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Methods and Styles in the Development of Chemistry are also some caveats to that recommendation, though |
Joseph S. Fruton, American Philosophical Society, Phila-am loath to place the responsibility for these solely on
delphia, PA, 2002; xviii + 332 pp, Cloth, ISBN 0-87169- Dr. Fruton and suspect that many of them are due to the
245-7; $40. publisher and editors since they apply equally well to

i ) ) much of the recent literature in the field.
Winner of the 1993 Dexter Award in the History of

Chemistry, Dr. Fruton is best known for his work on the The first deals with the book’s title. There was a
history of biochemistry and, more recently, for his es- time when academic books had honest titles which suc-
says and autobiography. This small, attractive volume cinctly summarized their contents and intended use, such
represents his first venture into the general history of as “A Short History of Chemistry”, “An Introductory
chemistry and is very much in the tradition of the well- History of Chemistry”, etc., but starting in the 1970s it
known short histories of chemistry by Partington and became fashionable to base titles either on catchy “in
Leicester, both of which are still available as quality the know” phrases (e.g., “Atoms and Powers”) or gran-
Dover paperbacks. Like its predecessors, the book tendsliose higher historical or cultural themes (e.g., “Enlight-
to emphasize the lives of famous chemists and, like them,enment Science in the Romantic Era”) with only the
its coverage of 20th-century developments after 1925 issubtitles following the colon giving any real concrete
minimal at best. However, Dr. Fruton has a lighter, more information about the book’s actual contents. Though
discursive writing style, which makes his book a much Dr. Fruton has been a keen critic of much of this histori-
better read, and has availed himself of much of the re-cal silliness, as witnessed by his essays and the conclu-
cent secondary literature in the history of chemistry, as sion to the book under review, he nevertheless appears
is apparent from the excellent notes appended to the endio have fallen into this trap himself. The title “Methods
of the book. and Styles in the History of Chemistry” surely suggests
a special emphasis on instrumental and procedural in-
novations (methods) and a detailed study of each
scientist’s published works in order to identify philo-
sophical choices, favored approaches to problem solv-
ing, preferences for certain types of experimental or

The book is divided into ten chapters which are the-
matic in content but also roughly chronological in terms
of when the topics in question became historically im-
portant. Protochemistry is covered in the first chapter

under the title “The Greek Inheritance and Alchemy,” 0 retical argument, etc. (style). But nothing of this sort
followed by two chapters dealing with the 17th and 18th g 55parent in this book beyond a general discussion of
centu_rles (“Chgmlcal C_omposn_lon aqd Phlogiston” and ;¢ topic in the forward. As already pointed out, the
“Antoine Lavoisier”), five degllng with 19th-century special emphasis, if any, is biographical; and Fruton
Ejeve!opments (Ator_r?,s..’ Equivalents, and Elements; appears to use the term “style” in a highly idiosyncratic
Radicals and Types;” “Valence and Molecular Struc- anner to denote what is, in reality, nothing more than

ture;” “Stereochemistry and Organic Synthesis;” and 5 symmary of a given chemist's research accomplish-
Forces, Equilibria, and Rates”), one dealing with the | onts

20th century (“Electrons, Reaction Mechanisms, and

Organic Synthesis”), and a final “Conclusion.” | would A second criticism deals with the illustrations. In
strongly recommend this book as a possible text for ascientific writing illustrations are highly integrated with

one-quarter or one-semester history of chemistry coursethe text and serve to clarify difficult points. In contrast
directed at chemistry majors. That said, however, thereto histories of chemistry written by chemists, those writ-
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ten by historians are notable for their lack of illustra- €rature. Thus van't Hoff's isochore is incorrectly given
tions. Though this has improved somewhat in recent (P. 176) as:

years, one rece?ves t_he impression that many of the il- dInK/dT = AInU/RT2 instead of dinK/dT = AH/RT2
lustrations used in their books have been added as a deco-

rative afterthought; and the same appears to be the cas€he Arrhenius equation is incorrectly given (p. 176) as:
with some of the illustrations in this book, few of which
are discussed in any substantive manner within the body
of the text or in the captions. Thus, though an entire and the Nernst equation (written for some reason for a
chapter is devoted to chemical types, not a single typeconcentration cell rather than for a redox couple) is in-
formulais illustrated, while an entire page is consumed correctly given (p. 183) as

in showing Faraday's apparatus for the measurement of

electromagnetic rotation, a topic of little relevance to E = (RT/NJFIn(C,/C)) instead ofE = (RT/NF)In(C/C)

the history of chemistry.

Ink = AeFRT instead of k = AeFRT

Likewise on pages 173-174, Gibbs’ equation from his

A third criticism has to do with equations and for- 1873 memoir on graphical methods for the thermody-
mulas. According to historians, chemists who write namics of fluids:
about history of chemistry are usually guilty of two sins: de = tw — pdv
whiggism and writing for other chemists. Though com-
mon sense would dictate that chemists are the most logiis both incorrectly reproduced (Gibbs usgtther than
cal audience for books dealing with the history of chem- u for entropy) and incorrectly identified with his later
istry, said historians have managed to delude themselvegree-energy equation:
and their publishers into believing that there is a vast AG = AH — TAS
nonchemical audience for books of this type. Two un-
foreseen consequences of this delusion appear to be th@hen in fact it is Gibbs’ expansion of the equation for
assumptions that the use of chemical formulas and maththe first law of thermodynamics:
ematical equations must be kept to an absolute mini-
mum (and preferably banished to an appendix if pos- AU = AQ + AW = TAS - RV

sible) and that itis unnecessary to have a qualified chem-and the free-energy equation does not appear until Gibbs'
ist read the manuscript before publication. The result |ater memoir on the equilibrium of heterogeneous sub-

elementary chemical errors in recent history of chemis-

try publications. Examples include John Servos’ defi- C=¢—t+pv
nition of a reaction rate, in his otherwise excellent his-
tory of American physical chemistry community, as the AF
change in concentration with respect to temperature (in-
stead of time), and Elisabeth Crawford’s painful page-
long attempt, in her otherwise outstanding biography of
Arrhenius, to verbally describe the factors involved in

Finally, free-energy is represented as bo@and
at various points in the chapter without explicit men-
tion of the change in notation and E is used to symbol-
ize both activation energy and electrochemical poten-
tial, also without comment.

measuring the conductivity of an electrolyte solution, A final criticism involves the coverage of 20th-cen-
when reproduction of the appropriate equation would tury chemistry. As noted earlier, the short histories by
have made all instantaneously obvious. Partington and Leicester have little to say about 20th-

century events beyond the establishment of Bohr's model
of the atom and early radiochemistry. Fruton does
slightly better as he not only discusses these events, but
also early electronic bonding models and the rise of
. . . ) ephysical organic chemistry to about 1966. However,
portions of his manuscript. But they are there in abun- nothing is said about colloid and surface chemistry,

dance, especially in the chapter on “Forces, Equilibria modern solid-state and inorganic chemistry, quantum

and R_ates,” _where the pubhsherl has chosen to set thestatistical mechanics, or developments in the field of
equations within the body of written text, rather than analytical chemistry.

setting each on a separate line for proper emphasis, as is
universally done in the technical and mathematical lit-

The appearance of similar errors in Dr. Fruton’s
book is more puzzling since he is both an outstanding
chemist and historian and, to judge from his acknowl-
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Nevertheless, once these criticisms and limitations would rate it, along with Bill Brock’s 1992 history, as
are apparent, it is easy enough for a teacher to provideone of the best short histories to appear in the last 40
the necessary corrections and supplements, and | stanglears.William B. Jensen, Department of Chemistry,
by my earlier recommendation of this book. Indeed, | University of Cincinnati, Cincinnati, OH 45221-0173.

The German Chemical Industry in the Twentieth Cen- operations in dyestuffs, ammonia, and synthetic oil by
tury_ John E. Lesch, Ed1 Kluwer Academic Pub”shersl |. G. Farben in the 1920s and 1930s. For this reVieWGr,
Dordrecht, Boston, London, 2000, viii + 449 pp. Hard- ©one of the most revealing accounts is found in the paper

cover. ISBN 0-7923-6487-2. Euro 163.50; $176. by M. Wilkins, “German Chemical Firms in the United
States from the late Nineteenth Century to the post-World

This book, Volume 18 in the “Chemists and Chem- \yare || Period.” Here the reader can follow the fate of
istry” series from Kluwer, is a collection of 14 papers German firms established in the U.S. before World War
from a conference held at Berkeley, CAin March 1997. | thejr demise, and rejuvenation after 1945. The Bayer
In the introduction by the editor, Department of History aspirin saga is an especially dramatic example. These
at Berkeley, the three themes of the volume are enumerinternational negotiations between the two world wars

ated: research and development, impact abroad, and agye further explored by K. Steen from the political point
account of the German chemical industry since 1945. of view in the final paper in Part L.

Except for a short chapter on “I.G. Farben Revisited,”
the chapters are presented in Parts I-1ll according to the ~ Part lil, “The Industry since 1945,” is made up of
three themes. The first two papers in Part —“Researchfour papers by social scientists. In the first, the legacy
and Technological Innovation”—by J. A. Johnson and of anti-Semitism is treated by means of the Richard
D. Stoltzenberg (the recent Haber biographer) provide Willstatter controversy. The second covers the often
insightful descriptions of the effective research programs short-sighted and selfish handling by the Soviets of
in the German chemical industry, with emphasis on the chemical industry in East Germany after 1945. Next
academic-industrial symbiosis in the period 1903-1939 comes an overview of developments in chemical indus-
and the particular roles played by Emil Fischer and Carl try in the 1980s in the U.S., Japan, and Western Europe
Duisberg. The impact of World War | is described here (notlimited to Germany). The final chapter by R. Stokes
and also in the following paper by M. Széllése-Janze, Provides an overview of the conference and poses the
“Losing the War but Gaining Ground: The German guestion as to what additional research remains for his-
Chemical Industry during World War I.” In the follow-  torians of the German chemical industry in th& 2én-

ing chapter by P. Léhnert and M. Gill, the handling of tury.

Jewish scientists and those married to Jews at I.G.
Farben’s Agfa Filmfabrik Wolfen in the 1930s is docu-
mented. A. N. Stranges describes Germany’s synthetic
fuel industry, 1930-1945, in the last paper in Part I.

The authors have consistently substantiated their
presentations with documentation in the form of lists
and tables. While this strengthens the narrative, it makes
for heavy reading. (This reviewer managed to get

The four papers in Part Il deal with the interaction through the book over the period of a year.) Yet the
of Germany chemical industry with Great Britain, Ja- Volume is a valuable resource for anyone who seeks an
pan, and the United States. U. Marsch makes a case fopverview of the evolution of the Germany chemical in-
the development of a strong British chemical industry, dustry. Chemists will probably find less compelling
with the German’s as model. This included formation those papers dealing with social, economic, and politi-
of British Dyestuffs Ltd., founding of numerous research cal impact. This reader was gratified by the straightfor-
associations (modeled after the Kaiser-Wilhelm Insti- Ward account of Emil Fischer's suicide (p 87), so often
tutes), and initiation of governmental financial support Overlooked or even denied. Inevitably one finds over-
for industry. A. Kudo describes the opening in Japan of lap and repetition of some aspects of the subject from
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chapter to chapter: background settings, the Jewish di-Planck Institutes). Although errata appear throughout

lemma, impact of wars, the reaction to the economic the book, some of them can be attributed to oversights

depression, the Kaiser-Wilhelm Institutes (later Max- in translation (“trinitrotoluol,” e.g.)Paul R. Jones, Uni-
versity of Michigan

The Philosophy of Robert BoylePeter R. Anstey, moved in the opposite direction, from Boyle’s general
Routledge, London, 2000. xv + 231 pp. $90. reductive principles (termed the “top-down approach”
by Anstey), by which all sensible qualities are reduced
to increasingly smaller concretions of corpuscles until
reaching the individual atoms. Anstey concludes that
Boyle ultimately remained agnostic about the primacy
of properties such as infinite indivisibility and impen-

The last fifteen years have seen a wave of new
scholarship on Robert Boyle that has recast the old im-
age of him as the “father” of modern chemistry, to a
mechanical philosopher firmly embedded in the world

and thought of seventeenth-century natural philosophy. etrability of matter, but matter without the properties of

We now know more, for example, about Boyle's devel- size, shape, and texture was inconceivable to him. Hav-

ppment asa natural phllqs_oph_er a}nd theomg'an and hISmg discussed the nature of Boyle's primary qualities,
intense interest and participation in the alchemical tra-

" Anstey then moves on to unravel Boyle’'s complex on-
dition. Boyle has Iong bee’? regardgd as one of thetology of the sensible (nonmechanical) qualities and their
founders of the mechanlcal philosophy in the Sev(_emeemhrelation to the mechanical qualities. Such an understand-
century, an_d historians hqv_e ".’”SO recently artlculat,ed ing is important for uncovering Boyle’s stance on the
more prem;ely the specific influences on .Boyles sensible qualities, a central issue in the mechanical phi-
corpuscularianism. Yet Boyle’s style as a writer, and

. N e . losophy, and more precisely, his influence on Isaac
his Ifn.own pUb“(.: dl‘s‘,dam for”procla|m|ng and creating Newton’s form of corpuscularianism and John Locke’s
expllc!t _overarchmg s_ystems (.)f nature, have precluded well known differentiation of the primary and second-
an efficient systematic analysis of Boyle’s mechanical ary qualities.
philosophy. InThe Philosophy of Robert Boyknstey
attempts to reconstruct the fundamental assumptions In the second half of the book Anstey turns to
underlying Boyle's mechanical philosophy, including the Boyle's concept of motion and the nature of Boyle's
primary qualities of matter, the nature of causation, natu- “mechanism” in the mechanical philosophy. Boyle did
ral law, motion and place, and the interaction of the cor- not offer a comprehensive mathematical theory of mo-
poreal realm of brute matter with the incorporeal realm tion that departed from or elaborated on Descartes’ or
of spirit and God. Galileo’s detailed treatment of motion; but it does seem
. , clear that Boyle thought a great deal about motion and

The.f.lrst part. of the book treats Boyle's the'ory of its importance in understanding the nature of causation
the qualities. It is well known that Boyle conS|dered. and natural law in the mechanical philosophy. For ex-

SIZ€, sha?tg, m?cti)or:j,.and\;e?turz oftatom§ :O bet tge Fi”'ample, like many of his contemporaries, Boyle clearly
mary qualities orbodies. vet as Anstey points out, Boyle rejected the scholastic distinction between “natural” and

was not explicit as to why he chose th.ese .p“?p.e'ft‘?.s 4Syjiolent” motions. Because he was primarily concerned
primary and not others such as extension, indivisibility, with explicating the qualities of bodies and not their

?r: |n(1)p§r)etr?|lglllty. Fro(rjn a Cll(_)festeatdmgf?f Boykélls motion or place, Boyle usually discussed the concept of
e Origin of Forms and QualitieAnstey offers a clas- “place” as in his theological and epistemological works,

tsmcatlon of ?ualgtlels ?ccr:)r'dlngfto Boyle andl'ts',ugg_(le_f]ts and not in his discussions of the mechanical philosophy
f.WOt Teaslc’”fj or Oy.es? 0|cteho prlmarquuc';t\k: I€S. | € proper. An understanding of motion was also central to
Irstinvolved reasoning from the corpuscies themselves Boyle's concept of natural law, God’s relationship to

towards the sensible qualities, termed by Anstey the his creation, and the interaction of mind and body. Af-
“bottom-up approach.” The second mode of reasoning ’
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ter extensively examining each of these issues in Boyle’ssome exceptions he fits his own conclusions within that
works, Anstey suggests that Boyle was a “nomic framework rather than offering an entirely new picture
occasionalist,” meaning that the causal interaction of of Boyle. For example, Anstey notes that Boyle’s al-
bodies required that God intervene in a law-like way. chemy fits well with his nomic occasionalism, as his
Boyle’s recourse to this nomic occasionalism allowed attempt to locate the philosopher’s stone was also a
him to avoid the deistic implications of the mechanical search for a tangible link between the material and spiri-
philosophy, while recognizing that nature itself could tual realms. The Philosophy of Robert Boytain be
have a hand in causing phenomena. heavy reading at times for the author assumes a basic
knowledge of seventeenth-century philosophical catego-
ries such as voluntarism, occasionalism, and concur-
rence; but it is worth a close examination for understand-
ing the nature of Boyle’s natural philosophigeter J.
Ramberg, Division of Science, Truman State University,
Kirksville, MO 63501.

Anstey is well versed in the Boyle corpus, relying
on well known works such a& Free Inquiry into the
Vulgarly Received Notion of Natyighe Origin of Forms
and Qualities andThe Christian Virtuos@as well as
lesser known works. His analysis also relies on a good
knowledge of the current historiography on Boyle; with

Mendeleyev's Dream: The Quest for the Elemefs. The third chapter deals with Europe in the Middle
Strathern, Berkley Books, New York, NY, 2000, 309 pp., Ages and the emergence of scientific thought and the
ISBN 0-425-18467-6. $14. conflict with the Roman church. The ideas of Roger

, . Bacon are discussed to illustrate this point. The works

Paul Strathern has written a very readable, brief o¢ e Arab alchemists, having now been translated,
popular history of the foundations of the chemical SCi- \yare disseminated in Europe: and new discoveries of a
ences. To those casual readers who want to understanda tical nature were being made in the context of the
the development of the chemical sciences Strathern hagyye o1q attempt to find the mythical philosopher’s stone.
performed a marvelous service. A brief description of g,y laboratory techniques were invented and old ones
how Mendeleyev produced his periodic law in 1869 in- improved upon by the European alchemists. The dis-

cluding the dream scenario ala Kekulé forms the pro- oqyery of new substances is also found in this chapter.
logue and setting for the rest of the book. Combining a

background in chemistry, physics, mathematics and phi- A whole chapter is devoted to Paracelsus, whose
losophy, this prolific author has produced a book that is life, accomplishments, and influence are reviewed in
both enjoyable to read and also provides delightful an- great detail. Many anecdotes about this remarkable per-
ecdotes in each chapter that teachers at all levels willson are given and to this reviewer this was one of the
find particularly useful. better chapters in the book. Paracelsus died two years
prior to the publication of Copernicusevolutions of

the Heavenly Spherasd the next two chapters are de-

chronological format. The first chapter deals with as- \ota 1o a brief but very readable analysis of the scien-
pects of Greek natural philosophy concerning the Struc- yific reyolution. Particularly interesting are the discus-
ture of matter. In a concise manner the major ideas con-

; : sions of Nicolas of Cusa (1401-1464), who anticipated
cerning the elements of Empedocles, Aristotle, and Plato

i - in many ways Copernicus and Giordano Bruno, whose
are discussed. The second chapter deals with the fo“”?adical ideas included the revival of the atomism of

dations of alchemy in Alexandria, where the Greek philo- | \,retiys. Galileo, Descartes, Gilbert, and Francis Ba-
sophical tradition was blended with Egyptian technol- o receive ample attention for their philosophical per-

ogy to produce alchemy. Following the decline of Al- spectives on the methodology of science.
exandria, alchemy had a rebirth in the new Arab civili-

zation, which spread across the Middle East, North Af- In the next chapter, “A Born-Again Science,” the
rica, and parts of Europe. The contributions of the Arab important discoveries of van Helmont concerning the
alchemists Jabir, Al-Razzi, and Avicenna are discussedgaseous state and the use of quantitative methods are
in detail. stressed. Strathern credits van Helmont as the founder

The text is divided into 14 chapters arranged in
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of biochemistry and discusses the experiments that heThe development of this theory of chemical transfor-
performed that led to this appellation. Franciscus Sylvius mations as developed first by Becher and extended by
, a pupil of van Helmont, continued his work and saw Stahl is given in detail. In the context of the phlogiston
digestion as a chemical process involving acids andtheory the work of the great English eccentric Henry
bases. He was able to extend these ideas to a descrigzavendish and the Unitarian minister-turned-chemist
tion of the process of neutralization and the origin of Joseph Priestley are found in this chapter. The discus-
salts. Through his experiments Sylvius was leading the sion of their lives as presented will be useful as back-
way to the distinction between elements and compounds.ground for any general discussion of this period in the
An interesting anecdote in this chapter, typical of many history of chemistry.

found in the text, is the origin of the name for the drink
gin. As Strathern relates, Sylvius developed a cure for
kidney ailments by mixing distilled grain spirit flavored
with juniper berries, called in Dutgfenever Although

it failed as a cure-all, it became a popular drink and in
English was abbreviated to gin.

The last four chapters are the most disappointing.
In a scant 70 pages the author takes up the Chemical
Revolution, Dalton and the atomic theory, the work of
Berzelius and Davy, as well the early attempts at the
periodic classification of the elements. In the last chap-
ter he returns to Mendeleyev in more detail. For the

The ideas of Robert Boyle on the composition of casual reader there is sufficient material to give a flavor
matter are also treated in this chapter. Boyle is shownof this crucial era in these four chapters.

to be typical of many of the scientific elite of his time in This being a pooular history. there are no footnotes
terms of their interest in theological matters and their . gapop Y

. T - in the text, although there are suggested further read-
self-deprecation of their scientific contributions. Boyle, . ¢ h of the chapt tth d of the text. Th
fascinated by the work of Otto von Guericke, had Rob- Ings foreach ot the chapters atthe end ol tnetext. 1 hese

. . include reference works, monographs, and journal ar-
ert Hooke build an effective laboratory vacuum pump. ticles. There is a seven-page index that will be helpful
This led to his law and the demystification of air as an ' bag P

element. Boyle's most significant practical chemical for finding specific points.

contribution was the development of an indicator for This reasonably priced book is not in the same cat-
acids and bases prepared from an extract of the violetegory as Ihde’$he Development of Modern Chemistry
plant. or Brock’sNorton History of Chemistrigut is aimed at

a general audience. For practicing chemists and stu-
dents of the discipline with little knowledge of the de-
velopment of their field of study this book is an ideal
first step. Along with the more scholarly recently pub-
lished work of Trevor Lever&ansforming Mattethese
make a good paiMartin D. Saltzman, Providence Col-
lege Providence, RI, 02918.

In Chapter 8 the discovery of several new elements,
phosphorus by Brand in 1669, chlorine by Scheele in
1770, nickel by Cronstedt (1751), and platinum acci-
dentally in 1735, make for fascinating reading. The
material on Scheele was particularly enlightening given
the short shrift he is accorded in most texts. “The Great
Phlogiston Mystery” is discussed in the next chapter.

Heinrich Caro and the Creation of Modern Chemical Reinhardt and Anthony Travis have not only produced
Industry. C. Reinhardt and A. S. Travis, Kluwer Aca- the first complete biography of Caro, but have also ad-
demic Publishers, Dordrecht, Boston, London, 28gid,  dressed questions as to what factors enabled the organic
+ 453 pp. ISBN 0-7923-6602-6. $189. chemical industry to grow and prosper in Germany dur-
» _ ing Caro’s lifetime. By following the growth of Caro’s
If William Henry Perkin (1838-1907) was respon- employer BASF, they have also given us an insight into

cal industry, then, as this book makes clear, it wasmanufacturing power in the world.

Heinrich Caro who made it possible for the industry to

reach its full potential in the nineteenth century. Carsten  This is a masterfully researched work, based upon
a wealth of material deposited at the Deutsches Museum
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in Munich by Caro’s daughter Amalie, as well as upon Caro was very aware that even a secular Jew had very
other primary and secondary sources. The authors’ predimited opportunities in the Prussian academic world.
sentation is written on two levels, so that those without Therefore he did not seek a university degree but opted
any knowledge of organic chemistry can follow the nar- for the practical training of the trade school. Caro,
rative with little difficulty, while those familiar with el-  “[d]riven by a combination of natural ability and the
ementary organic chemistry will be better able to ap- sure knowledge that in the future he would have to sup-
preciate the key developments in the chemistry of syn- port himself, ... spared no efforts with his studies.” (p.
thetic dyes. 25). Caro’s teachers were Karl Friedrich Rammelsberg
and Gustav Magnus, also of Jewish descent. As pointed
out by the authors, it was this lack of entry into the aca-
demic world which led men such as Caro—and other
future graduates of the Gewerbeinstitut (from 1866

nown as Gewerbeacademie) in the 1850s and 1860s,
such as August Leonhardt, Ivan Levenstein, and Carl
Liebermann—into the world of practical chemistry. This
in turn would set the agenda for much academic research
in the nineteenth century.

The text is divided into twelve chapters; the first
two deal with Caro from his birth in 1834 until 1859
when he finished his apprenticeship as a calico printer.
The next three chapters cover the years 1859-1866 whic
he spent in England, where he took part in the synthetic
dye revolution. Chapters 6-9 are devoted to Caro’s ca-
reer at BASF, which lasted from 1868-1890. Chapters
10 and 11 summarize his life in terms of his accom-
plishments and failings, as well as the years from 1890
until his death in 1910, during which time he remained His teachers suggested that Caro consider a career
a member of the supervisory board of BASF and an in calico (cotton) printing as a textile colorist. Well paid
observer of the dye industry. Finally in the last chapter employees, colorists were responsible for preparing and
the authors discuss the myth and history associated withfixing dyes as well as creating designs. This required
Caro. The text includes 64 pages of notes, a twelve-an apprenticeship, the posts for which were difficult to
page bibliography, and indexes according to dye type, obtain. Caro was able to secure one at the C. & F. Troost
name, and companies. There are numerous photographprinting factory in Milheim in May, 1855. Only natu-
and other illustrations. ral or semi-synthetic dyes were used. The authors
present concise descriptions of the most important dyes
of the time, particularly madder (the basis of Turkey
Red) and its refined form known as garancine, as well
as the role chemists played in their preparation and ap-
plication.

Heinrich Caro was born in the town of Posen, East
Prussia (Poznan, Poland), the son of Simon and Amalie
Caro. His Jewish ancestry would play an important role
in the shaping of his future career. In 1842 Caro’s fa-
ther decided to move to Berlin, where he felt the busi-
ness opportunities and educational environment would Caro’s apprenticeship was to last for three years;
be better for his sons. Caro’s parents are best describedhost of his salary going to pay for the instructions from
as secular, but still rooted in Jewish tradition. the resident colorist at Troost, Achille Steinbach. Caro
was willing to put up with long hours and miserable liv-
ing conditions since he knew that, when his apprentice-
ship was completed, he would be qualified to teach the

In Berlin, Caro attended the Kolnische
Realgymnasium where he proved to be an indifferent

student at first. He was very taken with literature and trade himself or obtain lucrative employment in the

music and wrote rather bad poetry, we are told. CaroGerman textile industry. “Calico printing consumed his

became interested in liberal politics and was an observer___. : : ;
i ) ) ) entire being. His perseverance and rapid progress, draw-
of the failed Revolution of March, 1848 in Berlin. Caro’s 9 P pid prog

) . . ing on his chemical education and a philosophy of self-
opportunity t_o wqu in the chem|ca|_ Iaporatory of the help, were to become the hallmarks of a man who would
Realg;:n’tmﬁm:m N 1,[820 c_?hanaed h'f “feb He.tnow be- change the course of the history of dye technology.” (p.
came tolally fascinated with chemistry. - Despité some 38). The authors provide an excellent description of the
misgivings on the part of his father, but with the en-

t of hi ther. Caro decided that chem problems of using madder colors and include pictures
couragement ot his mother, -aro decided that chemis-, drawings of equipment used in the calico printing
try would be his field of study.

industry. In 1857, Caro’s employer sent him to Manches-
In 1852 Caro completed his secondary school edu-ter, England, where he was able to see for the first time
cation and sought admission to Berlin’s Kénigliches the large-scale application of organic chemistry in the

Gewerbeinstitut, the leading technical college in Prussia. textile industry. Contacts were made with manufactur-
ers and colorists that would lead, in the autumn of 1859,
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to his return to Manchester after completing his appren- Of calico printing with the newly emerging synthetic dye
ticeship. industry.

The authors devote three chapters to the Manches- ~ The synthetic dye industry in the 1860s was a cut-
ter years, 1859-1866, which were critical for Caro’s later throat business with scheming, double-dealing, and in-
major contributions to the dye industry. In the autumn dustrial espionage the norms. Alliances were formed
of 1859, armed with letters of introduction, Caro came and broken all in the name of improving profits and sta-
to Manchester, which with Huddersfield, were the dye tus of individual chemists and their employers. Caro
manufacturing centers in Great Britain. The industry seemed to have been able to acquit himself well in this
was undergoing a major change from natural and semi-environment and became one of the most important in-
synthetic dyes to the new synthetic aniline dyes discov-dividuals in the British dye industry. He was constantly
ered in 1856 by William Henry Perkin. Caro was hired called upon for advice and developed skills as an expert
by the firm of Roberts, Dale & Co., a leading Manches- Witness in cases of litigation.

ter manufacturer of textile chemicals. In late 1866 Caro decided to return to Germany.

During this peri0d1 Caro, as well as many other The aniline-based dyeS had reached a stage of final de-
German trained chemists, worked for British dye manu- velopment, and Caro’s health was suffering from the
facturers. The know|edge they obtained of experimen_ foul, pO”Uted air in Manchester that caused severe res-
tal techniques and the manufacturing processes wouldPiratory problems. The Germany that Caro returned to
be crucial to the future rise of the German chemical in- in 1866 was much different from the one he had left in
dustry. The need for efficient marketing as well as a 1859. As the authors state (p 127):
system of customer service was also an outgrowth of
the experiences of these German visitors. The author
explain in great detail the invention of the whole range
of aniline dyes during the 1860s.

Most significant to Caro’s future, and the futures
Sof many of his colleagues, was the tremendous social
and economical transformations of the country, the in-
creasing influence of the well-educated upper middle

Caro invented a new process for mauve and dis- ClaSS, the emanCipation of the Jews, and the take-off of
covered an aniline black dye in 1862. This aniline black the much-delayed industrial revolution in the German
was superior to the natural black dyes derived from log- States.

wood and madder in calico printing. By 1864 dyers had Much of the rest of the book addresses the question

sl rar;ge of amlmg d.yTS cocr;sr:stlng Olf purgle, red, t,’(lju%’ of the relationship between pure and applied chemistry,
ack, green, and violet. Other coal-tar dyes provide corporate structure, and innovation, as illustrated in the

brown and yellow colorants. career of Caro. These are the types of questions that the

Caro began to appreciate the value of the connec-Nnew generation of historians have been dealing with.
tion between the academic research laboratory and thd=arlier works such as J. J. Bedgimiergence of the Ger-
synthetic dye industry. Key examples were the contractMan Dye Industry1959) and George Meyer-Thurow's
work performed by the German chemists Carl 1982 paper imSiS, “The Industrialization of Invention:
Schorlemmer (Owens College, Manchester) for Roberts,A Case Study From the German Chemical Industry,”
Dale & Co. and A. W. Hofmann (Royal College Chem- tended to stress the importance of the advances in struc-
istry, London) for firms in London. Carl Martius, an tural and other areas of chemistry and did not address
assistant to Hofmann in London, was induced by Caro many of the pOintS that Reinhardt and Travis raise. The
to join Roberts, Dale & Co. in August, 1863. Martius life of Heinrich Caro to them illustrates their thesis con-
would be instrumental in developing the first azo dyes. cerning the importance of these other factors.

Shortly after his return to Germany in 1867 he and Paul

Mendelssohn-Bartholdy co-founded a predecessor OfBerlin but then moved to Heidelberg for reasons of health
AGFA. and was admitted to the laboratory of Robert Bunsen.
As the authors make clear: “Liberality, tolerance, Caro, at this point, entertained the idea of an academic
diversity, and mechanized textile production in Manches- career while perhaps acting as a consultant to the emerg-
ter wove together science and technology in ways thating German dye industry. At Heidelberg he pursued his
were not possible elsewhere in Europe.” (p. 88). The investigations into rosolic acid, which he had begun in
seven years that Caro spent in Manchester were the mod¥lanchester. This research would later lead to a synthe-
critical in his life, as he was to wed his training in the art Sis of alizarin, the red dye derived from the madder plant.

When Caro returned to Germany, he first settled in



62 Bull. Hist. Chem.yY OLUME 28, Number 1(2003) |

Caro was invited in 1867 by the founders of BASF discuss the various types of azo dyes as well as the con-
to act as an external inventor and consultant for their tributions made by Caro, Griess, Martius, Witt, and
new plant at Ludwigshafen in Bavaria. BASF manu- Hofmann.
factured both inorganic bulk chemicals and aniline dyes
at Ludwigshafen, where the “wide, fast-flowing Rhine
was used for water disposal, particularly the mixture o
aromatic and arsenic compounds employed in the pro-
duction of aniline dyes.” (p 112).

A single chapter is devoted to one of Caro’s major
¢ achievements, the fostering of the academic—industrial
collaboration. The BASF model would be replicated
by many of the other German dye companies; in many
ways it was the industrial research that drove the aca-
Before Caro’s association with BASF, the German demic research agenda in the nineteenth century. The
dye industry had relied on pirating the products of other close collaboration between Caro and Adolf von Baeyer
manufacturers. Patents were virtually worthless in the is discussed in great detail as a means of showing the
various parts of the still fragmented Germany. Basic growing partnership of academia and industry. Baeyer
research to produce new inventions was not done, andyorked closely with Caro from 1873-1883 when BASF,
this would be the greatest impact that Caro would have.deciding to establish its own central research laboratory,
He negotiated a profit sharing arrangement with BASF greatly reduced its dependence on external contract con-
for the recipes to make three of the dyes he had inventedsultants. Caro supplied Baeyer with technical and patent
In contrast to other consultants who moved from one information as well as organic chemicals. Baeyer in
job to another, Caro stayed with BASF and in Novem- turn reported his discoveries to Caro and undertook the
ber, 1868 became the joint managing technical director.analysis and structural elucidation of industrial prod-
The authors cite the terms of the contract to show thatucts and intermediates. They published jointly and each
here is the first example of a technical director who also greatly admired the other’s type of work. The most
had a research function. important product of this collaboration was synthetic
indigo, which was not marketed until 1897. Without

Mr. H. Caro is to undertake, in particular, tasks in
. __the encouragement of Caro the authors contend that syn-
the laboratory that are necessary from both a theoretical

and practical point of view. (p. 138). With this docu- thetic indigo WOU!d not h.ave _been _produc_ed: At least
. . . ten other academic chemists, including Emil Fischer and
ment, science-based industry had been formalized.

Victor Meyer, acted as consultants on a continuous ba-
Caro’s first major achievement at BASF was the sis for BASF in this period of time.

production of synthetic alizarin by using the laboratory

process developed by the academic chemists Carl GraebFr ali

and Carl Lieberman, assistants to Adolf Baeyer at the

Gewerbeakademie in Berlin. Caro made significant

By 1885 the BASF management had decided to cen-
ze its discovery of new products in house and it was
Caro who created the model of the industrial research

o ; . laboratory. “The modern, dedicated, industrial research
contributions to the transfer of this laboratory synthesis i i
laboratory, and in particular the central research labora-

to a commercial product. The difficulties encountered L . S :
tory was an organizational innovation in its own right

in the scaling up are discussed in great detail as well as ) . .
the contributions made by William Henry Perkin, who and by 1900 an important component of all leading sci-

shared alizarin production with BASF. Perkin had de- ence-based dye firms.’(p 220). The German model was

_ not duplicated in France or Britain. This has often been
veloped a process similar to that of Caro, Graebe, and . . .
) ' . : . cited as one of the reasons for the failure of the chemi-
Lieberman; but theirs had been patented in London first. X o : .
; : o . ..~ “cal industries in these countries and their dependence
The industrial alizarin synthesis marked the beginning :
o : on German imports.
of the application of the structure of organic molecules
as a means of rational synthesis, and the collaboration  The historical development of the BASF central
between academics and industrialists. From this timelaboratory under the direction of Caro is discussed in
on, Caro was to make the fullest use of academic-indus-great detail. The authors meticulously describe the or-
trial connections for the benefit of BASF. ganization and the types of research conducted. When
Caro retired from BASF in 1890, the circumstances were

tantA;tr?(; tSqQ%ZOO tggesrggtcea;iJ:ﬁgi?sé?g(;ye'g]svo;ea subject of much speculation. Caro felt that he had not
’ y 9 y been able to accomplish all he had set out to do. He

members of this class. The diazotization and coupling advised his close friend Ivan Levinstein, “| am starting

reaction was first discovered by Peter Griess, one ofOn a new wav of life. because the former one has led me
Hofmann’s assistants in London in 1858. The authors y '
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on to fruitless and desolate fields of work.” (p 306). Caro
continued to consult for BASF but did not produce any
new marketable products.

In retirement Caro became a chemical celebrity and
was much admired, particularly in England, for his pio-
neering industrial research. He began writing a history
of the dye industry soon after his retirement, which was
published in theBerichte der Deutschen Chemischen
Gesellschafin 1892. Caro became chairman of the
Verein Deutscher Chemikein 1897 and held the post
until 1901. His management of the society led to a dou-
bling of its membership, and it became the most impor-
tant chemical society in Germany. Caro was also re-
sponsible for improving the society’s journagitschrift
fur Angewandte Chemidde was the German coordina-
tor for the 5@ anniversary celebrations of the discov-
ery of mauve held during July, 1906 in London. He
greatly enjoyed seeing his old friends from the begin-
nings of the synthetic dye industry again. Caro, who
had suffered from poor health his whole life, finally suc-
cumbed on September 11, 1910, at age 76.

In a final chapter the authors discuss the myths that
developed concerning Heinrich Caro after his death. In
Great Britain, which had been the birthplace of the dye
industry, the departure of Caro, Hofmann, and other

in the early part of the $Qcentury, when attempts were
being made to rationalize the failure of the British dye
industry. This was not the only reason, but when in-
cluded with the lack of investment in research by the
British dye industry, the fundamental lack of apprecia-
tion of the theoretical developments in aromatic chem-
istry, and an antiquated educational system, they all
contributed to the collapse of the British dye manufac-
ture.

Caro, itis pointed out by the authors, had his faults,
particularly a quarrelsome nature with his colleagues,
which made him less than the most successful of lead-
ers. However, being first in the introduction of so many
new dyes and cultivating a system of close and fruitful
contacts with academic chemists, he attained a nearly
mythic status.

Through the story of Heinrich Caro, Reinhardt and
Travis have produced the definitive work on the early
years of the synthetic organic chemical industry. The
foundations that Caro laid down flourished and en-
dured, evolving smoothly from dyestuffs to pharma-
ceuticals and explosives, then to high-pressure chem-
istry, synthetic polymers, and, finally, the life sciences.
My only regret is that the price of this book will dis-
courage its wide distributionMartin D. Saltzman,

German chemists in the 1860s was given as one reason,Providence College, Providence, RI 02918.

Erratum:

Volume 27, Number 2, p 108:

Legend under the photograph should read:
“Francis Home, courtesy the Wellcome Trust”




