Paul, Minnesota, has
donated an example of one of the first Becker chainomatic
balances as discussed by John Stock in the Winter 1990 issue
(pp. 12-15). The balance carries an acquision date of 1920 and
the original 1916 patent number. Alex and Hortense Berman of
Cincinnati have donated an original lithograph of the Honoré
Daumier caricature of the French chemist, Jean-Baptiste Dumas,
which was used on the cover of the same issue. The caricature
originally appeared in the 4 March 1850 issue of the journal Le
Charivari and was intended to satirize Dumas’ performance as
Minister of Agriculture. Dr. Berman has also provided a
translation of the original caption:

New prodigy of chemistry: Dumas has managed to produce a minis-
terial portfolio from his retort. Since coming to the ministry, the
chemist Dumas has always been careful to avoid the podium, on the
pretext that he is always occupied in analyzing the speeches of other
orators.

* Several activities of the Division have received publicity in
recent issues of Chemical & Engineering News. The paper, “A
Reevaluation of Dalton’s Data on Combining Proportions:
Were his Results Fraudulent?”, given by Melvyn C. Usselman
and K. D. Watson of the University of Western Ontario at the
Spring 1991 National ACS Meeting in Atlanta, was high-
lighted in the 6 May issue (pp. 43-44), and the Faraday
Symposium held at the same meeting, and organized by Derek
Davenport of Purdue University, was the cover article for the
23 September issue. The papers given at this syposium will
appear as a special Winter issue of the Bulletin which will be
published in early March.
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* The International Academic Conference on Chinese Scien-
tific and Technical History will be held in Hangzhou, Zhejiang
Province of the People's Republic of China on 25-30 August
1992. For further information contact the Secretariat of the
International Academic Conference on Chinese Scientific and
Technical History, 211 Yan’an Road, 310006 Hangzhou,
People's Republic of China or contact Shi Nam, Yao YaQin,
Tel. 556105, 555006, Telex. Hangzhou 0571-551101.

* Aninternational symposium in celebration of the centenary
of the death of August Wilhelm Hofmann, organized by the
Gesellschaft Deutscher Chemiker, The Royal Society of
Chemistry, and Humboldt Universitit, will be held in Berlinon
5-6May 1992. Speakers willinclude W. H. Brock, L. Burchardt,
W.Homix, J. A.Johnson, O.P. Kriitz, M. Rasch, C. A.Russell,
and H. W. Schiitt. For further details contact Gesellschaft
Deutscher Chemiker, Abt. Tagungen, Postfach 900440, D-
6000 Frankfurt am Main, Germany, Phone: (+69) 7919-360,
Fax: (+69) 7917-475.

* The 19th International Congress of History of Science will
take place in Zaragoza on 22-29 August 1993. For details
contact Professor Mariano Hormigén, Faculdad de Ciencas,
Ciudad Universitaria, E-50009, Zaragoza, Spain.

* A European colloquium to commemorate the bicentenary
of Lavoisier’s death, organized by the Académie des Sciences,
will be held in Paris on 3-6 May 1994. For further details
contact Madame Michele Goupil, Secrétaire du Comité Bicen-
tenaire Lavoisier, Académie des Sciences, 23 Quai Conti,
75006 Paris, France.

* Travel grants are available from the Beckman Center for
the History of Chemistry to enable interested individuals to
visit Philadelphia to make use of the Othmer Library, the Edgar
Fahs Smith Collection, and other associated facilities. The
grants, which may be used for travel, subsistence, and copying
costs, will not normally exceed $500. Applications should
include a vita, a one-paragraph statement on the research
proposed, a budget, and the addresses and telephone numbers
of tworeferences. Deadlines are 1 February for grants covering
the period April-June, 1 May for July-September, 1 August for
the period October-December, and 1 November for the period
January-March. Send applications to Lisa Kazanjian, Beck-
man Center for the History of Chemistry, 3401 Walnut Street,
Philadelphia, PA 19104-6228, (215) 898-4896.

* The Oesper Collection in the History of Chemistry of the
University of Cincinnati is looking for donations of old chem-
istry texts, photographs, prints, molecular models, and chemi-
cal apparatus to add to itscollections. Interested parties should
contact Dr. William B, Jensen, Department of Chemistry, ML
172, University of Cincinnati, Cincinnati, OH 45221.

FUTURE MEETINGS

San Francisco .... 5-10 April 1992

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

* General Papers. Contact J. L. Sturchio, Corporate Ar-
chives, Merck & Co., Inc., P.O. Box 2000, Rahway, NJ 07065-
0900, (908) 594-3981,FAX (908) 594-3977 or M. D. Saltzman,
Department of Chemistry, Providence College, Providence,
RI 02918, (401) 865-2298.

* Bay Area Biotechnology: History As It Happens. Contact
H. Lowood, History of Science & Technologies Collections,
Stanford University Libraries, Stanford University, Stanford,
CA 94066, (415) 723-4602 or J. L. Sturchio, Corporate Ar-
chives, Merck & Co., Inc.,P.O. Box 2000, Rahway, NJ 07065-
0900, (908) 594-3981, FAX (908) 594-3977.

* The Role of Chemistry and Materials in the Rise of Silicon
Valley. Contact H. Lowood, History of Science & Technolo-
gies Collections, Stanford University Libraries, Stanford
University, Stanford, CA 94066, (415) 723-4602 or J. L.
Sturchio, Corporate Archives, Merck & Co., Inc., P.O. Box
2000, Rahway, NJ 07065-0900, (908) 594-3981, FAX (908)
594-3977.

* Chemical Genealogy. Contact P. R. Jones, Department of
Chemistry, University of New Hampshire, Durham,NH 03824,
(603) 862-1550.

*  The Role of Chemistry in Science Fiction. Contact J. H.
Stocker, Department of Chemistry, University of New Or-
leans, New Orleans, LA 70148, (504) 286-6852.

Geneva .... 22-24 April 1992

*  100th Anniversary of the Geneva Conference. Organized
by J. G. Traynham, Department of Chemistry, Louisiana State
University, Baton Rouge, LA 70803, (504) 388-3459.
Washington DC .... 23-28 August 1992

Five copies of 150-word abstract (original on ACS Abstract
Form) by 15 April 1992. Title of paper by 1 April 1992.

* General Papers. Contact M. D. Saltzman (see address
above).

Denver .... 28 March - 2 April 1993

Five copies of 150-word abstract (original on ACS Abstract
Form) by 1 December 1992. Title of paper by 1 November
1992.

* General Papers. Contact M. D. Saltzman (see address
above).

Chicago .... 22-27 August 1993
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Five copies of 150-word abstract (original on ACS Abstract
Form) by 15 April 1993. Title of paper by 1 April 1993.

* General Papers. Contact M. D. Saltzman (see address
above).

* C.K.Ingold , 1893-1970. Master and Mandarin of P hysi-
cal Organic Chemistry. Contact M. D. Saltzman, Department
of Chemistry, Providence College, Providence, RI 02918,
(401) 865-2298, or Derek Davenport, Department of Chemis-
try, Purdue University, West Lafayette, IN 47907, (317) 494-
5465.

Tentative Future Symposia

(Please contactJ. L. Sturchio if you are interested in organizing
or participating in the following.)

*  Chemistry and Communications
* History of Chemical Processes in Industry
* Case Histories of Drug Discovery and Development

Note: The cosponsored symposia indicated with parentheses will
have their primary sponsorships by the divisions so named and the
programs will appear under their respective divisional headings.

PARTING SHOTS
The Stoddard Test Tube Clamp
William D. Williams, Harding University

The ubiquitous spring wire test tube holder is such a simple,
logical, convenient device that we tend to assume that it has
been in use forever. Surprisingly, it was invented about 1886
by an American chemist, John T. Stoddard. Although chemi-
cal supply catalogs from 1893 to the presentday have listed this
item as the “Stoddard test tube clamp”, Stoddard himself
remains relatively unknown.

A paper twist test tube clamp, circa 1850 (1)

Prior to 1890 the most often used test tube clamp was a strip
of heavy paper twisted around the test tube (1). Campbell
Morfit, in his 1857 encyclopedic Chemical and Pharmaceuti-
cal Manipulations, described a sophisticated “spring holder,
consisting of a wooden handle affixed to two flat pieces of
sheet brass, indented at their ends so as to form a round catch,
and tightened or loosened by a slide” (2).

Morfit's metal slide clamp, circa 1857 (2)

A-prominent text of 1873 described “wooden nippers, made
with two bits of wood about a foot long, hinged together at the
back and at once connected and kept apart by a sliding steel or
brass spring, somewhat like those used on certain pruning
shears” (3).

A wooden nippers clamp, circa 1873 (3)

Chemical supply catalogs of the 1890s and early 1900s offered
a test tube clamp made of two notched pieces of wood held
together by a heavy rubber band (4).

The rubber band clamp, circa 1890 (4)
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John T. Stoddard found this last mentioned clamp objec-
tionable and in 1890 published a paper describing his “New
Test Tube Holder” (5):

The annoyance experienced in using the common wooden test-tube
holder led me some years ago to attempt to devise a holder which
should serve its purpose more perfectly. The wooden holder is
clumsy, its rubber band rots and is liable to give way at awkward
moments, the peg becomes unglued and drops out, and even iniits best
estate it holds securely only medium-sized test-tubes ... The new
holder has been in use in my laboratory for four years now, and has
given such good satisfaction that I venture to call attention to it in a
formrecently somewhat improved. Itis made of brass wire, and opens
by pressure on the straight sides of the handle; its jaws open to the
width of 5 cm and it holds firmly any tube from 5 mm up. I have
recently had a larger size made of stiffer wire for the purpose of
holding flasks, &c. It proves very convenient as a holder of wash-
bottles when one is washing with boiling water, and also for holding
beakers when decanting hot solutions. Both sizes are furnished by the
Victor Manufacturing Co., Northampton, Mass.

Stoddard’s article included a drawing of the clamp that is
almost identical to those in current apparatus catalogs.

Stoddard's original wire test tube clamp, circa 1890 (5).

John Tappen Stoddard (1852-1919) graduated from Amherst
in 1874 and received aPh.D. under Hans Hiibner at Gottingen,
Germany in 1877. Joining the faculty of Smith College,
Northampton, Massachusetts in 1878, he served 41 years as
professor of chemistry and physics. A new chemistry building
he helped design in 1898 was named Stoddard Hall after his
death (6). Primarily an educator rather than a researcher, he
encouraged undergraduate research at Smith and wrote chem-
istry texts that were widely used through several editions,
including a volume on qualitative analysis (7), two general
chemistry texts (8, 9), a laboratory manual for general chem-
istry (10) and an organic text (11). A slightly different aspect
of his personality is revealed in his book, The Science of
Billiards with Practical Applications, which he published in
1913 (16).

A search of early American chemical supply catalogs
reveals that Stoddard’s clamp was quickly accepted. The 1893
catalog of Emil Greiner listed “Clamps, of brass, Stoddard’s
form, in two sizes, the smaller suitable for all sizes of test tubes;
the larger, of stiffer wire, for holding flasks, wash-bottles with

John Tappen Stoddard (15)

boiling water, or beakers, when decanting solutions. Small
size, 20 cents each; Large size, $0.25" (12). This same catalog
also offered the wooden-rubber band model for 15 cents and
the wooden handle-metal with slide catch model for 40 cents.
The 1906 Arthur H. Thomas catalog listed the wooden-rubber
band model for 15 cents and “Stoddard’s Test Tube Clamp” for
15 and 20 cents in brass wire and for 10 and 15 cents in
“nickeled” wire (13). The 1914 E. H. Sargent catalog offered
“Stoddard’s Clamps for Test Tubes, of spring brass” for 10
cents and a wood clamp of “improved construction with wire
spring’ for 10 cents (14). The latter was the clothes-pin type
that, despite its antiquated look, is still available in some 1991
catalogs.

A clothes-pin clamp, circa 1914 (14)

Although Stoddard’s original design is still available in all
current apparatus catalogs, some suppliers no longer use his
name in the listing. The clamp is attributed to Stoddard in the
1991 Sargent-Welch catalog, the 1990 catalog of Carolina
Biological Supply Co. and the 1990 Cenco catalog. The 1988
Arthur H. Thomas catalog identifies this model as “Test tube
holder, Thomas”, but offers a modified model as “Stoddard-
Thomas.” Recent Fisher Scientific catalogs do not use the
name Stoddard, but their 1972 and earlier catalogs identified it
as “Clamp, Stoddard.” Some suppliers also list a second
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Stoddard model with “finger grips” and a “Stoddard Dish
Clamp, for holding and manipulating evaporating dishes”.

Modern versions of Stoddard's wire clamps
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