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FOREWORD 
The ACS SYMPOSIUM SERIES was founded in 1974 to provide 
a medium for publishing symposia quickly in book form. The 
format of the Series parallels that of the continuing ADVANCES 
IN CHEMISTRY SERIES except that in order to save time the 
papers are not typeset but are reproduced as they are sub­
mitted by the authors in camera-ready form. Papers are re­
viewed under the supervision of the Editors with the assistance 
of the Series Advisory Board and are selected to maintain the 
integrity of the symposia; however, verbatim reproductions of 
previously published papers are not accepted. Both reviews 
and reports of research are acceptable since symposia may 
embrace both types of presentation. 
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Professor Ihde in his office at the University of Wisconsin about 1964 
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PREFACE 

A .ARON I H D E ' S C O N T R I B U T I O N S to our understanding of the evolution 
of chemistry are remarkable nearly as much for their breadth as for their 
quantity and quality. 

This volume originated in a desire to honor the dean of American 
historians of chemistry, Aaron J. Ihde, at the time of his retirement from 
the University of Wisconsin faculty in 1980. From the beginning, how­
ever, the editors were determined to avoid the typical "Festschrift" volume 
consisting of a collection of papers on miscellaneous subjects held to­
gether only by the association of the authors as students or colleagues of 
the honorée. Convinced that a book of essays with a central unifying 
theme would be a more valuable contribution to the literature we strove 
to achieve that objective. More as a result of chance than editorial wisdom, 
we have succeeded to a greater extent than we originally dared hope. 
The result is this publication on "Chemistry and Modern Society". 

A bibliography of Idhe's contibutions (see appendix) which ranges 
from Boyle's definition of the element to the establishment of food stan­
dards, from Paracelsus to pesticides, reflects something more than Idhe's 
extra-ordinary curiosity. It expresses a rich appreciation of the insepa­
rability of theoretical and technical progress in chemistry, and of the 
participation of each in intellectual and social history. That last topic, the 
impact of chemistry on its social environment, has long been a special 
interest of Professor Ihde's, and he and his students have made significant 
contributions to the literature on this subject. Indeed, his chief work, 
"The Development of Modern Chemistry," opens with the announce­
ment that one of its purposes is to provide "an object lesson of the role 
of pure science in the development of technology, agriculture, and med­
icine." Subsequent chapters fulfill that promise, exploring chemistry's 
influence on western society's transformation from an agricultural to a 
high-technology industrial base with more thorough and up-to-date cov­
erage than any other broad survey of chemical history. The purpose of 
the present volume is to modestly offer in tribute a few additional object 
lessons illuminating chemistry's diverse roles in modern civilization, fo­
cusing especially on the American scene. 
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The theme of Professor Ihde's Dexter Award address, the formation 
of hybrid sciences, is extended by an analysis of the conceptual origins 
of geochemistry. This analysis reveals how the maturation of physical 
chemistry in the late nineteenth century provided access to the internal 
dynamics of geological processes and spawned a new specialty in which 
American scientists took the lead. A more pragmatic application of chem­
istry to geological deposits (and one having renewed relevance of late) is 
examined in a detailed study of the history of the production of synthetic 
petroleum from coal. Petroleum synthesis, of course, has been largely an 
exercise in chemical engineering, another hybrid discipline. A crucial 
stage in that profession's conceptual development is dealt with in a dis­
cussion of the early twentieth century utilization of the notions of unit 
operations and unit processes. 

Another area in which chemistry has had an important impact on 
modern society is in the field of health. Professor Ihde has been a major 
contributor to the history of nutritional biochemistry, and hence it is 
appropriate that this volume includes a paper dealing with the early his­
tory of vitamin research. A somewhat different merger between chem­
istry and the health sciences has been the pursuit of pharmaceutical in­
vestigation, an activity that, however thriving now, at first took fre­
quently halting steps. The checkered fortunes of Charles Holmes Herty 
are striking testimony to the difficulties of organizing sophisticated drug 
research in the 1920s. 

The mention of drug research is a reminder that the career of chem­
istry has been checkered during the twentieth century. The term "drug 
therapy" is nearly as likely to trigger the response "thalidomide" as to 
make one think of penicillin. As the side effects of chemical progress 
have become more apparent, the whole science has come to be regarded 
as the great benefactor as well as the great despoiler, a symbol of modern 
society's paradox of unprecedented prosperity shadowed by the potential 
for unparalleled devastation. "The Development of Modern Chemistry" 
concludes on just such a note, with the ominous injunction that although 
chemistry "can still do much for mankind," it "can also be his undoing." 
The double-edged action of chemistry on society is the minor theme run­
ning through this volume. The 1937 Elixir Sulfanilamide tragedy, for ex­
ample, serves as a dramatic backdrop for a presentation of the vicissi­
tudes affecting drug regulation, while the establishment of standards for 
synthetic food colors demonstrates the uncertainties confounding the po­
licing of substances of significant economic value but indeterminate tox­
icity. Diet has been contaminated by chemical theory as well. Food fads 
such as the uric acid fetish have been legitimized in practitioners' minds 
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by self-serving distortions of biochemical principles. Finally, chemistry 
has altered the face of war in the twentieth century, as exemplified by 
the production of toxic gases for use in World War I. 

The interface between chemistry and society refuses to be drawn in 
such neat lines as good and bad, however. The search for chemical war­
fare agents popularized the method of project research that would be 
used so fruitfully in peacetime investigations. The ravages of Elixir Sul­
fanilamide provoked the present stricter food and drug legislation. These 
case studies suggest some of the complexity, as well as the diversity, of 
chemistry's influence on modern civilization. 

JOHN PARASCANDOLA 

University of Wisconsin 
Madison, Wisconsin 

JAMES WHORTON 

University of Washington 
Seattle, Washington 

March 18, 1983 
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INTRODUCTION 
Aaron J. Ihde—Perspectives 

A .ARON J O H N I H D E W A S B O R N on a farm near Neenah, Wisconsin on 
December 31, 1909, and has lived in the badger state essentially all of his 
life. After receiving his B.S. in chemistry from the University of Wis­
consin in 1931, Ihde spent the next seven years as a research chemist at 
a creamery in Chicago. During this period, he was married to Olive Jane 
Tipler, a former high school classmate and a teacher of Latin and history. 
The Ihdes were later to have two children, Gretchen (Serrie), now man­
ager of and violinist in the Florida West Coast Symphony in Sarasota, 
and John, now a high school chemistry teacher and basketball coach in 
Wausau, Wisconsin. 

A desire for further education led Ihde to return to Wisconsin for 
graduate study in 1938. He earned his M.S. in 1939 and his Ph.D. in 1941 
for work in food chemistry under Professor H . A. Schuette. After a year 
on the faculty at Butler University, he returned to Madison once again 
in 1942, this time to stay, as a member of the Wisconsin chemistry faculty. 

For some years Ihde's principal teaching responsibilities were in 
freshman chemistry, but the historical interests that were eventually to 
become predominant in his career soon began to surface. In 1946 he 
revived a History of Chemistry course that had not been taught since the 
retirement of Professor Lewis Kahlenberg in 1940. Two years later, Ihde's 
interdisciplinary leanings were given a further stimulus when he agreed 
to teach the Physical Universe course in the new Integrated Liberal Studies 
(ILS) program. The purpose of this two-year program in the College of 
Letters and Science was to provide a coordinated sequence of courses 
in humanities, social studies, and natural sciences that dealt with the 
development of ideas in Western culture. Ihde's course dealt with the 
physical sciences, and he utilized a case study approach that emphasized 
the historical development of key concepts in astronomy, physics, and 
chemistry. 

A year (1951-52) spent at Harvard University as a Carnegie Fellow 
had a significant influence on the direction of Ihde's career. His associ­
ation with James Conant, Leonard Nash, and Thomas Kuhn in the teaching 
of Natural Science 4 at Harvard was a valuable experience that influenced 

xiii 
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the development of his own Physical Universe course. More importantly 
from our present point of view, his contact with the History of Science 
program at Harvard, manned by George Sarton and I. B. Cohen, moved 
him further in the direction of history of science. Ihde's conversion from 
chemist to historian was also accelerated by his being given a joint ap­
pointment in the Department of History of Science at Wisconsin in 1957. 

Ihde had published a number of historical papers in the late 1950s 
and early 1960s, but his "The Development of Modern Chemistry" (1964) 
firmly established his credentials as an historian of chemistry. This 850-
page volume remains the standard reference work on the history of modern 
chemistry and is an indispensable tool for students, teachers, and re­
searchers. This book alone assures him a lasting place in the field of 
history of chemistry. 

A year later, in 1965, Ihde edited in conjunction with William F. 
Kieffer "Selected Readings in the History of Chemistry," a collection of 
historical papers reprinted from the Journal of Chemical Education and 
published by the Division of Chemical Education of the American Chem­
ical Society. During this same period, he also served as Chairman of the 
ACS Division of History of Chemistry for three years (1962-1964). All of 
these contributions, but especially " The Development of Modern Chem­
istry," led to his receiving the Dexter Award of the Division of History 
of Chemistry in 1968. 

Meanwhile Ihde was busy making Wisconsin into a center for re­
search and graduate study in the history of chemistry. The first Ph.D. for 
historical research under Ihde's direcion was awarded to Robert Siegfried 
in 1952, a joint degree in History of Science and Chemistry. (Siegfried 
was to join the History of Science Department faculty at Wisconsin in 
1963, further strengthening the history of chemistry area.) In the ensuing 
three decades, a total of twenty-two doctoral dissertations in the field of 
history of science have been directed by Aaron Ihde at the University of 
Wisconsin. The editors and several other contributors to this volume are 
proud to be included in that group. 

Ihde's undergraduate teaching interests were also expanding, as he 
developed new courses in Science, Technology and Society (in conjunc­
tion with Victor Hilts of the History of Science Department) and Evo­
lution of Food and Drug Controls (in conjunction with John Parascandola 
and Glenn Sonnedecker of the History of Pharmacy program). This latter 
course reflects Ihde's long-time interest in food chemistry, which began 
in his graduate school days. From 1955 through 1968 he was a member 
of the Wisconsin Food Standards Advisory Committee, serving as 
chairman in the period 1964-1966. Both courses illustrate his concern 
with the application of scientific knowledge and its social consequences, 

xiv 
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the central theme of the present volume. Ihde's Physical Universe course 
also came in time to focus heavily on the impact of science on the quality 
of life. In 1978 the University of Wisconsin recognized Professor Ihde's 
contributions to education by conferring upon him a distinguished teaching 
award. 

Since his retirement in 1980, Aaron Ihde has continued to remain 
active as a scholar and as a teacher. He continues to participate in various 
courses at Wisconsin as a guest lecturer and to deliver lectures and papers 
at various institutions and meetings around the country. He remained as 
major professor to several graduate students who had not yet completed 
their doctoral dissertations at the time of his retirement. A book-length 
history of the Chemistry Department at Wisconsin, on which he has been 
working for the past few years, is now nearing completion. 

Aaron and Olive Ihde continue to live in Madison in their charming 
house in the University Arboretum. Those who have visited their home 
have fond memories of the beautiful setting and warm hospitality that 
they encountered there. In recent years a number of graduate students 
have had the good fortune to participate in History of Chemistry evening 
seminars held in the Ihde home, sessions in which Olive Ihde joined 
Aaron and his students as an active participant. Those of us involved 
with the preparation of this book join with all of their other friends and 
associates in wishing them both many more happy and productive years. 

JOHN PARASCANDOLA 
JAMES C. WHORTON 
March 28, 1983 
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1 
The Intellectual Basis of Specialization 
Geochemistry in America, 1890-1915 

JOHN W. SERVOS 
Princeton University, Program in History of Science, Princeton, NJ 08544 

Geochemistry was one of several new hybrid 
specialties to flourish in the United States 
in the twentieth century. It had its origins 
when geologists began to apply the tools of 
physical chemistry to the problems of petro­
genesis and metamorphism. This paper treats 
the reasons why America proved a congenial 
site for the development of this work. Espe­
cially important was the presence in the United 
States of vigorous communities of petrographers 
and physical chemists who perceived a fit 
between the problems of one field and the 
techniques of the other and who were able to 
mold institutions within which the specialty 
might grow. The first of these institutions 
were established within the U.S. Geological 
Survey and the Carnegie Institution of Washington. 
Only well after 1900, when geochemists discovered 
unanticipated industrial applications of their 
knowledge, did the field find a secure place in 
American universities. 

The years around the t u r n of the ce n t u r y are r e p l e t e 
w i t h examples of new s c i e n t i f i c s p e c i a l t i e s emerging from 
s i n g l e parent f i e l d s o r , more o f t e n , from the j u n c t i o n of 
two o r more e s t a b l i s h e d s c i e n t i f i c d i s c i p l i n e s . A l i s t of 
these new s p e c i a l t i e s might i n c l u d e p h y s i c a l c h e m i s t r y , 
a s t r o p h y s i c s , b i o c h e m i s t r y , and g e n e t i c s ; and the r o s t e r c o u l d 
be e a s i l y extended. A l t h o u g h most had t h e i r o r i g i n s i n Europe, 
they found e s p e c i a l l y c o n g e n i a l c l i m a t e s f o r expansion i n 
the U n i t e d S t a t e s . Indeed, i t was i n these new f i e l d s 
r a t h e r than i n o l d e r s p e c i a l t i e s , such as o r g a n i c c h e m i s t r y , 
t h a t American s c i e n t i s t s f i r s t e x c e l l e d . The s t a n d i n g i n 
t h e i r s p e c i a l t i e s of a G. N. Lewis or Thomas Hunt Morgan 
w e l l i l l u s t r a t e s t h i s p o i n t . They were not j u s t i n f l u e n t i a l 

0097-6156/83/0228-0001 $06.00/0 
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2 CHEMISTRY AND MODERN SOCIETY 

t e a c h e r s or e n t r e p r e n e u r s , they were a l s o s c i e n t i s t s who 
developed new t e c h n i q u e s , i d e a s , and l i n e s of r e s e a r c h which 
shaped t h e i r d i s c i p l i n e s i n important ways. 

An American p r o p e n s i t y f o r achievement i n new, i n t e r ­
d i s c i p l i n a r y f i e l d s may be viewed as p a r t of the l a r g e r p r o c e s s 
of s p e c i a l i z a t i o n t h a t was such a prominent f e a t u r e of Ameri­
can i n t e l l e c t u a l l i f e i n the l a t e n i n e t e e n t h c e n t u r y . 
S p e c i a l i z a t i o n , of c o u r s e , i s not a phenomenon t h a t has 
passed w i t h o u t commentary. Indeed, much of what has been 
w r i t t e n d u r i n g the past t e n y e a r s about the h i s t o r y of s c i e n c e 
i n America d e a l s w i t h i t . Some h i s t o r i a n s have c h a r t e d the 
h i s t o r i e s of i n d i v i d u a l d i s c i p l i n e s ; o t h e r s have t r e a t e d 
the s i t e s of s p e c i a l i z e d i n q u i r y or the development of markets 
f o r s p e c i a l i s t s 1 s e r v i c e s ; s t i l l o t h e r s have examined the 
q u e s t i o n of how s p e c i a l i z a t i o n c o u l d have proceeded so r a p i d l y 
i n a s o c i e t y supposedly wed t o e g a l i t a r i a n and democratic 
p r i n c i p l e s ( 1 - 5 ) . A tendency to i d e n t i f y the American u n i ­
v e r s i t y as the c r u c i a l i n s t i t u t i o n i n t h i s process i s a common 
denominator i n t h i s l i t e r a t u r e . The s i z e , d i v e r s i t y , and 
f l e x i b i l i t y o f American c o l l e g e s and u n i v e r s i t i e s , we are 
t o l d , made r a p i d s p e c i a l i z a t i o n p o s s i b l e — i n d e e d , f o s t e r e d 
i t . A l t h o ugh i n d u s t r i e s and government e x e r t e d a demand f o r 
men w i t h e s o t e r i c forms of knowledge, i t was the u n i v e r s i t y 
t h a t spawned and n u r t u r e d them. The e l e c t i v e system, the 
graduate s c h o o l , the academic department a l l c o n t r i b u t e d to 
making the American u n i v e r s i t y , i n the words of John Higham, 
the " m a t r i x of s p e c i a l i z a t i o n " ( 6 - 9 ) . 

I do not w i s h t o c h a l l e n g e the i d e a t h a t the American 
u n i v e r s i t y of the t u r n of the c e n t u r y was a f l e x i b l e i n s t i t u t i o n . 
Nor do I w i s h to r e j e c t the c l a i m t h a t i t served as the major 
s i t e of s p e c i a l i z a t i o n . N e v e r t h e l e s s , r e c o g n i t i o n of the 
importance of the u n i v e r s i t y as a l o c u s of t h i s phenomenon 
s h o u l d not cause us to n e g l e c t o t h e r k i n d s of i n s t i t u t i o n s 
i n which new s p e c i a l t i e s c o a l e s c e d . Nor s h o u l d the c u r r e n t 
emphasis upon i n s t i t u t i o n a l forms and markets f o r s p e c i a l i z e d 
knowledge b l i n d us t o the f a c t t h a t i d e a s too p l a y e d a r o l e 
— t h a t s c i e n t i s t s w i t h i d e a s c o u l d and d i d develop new 
s p e c i a l t i e s d e s p i t e the absence of i n s t i t u t i o n s o r s o c i a l 
and economic needs w e l l s u i t e d to the r e a l i z a t i o n of t h e i r 
d i s c i p l i n a r y aims. 

The development of geochemistry i n America i l l u s t r a t e s 
these p o i n t s . I t s h i s t o r y bears some s i m i l a r i t y t o the h i s ­
t o r i e s of o t h e r h y b r i d s p e c i a l t i e s t h a t emerged around the 
t u r n of the c e n t u r y , but i n s e v e r a l important ways i t c o n s t i ­
tutes an e x c e p t i o n to the normal p a t t e r n of development. I t 
d i d not take shape i n the u n i v e r s i t y . Rather i t found i t s 
f i r s t e x p r e s s i o n i n the U n i t e d S t a t e s i n the l a b o r a t o r i e s 
of the U.S. G e o l o g i c a l Survey and the Carnegie I n s t i t u t i o n 
of Washington. Only v e r y g r a d u a l l y d i d i t f i n d a p l a c e i n 
the u n i v e r s i t y c u r r i c u l u m . Nor d i d i t grow i n response t o 
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market demands. Rather i t arose through the e f f o r t s of a 
group of chemists and g e o l o g i s t s to answer q u e s t i o n s t h a t were 
of g r e a t i n t e l l e c t u a l i n t e r e s t but of no immediate economic 
or s o c i a l s i g n i f i c a n c e . Only g r a d u a l l y d i d e x p e r t s i n the 
new f i e l d develop or d i s c o v e r a p p l i c a t i o n s f o r t h e i r s p e c i a l 
knowledge and t e c h n i q u e s . 

D e s p i t e the i m p r a c t i c a l i t y o f the s u b j e c t and the i n d i f ­
f e r e n c e o f u n i v e r s i t y o f f i c i a l s toward i t , American s c i e n t i s t s 
made fundamental c o n t r i b u t i o n s t o geochemistry i n the e a r l y 
t w e n t i e t h c e n t u r y . T h i s paper seeks t o determine why. The 
answer, I m a i n t a i n , i s not to be found i n i n s t i t u t i o n a l 
arrangements o r i n market f o r c e s , but r a t h e r i n the m u l t i p l i ­
c i t y of i n t e l l e c t u a l t r a d i t i o n s r e p r e s e n t e d i n the U n i t e d 
S t a t e s , i n the openness of the American s c i e n t i f i c community 
to c r o s s - d i s c i p l i n a r y i n t e l l e c t u a l exchange, and i n the 
w i l l i n g n e s s of American s c i e n t i s t s t o undertake experiments 
i n m u l t i - d i s c i p l i n a r y c o l l a b o r a t i o n . 

B e f o r e p r o c e e d i n g , i t i s e s s e n t i a l t o d i s c u s s the h i s t o r y 
of the term ' g e o c h e m i s t r y 1 , f o r i t s meaning has changed over 
time. I t , o r i t s German e q u i v a l e n t , appears to have been 
c o i n e d i n 1838 by the German n a t u r a l p h i l o s o p h e r , C. F. 
Schonbein, t o d e s c r i b e the study o f the c h e m i c a l and p h y s i c a l 
p r o p e r t i e s of g e o l o g i c a l f o r m a t i o n s . D u r i n g the subsequent 
f o r t y y e a r s the word appeared s p o r a d i c a l l y i n the g e o l o g i c a l 
and c h e m i c a l l i t e r a t u r e . O f t e n used i n t e r c h a n g e a b l y w i t h the 
term 1 c h e m i c a l g e o l o g y 1 , i t was g e n e r a l l y a p p l i e d t o a 
m i s c e l l a n y of t o p i c s i n the areas of ro c k and m i n e r a l a n a l y s i s 
(10, 11, 12). 

I f Schonbein o r h i s s u c c e s s o r s harbored a m b i t i o n s f o r 
t h i s f i e l d , they were d i s a p p o i n t e d , f o r the years around mid-
c e n t u r y were a low p o i n t i n the r e l a t i o n s between geology 
and c h e m i s t r y . The i n t e r e s t i n the c h e m i c a l c o m p o s i t i o n 
of igneous r o c k s t h a t had been s t i r r e d by the work of Werner, 
P l a y f a i r , and H a l l had q u i e t e d , and g e o l o g i s t s g e n e r a l l y were 
pr e o c c u p i e d w i t h maps, the s t r a t i g r a p h i c a l column, and the 
h i s t o r y of l a n d forms. Sedimentary, r a t h e r than i g n e o u s , 
r o c k s were at the focus o f t h e i r i n q u i r y ; p a l e o n t o l o g i c a l 
evidence seemed more v a l u a b l e than c h e m i c a l d a t a . A l t h o u g h 
i t was o c c a s i o n a l l y suggested t h a t the c h e m i c a l c o m p o s i t i o n 
of igneous r o c k s might shed l i g h t on h i s t o r i c a l q u e s t i o n s , 
the c o m p l e x i t y of e r u p t i v e d e p o s i t s r e s i s t e d any s i m p l e 
a n a l y s i s . Chemistry was a v a l u a b l e t o o l f o r those i n t e r e s t e d 
i n economic geology, and, where mining was i m p o r t a n t , the 
g e o l o g i c a l chemist had ample work. But c h e m i c a l a n a l y s i s 
was o f t e n q u i t e s e p a r a b l e from g e o l o g i c a l f i e l d work. 
G e o l o g i s t s might c o l l e c t r o c k specimens, note t h e i r abundance, 
l o c a t i o n , and f i e l d r e l a t i o n s , but o f t e n sent t h e i r samples 
to t r a i n e d chemists f o r s t u d y . In England, s t u d e n t s c o u l d 
o b t a i n degrees i n geology w i t h o u t ever h a v i n g s t u d i e d 
c h e m i s t r y , and a l t h o u g h t h e r e were c l o s e r l i n k s between 

 P
ub

lic
at

io
n 

D
at

e:
 A

ug
us

t 2
3,

 1
98

4 
| d

oi
: 1

0.
10

21
/b

k-
19

84
-0

22
8.

ch
00

1

In Chemistry and Modern Society; Parascandola, J., el al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1984. 



4 CHEMISTRY AND MODERN SOCIETY 

c h e m i s t r y and geology i n Germany and S c a n d i n a v i a , the c h e m i c a l 
l i t e r a c y of g e o l o g i s t s was u s u a l l y not v e r y h i g h (12, 1 3 ). 

The r e l a t i o n between c h e m i s t r y and p e t r o g r a p h y , the s c i e n c e 
of the c l a s s i f i c a t i o n of r o c k s , was somewhat c l o s e r s i n c e chemi­
c a l c o m p o s i t i o n was thought by some p e t r o g r a p h e r s to o f f e r 
a b a s i s f o r r a t i o n a l c l a s s i f i c a t i o n . But e a r l y e f f o r t s t o 
c a t e g o r i z e r o c k s by t h e i r c h e m i c a l c o m p o s i t i o n were f r u s t r a t e d 
as i t was d i s c o v e r e d t h a t i t was i m p o s s i b l e to f i n d s i m p l e 
c h e m i c a l formulas f o r these b o d i e s . Rocks of d i f f e r e n t 
m i n e r a l c o m p o s i t i o n f e l l i n t o the same c h e m i c a l c a t e g o r i e s , 
and r o c k s t h a t were c h e m i c a l l y a l i k e were sometimes q u i t e 
d i f f e r e n t i n s t r u c t u r e , t e x t u r e , and f i e l d r e l a t i o n s . Moreover, 
the success of H. C l i f t o n Sorby's t e c h n i q u e f o r the m i c r o s c o p i c 
study of t h i n s e c t i o n s o f r o c k s a c c e n t u a t e d the tendency t o 
i d e n t i f y r o c k s on the b a s i s o f e x t e r n a l r a t h e r than i n t e r n a l 
p r o p e r t i e s (14, 15). 

Toward the end of the c e n t u r y , however, c h e m i s t r y , which 
had been the a s s a y e r ' s a r t and the g e o l o g i s t ' s somewhat 
n e g l e c t e d handmaiden, assumed a new importance f o r g e o l o g i s t s 
and p e t r o g r a p h e r s . I t ceased t o be s i m p l y a r e s e r v o i r of 
tec h n i q u e s the g e o l o g i s t c a l l e d upon when i n need o f i n f o r m a t i o n 
about r o c k and m i n e r a l c o m p o s i t i o n , and became i n s t e a d the 
b a s i s f o r answering fundamental questions p e r t a i n i n g t o the 
o r i g i n s o f g e o l o g i c a l s t r u c t u r e s and the reasons f o r g e o l o g i c a l 
change, q u e s t i o n s i n v o l v i n g the causes and mechanisms of igneous 
p e t r o g e n e s i s , metamorphism, and s e d i m e n t a t i o n . Chemistry 
a c q u i r e d a new s t a t u r e not because g e o l o g i s t s began t o ask 
new q u e s t i o n s ; each of these problems had a hoary h i s t o r y . 
Rather i t was because of the g r e a t l y e n l a r g e d a b i l i t y of chemists 
to handle complex g e o l o g i c a l d a t a . I n p a r t i c u l a r , the i d e a s 
and t e c h n i q u e s o f the new d i s c i p l i n e of p h y s i c a l c h e m i s t r y 
opened the way to the treatment of i n t r i c a t e dynamical q u e s t i o n s 
t h a t were beyond the c a p a c i t y of i n o r g a n i c or a n a l y t i c a l 
chemists of an e a r l i e r g e n e r a t i o n . The j u n c t i o n of g e o l o g i c a l 
problems and the te c h n i q u e s and i d e a s o f p h y s i c a l c h e m i s t r y 
was d e s c r i b e d by a v a r i e t y o f names a t the t u r n of the c e n t u r y : 
p h y s i c o - c h e m i c a l geology, c h e m i c a l p e t r o l o g y , geochemistry, 
g e o p h y s i c s . What i s c l e a r , however, i s t h a t d u r i n g the 1890s 
a l o o s e network of chemists and g e o l o g i s t s took form around a 
se t of o l d problems and a s e t of new or improved t o o l s . Out 
of t h i s network t h e r e a r o s e the f i r s t r e c o g n i z a b l y modern 
works on geochemistry (11, 16-19). 

With the b e n e f i t o f h i n d s i g h t , i t seems obvious t h a t geology 
s h o u l d have become a f i e l d of a p p l i c a t i o n f o r p h y s i c a l c h e m i s t r y . 
As e a r l y as 1851, Robert Bunsen had observed t h a t magmas were 
s o l u t i o n s and might be t r e a t e d by the same p r i n c i p l e s t h a t 
governed the b e h a v i o r of aqueous s o l u t i o n s . M i n e r a l s d i d not 
s i m p l y c r y s t a l l i z e out of magmas i n the r e v e r s e o r d e r of t h e i r 
f u s i b i l i t i e s , but might show the same complex s o l u b i l i t y 
p a t t e r n s as were e x h i b i t e d by m i x t u r e s of s a l t s i n water (20, 21). 
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I n 1857, the French p e t r o g r a p h e r , J . Durocher, drew another 
analogy when he noted s i m i l a r i t i e s between magmas and a l l o y s 
(22). I f one c o u l d understand the p r i n c i p l e s g o v e r n i n g the 
s o l i d i f i c a t i o n of m e t a l l i c m e l t s , which c o u l d y i e l d a l l o y s 
w i t h d i f f e r e n t p h y s i c a l p r o p e r t i e s depending on the r a t e 
and c o n d i t i o n s of c o o l i n g , might not t h a t u n d e r s t a n d i n g be 
extended to rock melts? Both Bunsen and Durocher were s e e k i n g 
to comprehend the i n a c c e s s i b l e and complex i n terms o f the 
f a m i l i a r and s i m p l e r . T h e i r s u g g e s t i o n s , however, bore no 
d i r e c t f r u i t , f o r a l t h o u g h aqueous s o l u t i o n s and a l l o y s might 
be s i m p l e r than magmas, they were but l i t t l e understood by 
chemi s t s . 

The remarkable s e r i e s of c o n c e p t u a l developments of the 
1880s t h a t were a s s o c i a t e d w i t h the g e n e s i s of p h y s i c a l 
c h e m i s t r y s u p p l i e d a b a s i s f o r u n d e r s t a n d i n g t h a t Bunsen 
and Durocher l a c k e d (23). Van't H o f f ' s law of osmotic p r e s s u r e , 
A r r h e n i u s ' s t h e o r y of e l e c t r o l y t i c d i s s o c i a t i o n , and the 
subsequent work of N e r n s t , Ostwald, and t h e i r s t u d e n t s i l l u m i ­
nated important a s p e c t s of the b e h a v i o r and p r o p e r t i e s of 
s o l u t i o n s . Gibbs's phase r u l e , f i r s t a p p r e c i a t e d and used 
by Roozeboom, Ostwald, Le C h a t e l i e r , and van't Hoff i n the 
l a t e 1880s, f u r n i s h e d s c i e n t i s t s w i t h a v a l u a b l e guide t o 
the study of heterogeneous e q u i l i b r i a . A l t h o u g h the laws 
of i d e a l s o l u t i o n were v a l i d o n l y f o r extremely d i l u t e aqueous 
s o l u t i o n s — s l i g h t l y p o l l u t e d w ater, as one chemist phrased 
i t — and a l t h o u g h the phase r u l e was a p p l i e d a t f i r s t o n l y 
t o v e r y s i m p l e systems, proponents o f the new p h y s i c a l c h e m i s t r y 
c o n f i d e n t l y a s s e r t e d t h a t t h e i r d i s c o v e r i e s would s e r v e as 
a b a s i s f o r the r e c o n s t r u c t i o n of ch e m i s t r y and f o r the 
c r e a t i o n of new l i n k s between c h e m i s t r y and o t h e r s c i e n c e s 
(24). P h y s i c a l c h e m i s t r y , they suggested, would be a donor 
s c i e n c e , capable o f s t i m u l a t i n g development i n , and answering 
the needs o f , n e i g h b o r i n g d i s c i p l i n e s . I t was such, they 
argued, because s o l u t i o n s were the s i t e s of most c h e m i c a l 
changes. The t e s t s of the a n a l y t i c a l chemist were conducted 
i n the wet way, the phenomena of l i f e took p l a c e i n s o l u t i o n , 
s o l u t i o n s were the medium of many i n d u s t r i a l p r o c e s s e s , and l a s t 
but not l e a s t , s o l u t i o n s were p o w e r f u l agents of g e o l o g i c a l 
change. I n s o f a r as the founders of p h y s i c a l c h e m i s t r y had 
r e v o l u t i o n i z e d the c h e m i s t s 1 u n d e r s t a n d i n g of s o l u t i o n s , 
they had a l s o transformed the b a s i s f o r the g e o l o g i s t s 1 

u n d e r s t a n d i n g of the c h e m i s t r y of ro c k f o r m a t i o n and a l t e r a t i o n 
(25, 26, 27). 

P h y s i c a l chemists were themselves among the f i r s t t o 
a p p r e c i a t e the g e o l o g i c a l s i g n i f i c a n c e of t h e i r i d e a s and t o 
apply t h e i r methods t o g e o l o g i c a l problems. Both van't Hoff 
and A r r h e n i u s , f o r i n s t a n c e , turned toward g e o l o g i c a l i s s u e s 
i n the 1890s (25^, 28). That p h y s i c a l chemists s h o u l d have 
expressed a l i v e l y i n t e r e s t i n g e o l o g i c a l phenomena i s not 
s u r p r i s i n g . They were anxious t o develop such a p p l i c a t i o n s 
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both as a means of l e g i t i m a t i n g t h e i r i d e a s and of s t r e n g t h e n i n g 
the r a t h e r f r a g i l e i n s t i t u t i o n a l s u p p o r t s of t h e i r s p e c i a l t y . 
But a t r a n s m i s s i o n of i d e a s depended as much upon the r e c e p ­
t i v i t y of g e o l o g i s t s as on the a s s e r t i v e n e s s of p h y s i c a l chemists, 
and g e o l o g i s t s g e n e r a l l y were i l l - p r e p a r e d to f o l l o w , never 
mind make use o f , r e c e n t developments i n c h e m i s t r y . Moreover, 
t h e r e was a great d i s p a r i t y between the accomplishments of 
the new p h y s i c a l c h e m i s t r y and the needs of g e o l o g i s t s . Magmas, 
f o r example, were f a r more complex than d i l u t e aqueous s o l u t i o n s 
or a l l o y s , and they were i n a c c e s s i b l e t o d i r e c t s t u d y . Whereas 
the chemist or m e t a l l u r g i s t c o u l d check h i s c o n c l u s i o n s a g a i n s t 
the b e h a v i o r of s o l u t i o n s or a l l o y s i n the l a b o r a t o r y , the 
g e o l o g i s t d i d not possess f a c i l i t i e s i n which the n a t u r a l 
c o n d i t i o n s of r o c k f o r m a t i o n c o u l d be d u p l i c a t e d . H i s givens 
were the r o c k s themselves, the f i n a l p r o d u c t s of magmatic 
c o o l i n g . T h e i r g e n e s i s was open to many i n t e r p r e t a t i o n s . 

The t r a n s m i s s i o n of i d e a s and methods from p h y s i c a l 
c h e m i s t r y to geology was t h e r e f o r e a slow and h a l t i n g p r o c e s s , 
and the path and pace of the t r a n s m i s s i o n v a r i e d a g r e a t d e a l 
from country t o c o u n t r y . The g e o l o g i s t s of France and 
England were r a t h e r slow to adopt a p h y s i c o - c h e m i c a l approach. 
I n s t e a d , the f i r s t g e o l o g i s t s to make use of p h y s i c a l c h e m i s t r y 
were l o c a t e d i n c o u n t r i e s w i t h i n the o r b i t of German s c i e n c e : 
Norway ( J . H. L. V o g t ) , R u s s i a (A. L a g o r i o , F. Y. Loewinson-
L e s s i n g ) , A u s t r i a (C. A. S. D o e l t e r ) , and the U n i t e d S t a t e s 
( J . P. I d d i n g s , C. R. Van H i s e , A. L. Day, N. L. Bowen) (29). 
Three f a c t o r s appear to have been c r u c i a l i n l e a d i n g t o 
t h i s p a t t e r n : the presence of a v i g o r o u s group of p e t r o g r a p h e r s 
i n t e r e s t e d i n the problems of the c l a s s i f i c a t i o n and g e n e s i s 
of igneous r o c k s ; the e x i s t e n c e of a community of chemists 
a c q u a i n t e d w i t h the r e c e n t developments i n s o l u t i o n t h e o r y 
and c h e m i c a l thermodynamics; and the e x i s t e n c e o r c r e a t i o n 
of i n s t i t u t i o n s w i t h i n which g e o l o g i s t s and chemists might 
mix and c o l l a b o r a t e . Where these c o n d i t i o n s were p r e s e n t , 
geochemical r e s e a r c h f l o u r i s h e d a t the t u r n of the c e n t u r y ; 
where one or another o f these c o n d i t i o n s was absent, a geo­
c h e m i c a l t r a d i t i o n was slow t o develop. 

The importance of these c o n d i t i o n s i s w e l l i l l u s t r a t e d 
by the American case. By the mid-1890s, a l a r g e and s t i l l 
growing cadre of p e t r o g r a p h e r s was a c t i v e i n America. Some 
had l e a r n e d t h e i r s c i e n c e a t home i n the f i e l d , but at the 
c o r e of t h i s group were s c i e n t i s t s who had a c q u i r e d knowledge 
of the s t r u c t u r e , t e x t u r e , and c o m p o s i t i o n of r o c k s i n Germany. 
B e g i n n i n g i n the 1870s, a stream of American s t u d e n t s had gone 
to H e i d e l b e r g , L e i p z i g , and o t h e r German u n i v e r s i t i e s to study 
under F e r d i n a n d Z i r k e l , Harry Rosenbusch, and o t h e r German 
masters of pétrographie t e c h n i q u e s . A r o s t e r of the more n o t a b l e 
of these Americans would i n c l u d e Joseph Paxton Iddings, C h a r l e s 
Whitman C r o s s , Henry S. Washington, L o u i s V. P i r s s o n , G. H. 
W i l l i a m s , J . E. W o l f f , F. Ε. W r i g h t , and R. A. D a l y . A l t h o u g h 
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most went i n o r d e r to l e a r n the i n t r i c a c i e s of c l a s s i f i c a t i o n 
and t h i n s e c t i o n a n a l y s i s , many took advantage o f t h e i r s t a y 
i n Germany to a t t e n d l e c t u r e s on ch e m i s t r y as w e l l (30-33). 

A f t e r r e t u r n i n g to the U n i t e d S t a t e s many began t h e i r 
c a r e e r s a t the U.S. G e o l o g i c a l Survey. There, t h e i r p r i m a r y 
t a s k was to i d e n t i f y and map d i s t r i c t s w i t h e c o n o m i c a l l y 
i n t e r e s t i n g m i n e r a l s , but they a l s o had the freedom to study 
broader q u e s t i o n s . The ro c k s o f the e r u p t i v e d i s t r i c t s of 
the American west, f o r i n s t a n c e , were an e x c e l l e n t s i t e f o r 
study of the o r i g i n s and d i f f e r e n t i a t i o n of igneous r o c k s , 
and the a n c i e n t r o c k s o f the Lake S u p e r i o r r e g i o n o f f e r e d 
tempting m a t e r i a l s f o r work on processes of metamorphism and 
ore f o r m a t i o n . By the 1890s s e v e r a l American p e t r o g r a p h e r s 
had begun to take advantage of these o p p o r t u n i t i e s and t o make 
s i g n i f i c a n t c o n t r i b u t i o n s t o the l i t e r a t u r e on the t h e o r e t i c a l 
problems i n v o l v e d i n the h i s t o r y and c l a s s i f i c a t i o n of r o c k s . 

F o r e i g n study among American s t u d e n t s of petrography 
reached a peak i n the e a r l y 1890s, and i t was a t t h i s time t h a t 
the f i r s t Americans began to r e t u r n from Europe w i t h advanced 
t r a i n i n g i n another s p e c i a l t y — p h y s i c a l c h e m i s t r y . Between 
1889 and 1905, over f o r t y Americans worked i n Wilhelm Ostwald's 
l a b o r a t o r y a t L e i p z i g ; they formed the nucleus of a v i g o r o u s 
community of p h y s i c a l chemists i n the U n i t e d S t a t e s . L i k e t h e i r 
European t e a c h e r s , these p h y s i c a l chemists were anxious t o win 
an audience f o r t h e i r i d e a s and t o develop i n s t i t u t i o n s f o r 
t h e i r s p e c i a l t y . D u r i n g the 1890s, they t r a n s l a t e d European 
t e x t s , e s t a b l i s h e d graduate programs, and launched a j o u r n a l 
devoted t o t h e i r s u b j e c t . They a l s o sought to adapt t h e i r 
knowledge t o the needs of o t h e r s p e c i a l i s t s — at f i r s t by 
w r i t i n g t e x t s on q u a l i t a t i v e and q u a n t i t a t i v e a n a l y s i s and 
g e n e r a l c h e m i s t r y from the s t a n d p o i n t of the i o n i c t h e o r y , and 
l a t e r by a p p l y i n g s o l u t i o n t h e o r y and ch e m i c a l thermodynamics 
to problems i n a g r i c u l t u r e , e n g i n e e r i n g , and medic i n e . D u r i n g 
the n i n e t i e s , they succeeded i n b r i n g i n g t h e i r s u b j e c t t o the 
a t t e n t i o n of the broader s c i e n t i f i c community and i n e s t a b l i s h i n g 
s e t t i n g s i n which t h e i r s u c c e s s o r s might prosper (27). 

S h o r t l y a f t e r 1890, l i a s o n s began to be e s t a b l i s h e d between 
these two s p e c i a l t i e s . The f i r s t American c o n t a c t s were not 
made i n e m u l a t i o n of developments abroad; r a t h e r they were 
independent o f , and r o u g h l y simultaneous w i t h , s i m i l a r c o n t a c t s 
then b e i n g e s t a b l i s h e d between p e t r o g r a p h e r s and p h y s i c a l 
chemists i n Norway, A u s t r i a , and R u s s i a . I t was not the 
u n i v e r s i t y t h a t served as the p r i n c i p a l c o n t e x t of i n t e l l e c t u a l 
commerce, but r a t h e r the o f f i c e s and l a b o r a t o r i e s of the U.S. 
G e o l o g i c a l Survey. And i t was i n the Survey and i n an i n s t i t u t i o n 
b u i l t by s c i e n t i s t s from t h a t agency — the G e o p h y s i c a l L a b o r a ­
t o r y of the Carnegie I n s t i t u t i o n of Washington — t h a t the new 
p h y s i c o - c h e m i c a l geology f l o u r i s h e d . 

Two p e t r o g r a p h e r s , Joseph Paxton I d d i n g s (1857-1920) and 
Ch a r l e s R. Van H i s e (1857-1918) were the most i n f l u e n t i a l of the 
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8 CHEMISTRY AND MODERN SOCIETY 

i n t e l l e c t u a l b r o k e r s who e s t a b l i s h e d these c o n t a c t s i n America. 
They were not extremely o r i g i n a l s c i e n t i s t s nor were they 
l a b o r a t o r y men w i t h t r a i n i n g i n p h y s i c a l c h e m i s t r y . Rather 
they were s y n t h e s i z e r s who c a s t t h e i r n e t s wide and who came 
to b e l i e v e , through work i n f i e l d and l i b r a r y , t h a t p h y s i c a l 
chemists w o r k i n g i n c o o p e r a t i o n w i t h g e o l o g i s t s might develop 
answers to the p e r p l e x i n g problems of r o c k f o r m a t i o n and 
metamorphism. 

Id d i n g s appears to have been the f i r s t American g e o l o g i s t 
to draw a t t e n t i o n to the g e o l o g i c a l i m p l i c a t i o n s of the s o l u t i o n 
t h e o r y . He was one of the many American p e t r o g r a p h e r s who had 
s t u d i e d under Rosenbusch and who had then j o i n e d the young U.S. 
G e o l o g i c a l Survey. D u r i n g the 1880s, I d d i n g s spent h i s summers 
i n the f i e l d , amidst the v o l c a n i c r o c k s of Y e l l o w s t o n e Park, 
and h i s w i n t e r s i n Washington, where he s t r u c k up a f r i e n d s h i p 
w i t h F. W. C l a r k e , the c h i e f chemist of the Survey and a man w i t h 
wide knowledge of the new p h y s i c a l c h e m i s t r y . Both of these 
e x p e r i e n c e s proved important f o r I d d i n g s (30, 34). 

H i s f i e l d work gave I d d i n g s e x p e r i e n c e w i t h e r u p t i v e r o c k s 
t h a t e x h i b i t e d a f a i r l y smooth and co n t i n u o u s g r a d a t i o n of 
m i n e r a l and c h e m i c a l c o m p o s i t i o n ; the d e p o s i t s appeared t o r e f l e c t 
t h e i r h i s t o r i c a l sequence of f o r m a t i o n . M i n e r a l o g i c a l and 
c h e m i c a l a n a l y s e s of samples from these beds, t o g e t h e r w i t h 
r e p o r t s of s i m i l a r d e p o s i t s elsewhere, l e d I d d i n g s t o suggest 
t h a t the igneous r o c k s of any r e g i o n a r e so i n t i m a t e l y connected 
by m i n e r a l o g i c a l and c h e m i c a l r e l a t i o n s t h a t they must have 
o r i g i n a t e d i n a common source — some s i n g l e magma t h a t c o u l d 
g i v e r i s e t o v a r i o u s k i n d s of igneous r o c k s through a process 
of d i f f e r e n t i a t i o n . S e v e r a l European p e t r o g r a p h e r s had a l r e a d y 
noted t e x t u r a l and s t r u c t u r a l evidence f o r the e x i s t e n c e of 
d i s c r e t e pétrographie p r o v i n c e s , and o t h e r s had suggested t h a t 
igneous r o c k s might be d e r i v e d from a s i n g l e magma through 
d i f f e r e n t i a t i o n . I d d i n g s 1 s c o n t r i b u t i o n was t o s t r e s s the 
c h e m i c a l r e l a t e d n e s s of r o c k s i n p a r t i c u l a r p r o v i n c e s — t h e i r 
c h e m i c a l c o n s a n g u i n i t y (16). 

I d d i n g s 1 s work l e d d i r e c t l y to two fundamental q u e s t i o n s : 
What was the p h y s i c a l and c h e m i c a l s t a t e of molten magmas? and 
by what process c o u l d a wide v a r i e t y of d i s t i n c t but c h e m i c a l l y 
r e l a t e d r o c k s be d e r i v e d from a s i n g l e , homogeneous source? I t 
was here t h a t p h y s i c a l c h e m i s t r y became i m p o r t a n t . I n h i s f i r s t 
paper on the c r y s t a l l i z a t i o n of igneous r o c k s , w r i t t e n i n 1889, 
I d d i n g s had been unable t o go beyond h i s p r e d e c e s s o r s when i t 
came to these problems. He t r e a t e d magmas as s a t u r a t e d s o l u t i o n s 
of s i l i c a t e m o l e c u l e s from which m i n e r a l s p e c i e s c r y s t a l l i z e d 
as temperature and p r e s s u r e c o n d i t i o n s changed. As t o the e x a c t 
n a t u r e of the compounds i n s o l u t i o n and the d e t a i l s of d i f f e r e n ­
t i a t i o n i n magmas, he con f e s s e d i g n o r a n c e (35). 

In h i s next paper on the s u b j e c t , w r i t t e n i n 1892, I d d i n g s 
adopted a f a r more c o n f i d e n t tone. Whereas he had e a r l i e r been 
w i t h o u t s u g g e s t i o n s as to how to proceed, i n t h i s paper he 
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1. SERVOS Geochemistry in America 9 

advanced a new h y p o t h e s i s r e g a r d i n g the c o n d i t i o n of substances 
i n magmas and p o s i t e d a mechanism whereby che m i c a l d i f f e r e n t i a t i o n 
might oc c u r . In l a r g e p a r t t h i s new co n f i d e n c e appears to have 
been d e r i v e d from h i s d i s c o v e r y of the papers o f v a n f t Hoff 
and A r r h e n i u s on s o l u t i o n t h e o r y . H i s a t t e n t i o n was drawn to 
A r r h e n i u s ' s work, he t e l l s h i s r e a d e r , through the s u g g e s t i o n of 
of h i s c o l l e a g u e at the Survey, F. W. C l a r k e (36). 

Iddings had a l r e a d y concluded t h a t i d e n t i c a l magmas c o u l d 
produce v e r y d i f f e r e n t m i n e r a l s depending upon the c o n d i t i o n s 
of c o o l i n g . A n a l y s e s of roc k s drawn from two l o c a t i o n s i n the 
Ye l l o w s t o n e r e g i o n had shown t h a t a l t h o u g h these samples were 
c h e m i c a l l y i d e n t i c a l they d i f f e r e d markedly i n m i n e r a l composi­
t i o n . I ddings had even t e n t a t i v e l y suggested t h a t m i n e r a l s 
might not r e t a i n t h e i r m o l e c u l a r i n t e g r i t y i n the molten s t a t e , 
but might decompose i n t o s i m p l e r u n i t s which c o u l d s h i f t about 
i n d e p e n d e n t l y of one another and e n t e r i n t o s e v e r a l a s s o c i a t i o n s , 
depending upon the p h y s i c a l c o n d i t i o n s p r e v a i l i n g d u r i n g 
c r y s t a l l i z a t i o n (37). A r r h e n i u s f s t h e o r y of e l e c t r o l y t i c 
d i s s o c i a t i o n p r o v i d e d I d d i n g s w i t h a po w e r f u l support f o r t h i s 
i d e a i n t h a t i t i n d i c a t e d t h a t magmas might be c o n s i d e r e d as 
be l o n g i n g t o a l a r g e c l a s s of s o l u t i o n s i n which molecules of 
s o l u t e d i s s o c i a t e d i n t o i o n s . I d d i n g s concluded t h a t the s i m p l e r 
u n i t s i n magmas were pr o b a b l y o x i d e s of the c o n s t i t u e n t elements 
(36). A l t h o u g h t h i s c o n c l u s i o n proved premature, I d d i n g s 1 s 
.work was an important advance because i t both put new content 
i n t o Bunsen 1s o l d s u g g e s t i o n t h a t magmas were s o l u t i o n s and went 
some way toward e x p l a i n i n g how d i f f e r e n t r o c k s c o u l d a r i s e from 
one magma. As t o the mechanism of d i f f e r e n t i a t i o n , I d d i n g s 
once a g a i n drew upon the work of a p h y s i c a l chemist, i n t h i s case, 
v a n f t H o f f . Van't H o f f ? s t h e o r y of osmotic p r e s s u r e p r o v i d e d a 
t h e o r e t i c a l b a s i s f o r an e m p i r i c a l p r i n c i p l e d i s c o v e r e d i n the 
e a r l y 1880s by the p h y s i c i s t , C. So r e t : i n a s o l u t i o n i n which 
t h e r e i s a temperature g r a d i e n t , molecules of the s o l u t e w i l l 
tend to c o n c e n t r a t e i n the c o o l e r p o r t i o n . T h i s mechanism of 
mo l e c u l a r d i f f u s i o n , I d d i n g s suggested, might be s u f f i c i e n t 
to e x p l a i n what he took t o be evidence of d i f f e r e n t i a t i o n i n 
magmas p r i o r t o c r y s t a l l i z a t i o n (38). 

I d d i n g s concluded h i s paper w i t h an admonishment: 
The c o m p l e x i t i e s of a compound s o l u t i o n t h a t e x i s t s 
o n l y a t extremely h i g h temperatures and e x p e r i e n c e s 
the p r e s s u r e s to which rock magmas have undoubtedly 
been s u b j e c t e d may l o n g remain beyond the reach of 
d i r e c t i n v e s t i g a t i o n . S t i l l the steady advance of 
ex p e r i m e n t a l p h y s i c s o f f e r s g r e a t p o s s i b i l i t i e s i n 
t h i s d i r e c t i o n . U n t i l the e s t a b l i s h m e n t of d e f i n i t e 
knowledge c o n c e r n i n g the nat u r e o f molten magmas we 
must proceed a l o n g the l i n e s of analogy by a p p l y i n g 
to them such laws as may be found a p p l i c a b l e t o 
s o l u t i o n s t h a t e x i s t a t lower temperatures and 
pr e s s u r e s (39). 
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One c l e a r i m p l i c a t i o n of I d d i n g s * s paper was t h a t g e o l o g i s t s 
s h o u l d pay heed to developments i n the b o r d e r l a n d between 
c h e m i s t r y and p h y s i c s . They should make use of the t h e o r y of 
s o l u t i o n , and they s h o u l d seek to f o s t e r r e s e a r c h t h a t would 
o b v i a t e the need t o reason about magmas by analogy — t h a t i s , 
r e s e a r c h i n v o l v i n g the d i r e c t study of molten s i l i c a t e s . Not 
l o n g a f t e r t h i s paper was w r i t t e n , I d d i n g s 1 s c o l l e a g u e , C h a r l e s 
R. Van H i s e , came to the same c o n c l u s i o n s by a somewhat d i f f e r e n t 
r o u t e . 

A l t hough Van H i s e was an exact contemporary of I d d i n g s , h i s 
e d u c a t i o n was, i n most r e s p e c t s , i n f e r i o r t o t h a t of h i s 
c o l l e a g u e . Van H i s e d i d not study i n Germany; h i s f o r m a l 
t r a i n i n g was as a m e c h a n i c a l engineer at the U n i v e r s i t y of 
W i s c o n s i n . He l e a r n e d h i s geology i n the f i e l d , f i r s t as an 
a s s i s t a n t i n the s t a t e survey of W i s c o n s i n , where he became 
ac q u a i n t e d w i t h the use of the m i c r o s c o p e , and l a t e r as a 
g e o l o g i s t and d i v i s i o n c h i e f i n the U.S. G e o l o g i c a l Survey. 
Although Van H i s e taught a t h i s alma mater throughout the 1880s 
and 1890s, and l a t e r became i t s p r e s i d e n t , h i s p r o f e s s i o n a l 
l i f e was o r i e n t e d toward the Survey, where h i s p r i m a r y r e s p o n s i ­
b i l i t y was to study the i r o n and copper d i s t r i c t s of the Lake 
S u p e r i o r r e g i o n (40, 41). A l e s s e r i n t e l l e c t might have been 
s a t i s f i e d to prepare u s e f u l but e s s e n t i a l l y d e s c r i p t i v e r e p o r t s 
on the topography and m i n e r a l s of the a r e a , but Van H i s e had 
unusual d i s c i p l i n e and t e n a c i t y . H i s d e s c r i p t i v e work l e d him, 
d u r i n g the e a r l y 1890s, t o study the causes of ore d e p o s i t i o n 
and the l a r g e r s u b j e c t of metamorphism. F r u s t r a t e d by h i s 
inadequate p r e p a r a t i o n i n the p h y s i c a l s c i e n c e s , Van H i s e 
embarked on an a m b i t i o u s campaign t o educate h i m s e l f i n the 
p r i n c i p l e s of p h y s i c s and c h e m i s t r y . I n 1902, he wrote: 

d u r i n g the past f i v e y e a r s , i n o r d e r t o handle the 
problems of geology b e f o r e me, I have spent more 
time i n t r y i n g to remedy my d e f e c t i v e knowledge 
of p h y s i c s and c h e m i s t r y . . . than I have spent 
upon c u r r e n t papers i n geology; and w i t h , I b e l i e v e , 
much more p r o f i t to my work(42). 

Van H i s e d i d not engage i n t h i s study a l o n e . I n the m i d - n i n e t i e s , 
u s i n g Survey funds, he h i r e d a young p h y s i c a l chemist, A. T. 
L i n c o l n , to a s s i s t him w i t h c a l c u l a t i o n s and, i t appears, t o 
t u t o r him i n the new l i t e r a t u r e (44, 45). The f r u i t s of these 
l a b o r s appeared i n a s e r i e s of papers d u r i n g the l a t e 1890s and 
i n h i s massive T r e a t i s e on Metamorphism of 1904, an e n c y c l o p e d i c 
work t h a t some of h i s c o l l e a g u e s took to be the l a s t word on the 
s u b j e c t (45, 46). 

Van H i s e 1 s treatment of metamorphism arose from the f i e l d 
o b s e r v a t i o n t h a t young r o c k s are o f t e n marked by numerous f i s s u r e s 
and j o i n t s whereas o l d e r r o c k s show many s i g n s of f o l d i n g and 
f l e x u r e but few of f r a c t u r e . He a s c r i b e d the d i f f e r e n c e t o the 
p h y s i c a l c o n d i t i o n s under which d e f o r m a t i o n o c c u r r e d . Young r o c l s 
were deformed near the s u r f a c e i n what Van H i s e c a l l e d a zone of 
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f r a c t u r e . Here s t r e s s might r e s u l t i n r u p t u r e , but incumbent 
p r e s s u r e was i n s u f f i c i e n t to cause f i s s u r e s , once opened, to be 
c l o s e d . A n c i e n t r o c k s were deformed beneath t h i s zone, i n a 
second r e g i o n which Van H i s e c a l l e d the zone of f l o w . Here 
p r e s s u r e was g r e a t e r than the s t r e n g t h of any r o c k , and hence 
f i s s u r e s were i m p o s s i b l e . Deformation i n t h i s lower r e g i o n 
r e s u l t e d from the p l a s t i c f l o w of r o c k s . 

Although Van H i s e a t t r i b u t e d the gross d e f o r m a t i o n of r o c k s 
to p h y s i c a l causes, he b e l i e v e d t h a t t h e i r a l t e r a t i o n was a 
c h e m i c a l , or p h y s i c o - c h e m i c a l , problem. Thus, he ma i n t a i n e d 
t h a t a d i f f e r e n t s e t of ch e m i c a l r e a c t i o n s c h a r a c t e r i z e d the 
a l t e r a t i o n of rocks i n each zone. I n the zone of f r a c t u r e , 
r e a c t i o n s t y p i c a l l y o c c u r r e d w i t h the expansion of volume and the 
l i b e r a t i o n o f heat: o x i d a t i o n , c a r b o n a t i o n , and h y d r a t i o n . I n 
the lower zone, these r e a c t i o n s were r e v e r s e d as p r e s s u r e r a t h e r 
than temperature became the f a c t o r c o n t r o l l i n g c h e m i c a l change. 
I n both zones, the a l t e r a t i o n of r o c k s took p l a c e c h i e f l y through 
the agency of water and the m i n e r a l i z e r s t h a t water c a r r i e d i n 
s o l u t i o n . I n the zone of f r a c t u r e , m e t e o r i c waters c i r c u l a t e d 
through f i s s u r e s , d i s s o l v i n g and d e p o s i t i n g metals and o t h e r 
m i n e r a l s as a r e s u l t of v a r i a t i o n i n s o l u b i l i t y a r i s i n g from 
changes i n t e m p e r a t u r e and p r e s s u r e . I n the zone of r o c k f l o w , 
minute q u a n t i t i e s of trapped water a c t e d to m a i n t a i n r o c k s i n 
a p l a s t i c s t a t e through the continuous s o l u t i o n and d e p o s i t i o n of 
rock m a t e r i a l (45, _47, 48, 49). 

The names of v a n f t H o f f , A r r h e n i u s , Ostwald, and N e r n s t dot 
the pages of Van H i s e 1 s work and w i t h good reason. H i s under­
s t a n d i n g of the e f f e c t s of temperature and p r e s s u r e on ch e m i c a l 
r e a c t i o n s and of the r o l e s of water and i o n i c e q u i l i b r i a i n 
metamorphic processes was d e r i v e d l a r g e l y from h i s r e a d i n g of the 
work of these p h y s i c a l c h e m i s t s . "The h a n d l i n g of the problems 
of r o c k a l t e r a t i o n w i t h f a i r l y s a t i s f a c t o r y r e s u l t s , " he l a t e r 
w r o t e , "was p o s s i b l e because of the r i s e o f p h y s i c a l c h e m i s t r y . 
Had t h i s s c i e n c e not been developed w i t h i n the past s c o r e o f 
y e a r s , i t would not have been p o s s i b l e t o have gone f a r upon the 
problem...." (50). Van H i s e thought t h a t he had sketched out the 
major f e a t u r e s of a g e n e r a l t h e o r y of metamorphism. But he 
re c o g n i z e d t h a t the d e t a i l s of metamorphic processes were l a r g e l y 
u n r e s o l v e d . A b e t t e r u n d e r s t a n d i n g of the phenomena, he suggested 
on more than one o c c a s i o n , would r e q u i r e e x p e r i m e n t a l study by 
s c i e n t i s t s w i t h a s u r e r knowledge of p h y s i c a l c h e m i s t r y than he 
had been a b l e t o a c q u i r e 051, 52). 

D e s p i t e d i f f e r e n c e s i n t h e i r t r a i n i n g and e x p e r i e n c e , Van 
Hi s e and I d d i n g s both came t o the view t h a t a c l o s e r c o l l a b o r a t i o n 
between chemists and g e o l o g i s t s would be n e c e s s a r y , and both 
p e r c e i v e d advantages i n c o n d u c t i n g such c o l l a b o r a t i v e work i n the 
l a b o r a t o r y . But f o r m i d a b l e o b s t a c l e s c o n f r o n t e d such an under­
t a k i n g . F a c i l i t i e s d i d not e x i s t i n the U n i t e d S t a t e s o r abroad 
f o r a p p r o x i m a t i n g and c o n t r o l l i n g the c o n d i t i o n s under which 
r o c k s were formed (53, 54). Advances i n the technology of producing 
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and measuring h i g h temperatures and p r e s s u r e s suggested t h a t such 
c o n d i t i o n s might be r e a l i z e d , but a l a b o r a t o r y equipped t o study 
molten s i l i c a t e s o l u t i o n s would be an expensive a f f a i r , r e q u i r i n g 
a i r and water compressors, h i g h p r e s s u r e bombs, gas and r e s i s t a n c e 
f u r n a c e s , c o s t l y e l e c t r i c a l equipment, and p r o d i g i o u s q u a n t i t i e s 
of p l a t i n u m f o r r e a c t i o n v e s s e l s . A f a i r l y l a r g e s t a f f w i t h a 
v a r i e t y of s p e c i a l s k i l l s would be n e c e s s a r y t o d e s i g n and super­
v i s e d e l i c a t e experiments t h a t might run f o r hours o r days. And 
the e n t i r e e n t e r p r i s e would be d i r e c t e d toward assembling d a t a 
w i t h no demonstrable economic b e n e f i t . A l t h o u g h Van H i s e was a 
p r o f e s s o r a t W i s c o n s i n and I d d i n g s had j o i n e d the s t a f f a t the 
U n i v e r s i t y of Chicago i n 1892, t h e r e i s no evidence t h a t e i t h e r 
approached u n i v e r s i t y o f f i c i a l s w i t h such a p r o j e c t . Rather 
they chose to work through the U.S. G e o l o g i c a l Survey. 

The o p p o r t u n i t y came i n 1900, when the d i r e c t o r of the Survey, 
C. D. W a l c o t t , a p p o i n t e d Van H i s e chairman o f a committee t o 
study r e l a t i o n s between the g e o l o g i c a l and c h e m i c a l d i v i s i o n s of 
the agency (55). The Survey had sponsored a l i m i t e d program of 
g e o p h y s i c a l i n v e s t i g a t i o n s d u r i n g the 1880s and e a r l y 1890s, but 
d u r i n g the budget c r i s i s of 1892, t h i s l a b o r a t o r y had been 
a b o l i s h e d and the Survey had c o n f i n e d i t s e x p e r i m e n t a l s t u d i e s 
t o r o u t i n e c h e m i c a l a n a l y s e s (56). Now, however, the chemists 
i n the Survey, t o g e t h e r w i t h some of the l a b o r a t o r y minded 
g e o l o g i s t s such as Van H i s e , had grown r e s t i v e w i t h t h i s r o l e . 
The r e p o r t of Van H i s e 1 s committee, not s u r p r i s i n g l y , recommended 
t h a t c h e m i c a l r e s e a r c h i n the Survey be g r e a t l y expanded and t h a t 
time and equipment be made a v a i l a b l e f o r r e s e a r c h on problems 
such as had caught the a t t e n t i o n of Van H i s e and I d d i n g s (57). 

L a t e r t h a t y e a r , a l a b o r a t o r y of c h e m i s t r y and p h y s i c s was 
o r g a n i z e d w i t h i n the Survey under the d i r e c t i o n of George F. 
Becker, a s c i e n t i s t w i t h both l a b o r a t o r y and f i e l d e x p e r i e n c e 
(58, 59). I t became the k e r n e l from which a geochemical t r a d i t i o n 
grew i n America. Becker drew t o g e t h e r an i m p r e s s i v e s t a f f whose 
members had backgrounds i n s e v e r a l d i s c i p l i n e s : the a n a l y t i c a l 
c h e m i s t s , F. W. C l a r k e and W. F. H i l l e b r a n d ; A r t h u r L o u i s Day, 
a Y a l e t r a i n e d p h y s i c i s t who had worked on h i g h temperature 
thermometry a t the P h y s i k a l i s c h - t e c h n i s c h e R e i c h s a n s t a l t ; Ε. T. 
A l l e n , a young chemist w i t h c o n s i d e r a b l e i n t e r e s t i n the new 
p h y s i c a l c h e m i s t r y ; F. E. W r i g h t , a p e t r o g r a p h e r f r e s h from 
Rosenbusch's i n s t i t u t e ; J . K. Clement, a p h y s i c a l chemist 
t r a i n e d by Nernst a t G o t t i n g e n ; and another p h y s i c a l c hemist, 
E. S. Shepherd, who had worked a t C o r n e l l w i t h W. D. B a n c r o f t , the 
l e a d i n g American e x p e r t on phase e q u i l i b r i a (60). 

T h i s m u l t i - d i s c i p l i n a r y s t a f f developed an a m b i t i o u s i n t e r ­
d i s c i p l i n a r y program f o r the e x p e r i m e n t a l study of r o c k formation. 
"Our p l a n , " Day and A l l e n w r o t e , 

was to study the thermal b e h a v i o r of some of the 
s i m p l e r o c k making m i n e r a l s by a t r u s t - w o r t h y 
method, then the c o n d i t i o n s of e q u i l i b r i u m f o r 
s i m p l e combinations o f t h e s e , and thus t o reach 
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a sound b a s i s f o r the study of ro c k f o r m a t i o n o r 
d i f f e r e n t i a t i o n from magma. E v e n t u a l l y , when 
we are a b l e to v a r y the p r e s s u r e w i t h the tempera­
t u r e over c o n s i d e r a b l e ranges, our knowledge o f the 
r o c k - f o r m i n g m i n e r a l s s h o u l d become s u f f i c i e n t t o 
enable us t o c l a s s i f y many of the earth-making 
p r o c e s s e s i n t h e i r proper p l a c e w i t h the q u a n t i ­
t a t i v e p h y s i c o - c h e m i c a l r e a c t i o n s of the l a b o r a t o r y 
(61). 

P a r t of t h i s program was r e a l i z e d a t the Survey. Between 
1901 and 1907, the chemist A l l e n , the p h y s i c i s t Day, and the 
p e t r o g r a p h e r , I d d i n g s , completed a r i g o r o u s study o f the thermal 
p r o p e r t i e s of the p l a g i o c l a s e f e l d s p a r s , the most abundant r o c k -
f o r m i n g m i n e r a l s . T h i s study was i m p o r t a n t i n s e v e r a l r e s p e c t s . 
I t was the f i r s t f u l l y q u a n t i t a t i v e study of the b e h a v i o r of 
c o o l i n g s i l i c a t e m e l t s . I t s a u t h o r s i n t r o d u c e d many of the 
t e c h n i q u e s t h a t l a t e r became s t a n d a r d f e a t u r e s i n such r e s e a r c h , 
f o r i n s t a n c e , the use of therma l r a t h e r than o p t i c a l methods 
to determine m e l t i n g p o i n t s and the use of a r t i f i c i a l m i n e r a l s 
to guarantee p u r i t y . Moreover, Day and A l l e n e x p l i c i t l y t i e d 
t h e i r f i n d i n g s t o the work of the Dutch s c h o o l of p h y s i c a l 
chemists by showing t h a t sodium and c a l c i u m f e l d s p a r s formed 
a continuous s e r i e s of iso m o r p h i c c r y s t a l s t h a t f i t Type I of 
Roozeboom's c l a s s i f i c a t i o n of heterogeneous e q u i l i b r i a . T h i s 
r e s u l t c a s t l i g h t both on the process o f d i f f e r e n t i a t i o n — 
r u l i n g o u t , f o r example, the i d e a t h a t a l l s i l i c a t e m e l t s behaved 
as e u t e c t i c s — and i t a l s o a l l o w e d Day and A l l e n t o account 
f o r one of the c h a r a c t e r i s t i c f e a t u r e s of f e l d s p a r c r y s t a l s , t h e i r 
z o n a l s t r u c t u r e . W a l c o t t c a l l e d t h i s work "one of the most 
important c o n t r i b u t i o n s to g e o l o g i c p h y s i c s ever p r i n t e d " ; i t was 
a model f o r subsequent s t u d i e s of ot h e r s i l i c a t e systems (62). 

The r e s e a r c h program, begun at the U.S. G e o l o g i c a l Survey, 
f l o u r i s h e d a t a new i n s t i t u t i o n t h a t opened i t s doors i n 1907, the 
G e o p h y s i c a l L a b o r a t o r y of the Carnegie I n s t i t u t i o n of Washington. 
S e v e r a l f e a t u r e s of the h i s t o r y of t h i s L a b o r a t o r y m e r i t emphasis 
here. D u r i n g i t s p l a n n i n g s t a g e , which l a s t e d from 1902 t o 1905, 
Van H i s e , I d d i n g s , and o t h e r American p e t r o g r a p h e r s p l a y e d a 
c r u c i a l r o l e i n g u i d i n g the t r u s t e e s of the Carnegie I n s t i t u t i o n 
of Washington toward f u n d i n g the p h y s i c o - c h e m i c a l study of ro c k 
f o r m a t i o n . When i t opened, the G e o p h y s i c a l L a b o r a t o r y was based 
l a r g e l y upon the s t a f f , t e c h n i q u e s , and r e s e a r c h program t h a t 
had e v o l v e d a t the G e o l o g i c a l Survey. A r t h u r L. Day was i t s 
f i r s t d i r e c t o r ; A l l e n h i s c h i e f chemist. The p h y s i c a l c h e m i s t s , 
Clement and Shepherd moved w i t h them, as d i d the p e t r o g r a p h e r , 
Wright. U s i n g t h i s group as a n u c l e u s , Day expanded the s t a f f 
by h i r i n g o t h e r p e t r o g r a p h e r s and p h y s i c a l c h e m i s t s : s t u d e n t s 
of Rosenbusch and Z i r k e l and former p u p i l s of the American 
p h y s i c a l c h e m i s t s , A. A. Noyes and W. D. B a n c r o f t . F o l l o w i n g 
the procedures e s t a b l i s h e d at the U.S.G.S., these s c i e n t i s t s 
went about the t a s k of m e t h o d i c a l l y c o l l e c t i n g the d a t a n e c e s s a r y 
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to c o n s t r u c t phase diagrams of two and t h r e e component m i n e r a l 
systems. The r e s u l t s were of c a r d i n a l importance t o geochemistry. 
T h e i r d a t a went a l o n g way toward f i l l i n g a vacuum i n the chemisrJs 
knowledge of the b e h a v i o r of s i l i c a t e s and s e r v e d as the b a s i s 
f o r N. L. Bowen's t h e o r y of the e v o l u t i o n of igneous r o c k s , 
w h i c h , a l t h o u g h not u n c h a l l e n g e d , has remained a c o r n e r s t o n e of 
t e a c h i n g and r e s e a r c h i n p e t r o l o g y and geochemistry s i n c e i t was 
advanced i n 1922 (56, 63, 64). 

The i n f l u e n c e of the G e o p h y s i c a l L a b o r a t o r y as a s t i m u l u s 
toward geochemical r e s e a r c h and t r a i n i n g was perhaps as important 
as the work conducted w i t h i n i t s w a l l s . When the L a b o r a t o r y 
was founded, n e i t h e r i t s promoters nor i t s sponsor e n v i s i o n e d i t s 
work as h a v i n g any immediate economic importance. Rather i t 
was e s t a b l i s h e d as a c e n t e r f o r b a s i c r e s e a r c h i n t o the p r o c e s s e s 
of p e t r o g e n e s i s . But soon a f t e r the L a b o r a t o r y opened, i t s s t a f f 
members began to make c o n t r i b u t i o n s of i n d u s t r i a l s i g n i f i c a n c e — 
s p i n o f f s from t h e i r b a s i c r e s e a r c h program. Day and Shepherd 
developed a p r a c t i c a l method f o r the p r o d u c t i o n of q u a r t z g l a s s ; 
o t h e r s made d i s c o v e r i e s of v a l u e to the cement and ceramics 
i n d u s t r i e s (65-68). D u r i n g World War I , the s t a f f was r e s p o n s i b l e 
f o r d e v e l o p i n g the methods t h a t a l l o w e d the U n i t e d S t a t e s to 
become a major producer of o p t i c a l g l a s s (69). A f t e r the war, 
many of the s t a f f members found p o s i t i o n s i n i n d u s t r i a l r e s e a r c h 
as managers of f i r m s such as U.S. S t e e l , C o r n i n g G l a s s , and 
P i t t s b u r g h P l a t e G l a s s , and r e a l i z e d t h a t the t e c h n i q u e s used i n 
the study of m i n e r a l s c o u l d a l s o be a p p l i e d to g l a s s , c e r a m i c s , 
cement, and m e t a l s . And as the market f o r geochemists 1 know­
ledge began to develop, so too d i d i n t e r e s t i n the f i e l d i n 
u n i v e r s i t i e s . Other s t a f f members l e f t the G e o p h y s i c a l Lab­
o r a t o r y a f t e r World War I t o take p o s i t i o n s at Harvard, Y a l e , 
Chicago, and o t h e r c e n t e r s where they e s t a b l i s h e d some of the 
f i r s t graduate courses and r e s e a r c h f a c i l i t i e s i n the f i e l d s of 
p h y s i c o - c h e m i c a l p e t r o l o g y and geochemistry (56). Nor were these 
developments n e g l e c t e d abroad. D u r i n g the teens and t w e n t i e s , a 
stream of f o r e i g n s c i e n t i s t s v i s i t e d Washington t o study the 
methods of Day, Bowen, and t h e i r a s s o c i a t e s . The g e o p h y s i c a l 
i n s t i t u t e s i n Sendai, Japan and Z u r i c k , S w i t z e r l a n d were founded 
by s c i e n t i s t s who had f i r s t worked a t the G e o p h y s i c a l L a b o r a t o r y ; 
v i s i t o r s a l s o came from O s l o , Groningen, and Amsterdam (70). 

I t would be no e x a g g e r a t i o n t o say t h a t the G e o p h y s i c a l 
L a b o r a t o r y was at the hub of developments i n geochemistry i n the 
e a r l y t w e n t i e t h c e n t u r y . I t was a s i t e where p h y s i c a l chemists 
and e a r t h s c i e n t i s t s met, exchanged i d e a s , and c a r r i e d the 
p h y s i c o - c h e m i c a l study of p e t r o g e n e s i s toward i t s l i m i t s i n a 
l a b o r a t o r y s e t t i n g . I t was a l s o a c e n t e r t h a t made v i t a l con­
t r i b u t i o n s b o t h to the f o r m a t i o n of an i n t e r n a t i o n a l community of 
geochemical i n v e s t i g a t o r s and t o the development of markets f o r 
t h e i r s e r v i c e s . 

By 1915, geochemistry had become one of those f i e l d s i n 
which American s c i e n t i s t s had begun to assume i n t e r n a t i o n a l 
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l e a d e r s h i p . Americans i n t h i s f i e l d went to Europe not so much 
to l e a r n as t o te a c h ; Europeans v i s i t e d America not so much to 
i n s t r u c t as t o study. The s c i e n c e s upon which geochemistry was 
based, petrography and p h y s i c a l c h e m i s t r y , b o t h had t h e i r o r i g i n s 
i n Europe, but Americans such as I d d i n g s , Van H i s e , Day, and 
Bowen had been i n the vanguard of those who sought t o b r i n g them 
t o g e t h e r . 

Geochemistry was n o t , o f co u r s e , the o n l y s c i e n t i f i c 
s p e c i a l t y i n which Americans were a c q u i r i n g r e p u t a t i o n s f o r 
e x c e l l e n c e i n the e a r l y t w e n t i e t h c e n t u r y . S i m i l a r advances were 
b e i n g made i n o t h e r f i e l d s , and e s p e c i a l l y i n new s p e c i a l t i e s : 
g e n e t i c s , p h y s i c a l c h e m i s t r y , the b i o m e d i c a l and e n g i n e e r i n g 
s c i e n c e s . I n s e e k i n g t o e x p l a i n the success of American workers 
i n these s c i e n c e s i t has become customary t o l o o k toward s p e c i a l 
f e a t u r e s of the American market o r American u n i v e r s i t y . Market 
e x p l a n a t i o n s g e n e r a l l y account f o r d i f f e r e n c e s between the r a t e 
of development of s p e c i a l t i e s i n d i f f e r e n t n a t i o n a l c o n t e x t s 
through r e f e r e n c e t o l o c a l demands f o r s k i l l s and s e r v i c e s ( 4 ) . 
E x p l a n a t i o n s based on the s t r u c t u r e of American i n s t i t u t i o n s of 
h i g h e r l e a r n i n g s t r e s s the f l e x i b i l i t y of the department and 
e l e c t i v e system and the a d a p t a b i l i t y of a d e c e n t r a l i z e d and 
c o m p e t i t i v e network of u n i v e r s i t i e s (6, ]_> 71) . 

N e i t h e r of these s o r t s of e x p l a n a t i o n s , however, seems 
r e l e v a n t i n a c c o u n t i n g f o r why the U n i t e d S t a t e s s h o u l d have 
become a l e a d i n g s i t e f o r r e s e a r c h i n geochemistry a t the t u r n 
of the c e n t u r y . When I d d i n g s and Van H i s e began i n t h e i r r a t h e r 
s p e c u l a t i v e way t o appl y p h y s i c a l c h e m i s t r y t o g e o l o g i c a l problems 
they h e l d no hope of immediate and d i r e c t p r a c t i c a l consequences. 
When Day embarked on the p l a n n i n g of the G e o p h y s i c a l L a b o r a t o r y , 
he appears t o have e n v i s i o n e d l i t t l e i f any economic b e n e f i t . 
These workers d i d not respond to market demands, but r a t h e r were 
m o t i v a t e d by the d e s i r e t o account f o r the o r i g i n s , d i f f e r e n t i a ­
t i o n , and a l t e r a t i o n of r o c k s — q u e s t i o n s t h a t were of c o n s i d e r ­
a b l e importance to the h i s t o r y of g e o l o g i c a l s t r u c t u r e s and the 
c l a s s i f i c a t i o n of r o c k s , but which c o u l d h a r d l y be claimed as 
problems of economic geology. The a p p l i c a t i o n s t h a t l a t e r arose 
and c o n t r i b u t e d toward c r e a t i n g a market f o r geochemists 1 s k i l l s 
were l a r g e l y , i f not w h o l l y , u n a n t i c i p a t e d (56). 

Nor i s i t p o s s i b l e t o invoke the dynamism of the American 
u n i v e r s i t y and the f l e x i b i l i t y of i t s v a r i o u s s t r u c t u r a l f e a t u r e s 
as an e x p l a n a t i o n of the g e n e s i s o f an American t r a d i t i o n i n 
geochemistry. The u n i v e r s i t y was v e r y much on the p e r i p h e r y of 
t h i s s t o r y . I t s u p p l i e d t r a i n i n g t o pe t r o g r a p h e r s and p h y s i c a l 
chemists who worked a t the U.S. G e o l o g i c a l Survey and the Geo­
p h y s i c a l L a b o r a t o r y , but courses and o p p o r t u n i t i e s f o r geochemical 
r e s e a r c h i n American u n i v e r s i t i e s developed v e r y s l o w l y . When 
Day s e l e c t e d the s t a f f of the G e o p h y s i c a l L a b o r a t o r y , he p i c k e d 
s c i e n t i s t s w i t h c r e d e n t i a l s i n petrography and p h y s i c a l c h e m i s t r y ; 
they were molded i n t o geochemists a f t e r e n t e r i n g the L a b o r a t o r y . 
U n i v e r s i t i e s such as Chicago and Columbia became important s i t e s 
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f o r geochemical r e s e a r c h and t r a i n i n g o n l y a f t e r 1930, and l a r g e l y 
under the s t i m u l a t i o n o f developments t a k i n g p l a c e o u t s i d e o f the 
u n i v e r s i t y s e t t i n g . I n the case of geochemistry, the u n i v e r s i t y 
was not the m a t r i x of s p e c i a l i z a t i o n . Rather i t was the U.S. 
G e o l o g i c a l Survey and l a t e r the G e o p h y s i c a l L a b o r a t o r y . 

T h i s i s not to deny the importance of markets and u n i v e r s i ­
t i e s i n the ge n e s i s and development of new r e s e a r c h f i e l d s i n 
t u r n of the c e n t u r y America. I t i s t o suggest however t h a t we 
sh o u l d beware of l a y i n g undue s t r e s s on market f o r c e s and 
i n s t i t u t i o n a l s t r u c t u r e s a t the expense of i n t e l l e c t u a l f a c t o r s . 
There i s an i n t e l l e c t u a l b a s i s f o r s p e c i a l i z a t i o n . S c i e n t i s t s 
ar e not powerless c a p t i v e s of market c o n d i t i o n s nor i s t h e i r 
s c i e n c e a p a s s i v e s t u f f t h a t adapts i t s e l f to the c o n f i g u r a t i o n 
of e x i s t i n g i n s t i t u t i o n s . S c i e n t i s t s a r e , or can be, a c t i v e 
agents who shape the v e s s e l s i n which they work i n accordance 
w i t h t h e i r p e r c e p t i o n s of c o n c e p t u a l needs and o p p o r t u n i t i e s . I n 
the case of geochemistry, the concepts were drawn l a r g e l y from 
petrography and p h y s i c a l c h e m i s t r y . They came t o g e t h e r i n 
America because t h e r e were r e p r e s e n t a t i v e s of bot h of these 
t r a d i t i o n s p r e s e n t who p e r c e i v e d a f i t between the problems of the 
one f i e l d and the tech n i q u e s of the o t h e r and who were i n p o s i ­
t i o n s to mold i n s t i t u t i o n s w i t h i n which a new s p e c i a l t y might 
grow. A c e r t a i n degree o f i n s t i t u t i o n a l f l e x i b i l i t y was p r e ­
r e q u i s i t e , but i n t h i s c a s e , t h a t f l e x i b i l i t y was not to be found 
i n the u n i v e r s i t y but r a t h e r i n the much maligned G e o l o g i c a l 
Survey of the p o s t - P o w e l l e r a and i n the Carnegie I n s t i t u t i o n of 
Washington. 
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2 
Synthetic Petroleum from High-Pressure 
Coal Hydrogenation 

ANTHONY N. STRANGES 
Texas A&M University, History Department, College Station, TX 77843 

This paper examines the history of high­
-pressure coal hydrogenation from its beginning in 
pre-World War I Germany to its present state of 
development in the United States. It shows how 
Germany, a country almost entirely dependent on 
imported natural petroleum for its liquid fuel 
requirements, called on science and technology to 
make it independent of natural petroleum. Recog­
nizing petroleum as the fuel of the future, her 
scientists took coal, a substance of which they 
had an abundance, and from it synthesized petroleum, 
a product of which Germany had none. 

Of the several processes used to convert coal 
into petroleum, high-pressure coal hydrogenation 
was the most highly developed. Its history falls 
into three broad periods: (1) the work of Friedrich 
Bergius, the inventor of high-pressure coal hydro­
genation, in the period of 1910-1925; (2) the 
commercial development of Bergius's process by 
German industrialists in the 1920s, 1930s, and 
1940s and (3) the present state of coal hydrogena­
tion in the United States. 

Before the rise of Germany's synthetic 
petroleum industry in the mid-thirties, a shortage 
of liquid fuel seriously threatened her economic 
and social well-being. If such a situation should 
repeat itself in the United States, a synthetic 
fuels program could contribute towards American 
self-sufficiency in energy. 

The a v a i l a b i l i t y of n a t u r a l r e s o u r c e s has f o r the most p a r t 
e s t a b l i s h e d the h i s t o r y of energy consumption i n the U n i t e d S t a t e s . 
T h i s h i s t o r y i n c l u d e s f o u r broad time spans: (1) the wood p e r i o d , 

0097-6156/83/0228-0021 $06.25/0 
© 1983 American Chemical Society 
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(2) the c o a l age, (3) the petroleum e r a , and (4) the v e r y r e c e n t 
epoch of u n c e r t a i n t y . The f i r s t or wood p e r i o d began w i t h the 
American R e v o l u t i o n and reached i t s peak i n 1850 when wood 
s u p p l i e d 90 p e r c e n t of the energy consumed i n the U n i t e d S t a t e s . 
Wood consumption decreased r a t h e r r e g u l a r l y a f t e r t h a t , f a l l i n g 
to 50 p e r c e n t i n 1885 and to o n l y 5 p e r c e n t today. 

The c o a l age began i n the second h a l f of the n i n e t e e n t h 
c e n t u r y , when c o a l consumption i n c r e a s e d s t e a d i l y . I n 1850 c o a l 
s u p p l i e d 10 p e r c e n t of the t o t a l energy consumed but by 1885 t h i s 
r o s e to 50 p e r c e n t . C o a l and wood were a t t h a t time the U n i t e d 
S t a t e s 1 s major energy s o u r c e s . W h i l e the use of wood as an energy 
source c o n t i n u e d t o decrease i n the n i n e t e e n t h c e n t u r y , c o a l con­
sumption a t t a i n e d a maximum i n 1910, a c c o u n t i n g f o r 80 p e r c e n t of 
the energy expended i n the U n i t e d S t a t e s . A f t e r 1910, c o a l con­
sumption s t a r t e d to d e c l i n e , dropping to a p p r o x i m a t e l y 45 p e r c e n t 
of the t o t a l energy consumed i n 1945 and to 20 p e r c e n t today. 

Edwin Drake made the f i r s t s i g n i f i c a n t p etroleum s t r i k e i n 
1859 but the petroleum e r a r e a l l y d i d not b e g i n u n t i l the 
t w e n t i e t h c e n t u r y . P e t r o l e u m , which p r o v i d e d 5 p e r c e n t of the 
U n i t e d S t a t e s 1 s energy demands i n 1890, was w i t h n a t u r a l gas the 
source of 45 p e r c e n t of energy consumed i n 1945. Consumption has 
i n c r e a s e d s t e a d i l y and has f a l l e n o n l y v e r y r e c e n t l y . (L) T h i s 
l e a d s t o the f o u r t h time span, the epoch of u n c e r t a i n t y , which 
began w i t h the Arab o i l embargo i n the w i n t e r of 1973-1974. I t 
i n c l u d e s wood, c o a l , and petroleum among i t s energy sources p l u s 
such a l t e r n a t e e n e r g i e s as wind, n u c l e a r , s o l a r , biomass, geo-
thermal and the s y n t h e s i s of petroleum from c o a l . 

The s y n t h e s i s of petroleum has r e c e i v e d much a t t e n t i o n 
l a t e l y . Indeed, many s c i e n t i s t s b e l i e v e the s y n t h e t i c petroleum 
o b t a i n e d from c o a l hydrogénation w i l l c o n t r i b u t e s i g n i f i c a n t l y t o 
the U n i t e d S t a t e s 1 s n a t u r a l petroleum s u p p l y . C o a l hydrogénation 
i s not a r e c e n t d i s c o v e r y ; i t has a l o n g and s u c c e s s f u l h i s t o r y 
d a t i n g from 1913. 

E a r l y Research on C o a l Hydrogénation 

C o a l hydrogénation i s a process which c o n v e r t s d i f f e r e n t 
v a r i e t i e s of c o a l i n t o s y n t h e t i c petroleum by r e a c t i n g c o a l w i t h 
hydrogen gas a t h i g h p r e s s u r e and h i g h temperature. A German 
che m i s t , F r i e d r i c h B e r g i u s (1884-1949) was the f i r s t to hydroge-
n a t e c o a l s u c c e s s f u l l y and to f o r e s e e i t s commercial development. 
Due l a r g e l y to the mass p r o d u c t i o n of a u t o m o b i l e s , worldwide 
p e t r o l e u m consumption had i n c r e a s e d s t e a d i l y i n the f i r s t decade 
of the t w e n t i e t h c e n t u r y . The U n i t e d S t a t e s , the w o r l d ' s l e a d i n g 
p e t r o l e u m producer, needed f o r t y - o n e y e a r s from i t s f i r s t sub­
s t a n t i a l s t r i k e i n August 1859 to December 1900 t o e x t r a c t i t s 
f i r s t b i l l i o n b a r r e l s of p e t r o l e u m , but o n l y e i g h t y e a r s f o r i t s 
n e x t b i l l i o n . (2) For Germany, a c o u n t r y w i t h tremendous c o a l 
d e p o s i t s but l i t t l e n a t u r a l p e t r o l e u m , B e r g i u s saw i n c o a l 
hydrogénation a way t o e l i m i n a t e Germany's almost t o t a l dependence 
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2. STRANGES High-Pressure Coal Hydrogénation 23 

on imported petroleum to meet her ever-increasing petroleum 
requirements. (_3) 

High-pressure research was a r e l a t i v e l y new f i e l d of i n v e s t i ­
gation and i t appeared very promising to many chemists in the 
f i r s t decade of the twentieth century. (4_) To acquire high-
pressure research experience, Bergius spent a year working with 
two of i t s leaders, Walter Nernst (1864-1941) in Berlin and F r i t z 
Haber (1868-1934) in Karlsruhe, after obtaining his doctorate in 
1907. Bergius then moved to a small factory in Hanover and i n 
1910 began independent high-pressure research. His f i r s t experi­
ments were on the hydrogénation of an a r t i f i c i a l coal he had 
prepared from cellulose, (5) followed by his most sign i f i c a n t 
work, the hydrogénation of natural coals. 

By summer of 1913, Bergius had successfully hydrogenated 
natural coals and showed for the f i r s t time that the reaction 
produced synthetic petroleum. He carried out these early 
experiments in a r e l a t i v e l y small steel autoclave (a high-pres­
sure container) of 400 I capacity, treating 150 kg (330 lb) 
batches of powdered coal with five kg of hydrogen gas for twelve 
hours at 400°C and 200 atm pressure. Of a l l the coals tested, 
Bergius found that the younger coals, brown coals, l i g n i t e s , and 
bituminous, gave the best y i e l d , about 85 percent conversion to 
synthetic petroleum. He showed that they had a carbon content of 
about 85 percent, and that the high-pressure reaction raised 
their hydrogen content from 6 to nearly 15 percent. This was the 
key to Bergius 1s coal liquefaction process. He could hydrogenate 
coals with less than 85 percent carbon but not those whose carbon 
content exceeded 85 percent. (6) 

Bergius also established that coal liquefaction consisted of 
two competing reactions: (1) hydrogen addition at temperatures 
and pressure of 300-400°C and 200 atm respectively; this changed 
the complex s o l i d coal structure into heavy p i t c h - l i k e hydro­
carbons and (2) s p l i t t i n g the heavy hydrocarbons into l i g h t e r 
molecules which converted the pitch into l i q u i d hydrocarbons at 
about 450°C. In other words, the hydrogénation of coal was a 
cracking process that absorbed hydrogen. In the autumn of 1913, 
Bergius took out the f i r s t patent on coal hydrogénation. (7) 

The Moves to Essen and Rheinau: World War I 

By 1914, Bergius was ready to enlarge the coal hydrogénation 
process and he accepted an offer to move from his small factory 
in Hanover to the Essen Works of Theodore Goldschmidt A.G., a 
petroleum refining company. At that time the only i n d u s t r i a l -
size, high-pressure apparatus in use was at the Badische A n i l i n -
und Soda-Fabrik 1s synthetic ammonia plant i n Ludwigshafen-Oppau. 
Bergius planned to construct in Essen i n d u s t r i a l - s i z e apparatus 
for the more d i f f i c u l t hydrogénation of a so l i d coal with 
hydrogen gas. He intended to make the entire operation—the 
feeding, mixing, reaction, and removal of products—a continuous 
process. (8) 
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World War I , which began on August 1, 1914, r e v e a l e d 
Germany 1s c r i t i c a l need f o r petroleum. The German Ge n e r a l S t a f f 
had counted on a q u i c k m i l i t a r y v i c t o r y but w i t h i n a s h o r t time 
they suddenly r e a l i z e d t h a t the war was going t o l a s t l o n g e r than 
expected. T h e i r commitment to a s w i f t v i c t o r y was the b a s i c war 
p h i l o s o p h y of the l a t e Count A l f r i e d von S c h l i e f f e n (1833-1913), 
c h i e f of the G e n e r a l S t a f f from 1895 t o 1906. The S c h l i e f f e n P l a n 
was the l o g i c a l outcome of the q u i c k v i c t o r y over France i n 1870-
1871, and from t h a t time the G e n e r a l S t a f f had reworked and 
r e f i n e d i t f o r the war Germany was p r e s e n t l y f i g h t i n g a g a i n s t 
B r i t a i n , F r a n c e , and R u s s i a . To c a r r y out the p l a n , the v a s t b u l k 
of the German army would l a u n c h a tremendous a s s a u l t on F r a n c e , 
w h i l e a minimal f o r c e h e l d o f f the R u s s i a n s . W i t h the d e f e a t of 
France, R u s s i a would then e a s i l y f a l l b e f o r e the German army 1s 
f u l l f o r c e . England, now a l o n e , would have no c h o i c e but to 
s u r r e n d e r i f she extended the war. (9) 

The S c h l i e f f e n P l a n almost worked. But a t the B a t t l e of the 
Marne d u r i n g the second week of September 1914, an unexpected 
French c o u n t e r a t t a c k stopped c o l d the German army 1s r a p i d advance 
to P a r i s . German i n d u s t r y up t o t h i s time p l a y e d no p a r t i n the 
S c h l i e f f e n P l a n . Now, w i t h a l l hope ended f o r a q u i c k v i c t o r y , 
the German High Command r e c o g n i z e d the grim p r o s p e c t s of f i g h t i n g 
a war w i t h l i m i t e d s u p p l i e s of such s t r a t e g i c m a t e r i a l s as sodium 
n i t r a t e and petroleum. 

K a r l Bosch (1874-1940) and A l w i n M i t t a s c h (1869-1953) of 
Badische A n i l i n - und Soda-Fabrik e l i m i n a t e d the n i t r a t e s h o rtage 
t h a t o c c u r r e d a f t e r the B r i t i s h sea b l o c k a d e e f f e c t i v e l y cut o f f 
the n i t r a t e s u p p l y from C h i l e . By May of 1915, they had s u c c e s s ­
f u l l y developed a t t h e i r Oppau P l a n t an i n d u s t r i a l - s c a l e p r o c e s s 
f o r o x i d i z i n g ammonia. T h e i r p r o c e s s converted the l a r g e q u a n t i ­
t i e s of s y n t h e t i c ammonia produced by the Haber p r o c e s s to n i t r i c 
a c i d and o t h e r n i t r a t e s t h a t were e s s e n t i a l f o r f e r t i l i z e r s and 
e x p l o s i v e s . (10) 

B e r g i u s 1 s e f f o r t s t o e s t a b l i s h an i n d u s t r i a l - s c a l e c o a l 
hydrogénation pr o c e s s f o r the p r o d u c t i o n of s y n t h e t i c petroleum 
were not as s u c c e s s f u l . The Konsortium f u r Kohlenchemie i n 1916 
gave him 30 m i l l i o n marks t o c o n s t r u c t a l a r g e f a c t o r y a t Rheinau 
near Mannheim but B e r g i u s never s o l v e d the major o p e r a t i n g 
problems u n t i l l o n g a f t e r the war had ended. Development a l s o 
l a n g u i s h e d , p a r t i c u l a r l y d u r i n g the l a t e r stages of the war, 
because Germany had o b t a i n e d access to Rumanian o i l f i e l d s . The 
c o n v e r s i o n o f c o a l to s y n t h e t i c p e t r oleum thus became of minor 
importance. (11) Indeed, B e r g i u s d i d not resume a c t i v e r e s e a r c h 
a t Rheinau u n t i l 1921, c o n s t r u c t i o n o f the f a c t o r y t a k i n g p l a c e 
o n l y i n 1924. 

The major o p e r a t i n g d i f f i c u l t i e s t h a t c o n f r o n t e d B e r g i u s ' s 
p r o m i s i n g r e s e a r c h on c o a l hydrogénation were not e n t i r e l y 
t e c h n i c a l , however. O b t a i n i n g s u f f i c i e n t r e s e a r c h funds proved 
a s e r i o u s problem i n postwar, i n f l a t i o n - p l a g u e d Germany. To 
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2. STRANGES High-Pressure Coal Hydrogénation 25 

secure the ne c e s s a r y funds, B e r g i u s i n 1921 formed the I n t e r n a ­
t i o n a l B e r g i u s Company, t u r n i n g over t o i t e f f e c t i v e c o n t r o l of 
the Rheinau p l a n t and a l l f o r e i g n r i g h t s t o h i s hydrogénation 
p r o c e s s . German and Dutch i n v e s t o r s d i v i d e d e q u a l l y the c a p i t a l 
of the new company. (12) That same ye a r B e r g i u s o r g a n i z e d a 
B r i t i s h B e r g i u s S y n d i c a t e t o experiment w i t h B r i t i s h c o a l s , and 
i f the hydrogénation was s u c c e s s f u l , t o develop the pr o c e s s w i t h i n 
the B r i t i s h Empire. (13) 

Over a t h r e e - y e a r p e r i o d a t Rheinau, 1922-1925, B e r g i u s and 
h i s a s s i s t a n t s t e s t e d more than 200 d i f f e r e n t k i n d s of c o a l . 
S t a r t i n g from a r e l a t i v e l y s m a l l s c a l e , they e v e n t u a l l y hydroge-
nated c o a l i n q u a n t i t i e s as l a r g e as 1,000 kg (1 t o n ) . A t y p i c a l 
r e a c t i o n run c o n t a i n e d 100 kg of c o a l mixed w i t h 40 kg of heavy 
o i l , 5 kg of hydrogen gas, and 5 kg of f e r r i c o x i d e t o remove any 
s u l f u r p r e s e n t i n the c o a l . The r e a c t i o n y i e l d e d 20 kg of gas 
and about 128 kg of o i l and s o l i d s . D i s t i l l a t i o n of the o i l 
produced 20 kg of g a s o l i n e . (14) 

Expanding the c o a l hydrogénation p r o c e s s t o a s m a l l f a c t o r y -
s i z e o p e r a t i o n a t t h i s time f o r c e d B e r g i u s t o seek a l a r g e r and 
more economical source o f hydrogen gas than he had o b t a i n e d from 
the i r o n - s u p e r h e a t e d water r e a c t i o n . (15) 

3Fe + 4H o0 •> F e Q 0 , + 4H 0 2 3 4 2 
I r o n Steam I r o n Oxide Hydrogen 

As B e r g i u s p o i n t e d out, the economic success of c o a l hydrogénation 
l a r g e l y depended on a cheap and convenient hydrogen sup p l y . T h i s 
l e d him t o t r y the well-known water gas r e a c t i o n , but u s i n g as 
s t a r t i n g m a t e r i a l s methane and ethane gas which were p r e s e n t t o a 
c o n s i d e r a b l e e x t e n t i n the gaseous p r o d u c t s o f c o a l hydrogénation. 
(16) 

CH 4 + H 20 CO + 3H 2 

Carbon 
Methane Steam Monoxide Hydrogen 

C 2 H 5 + 2H 20 -> 2C0 + 5H 2 

Carbon 
Ethane Steam Monoxide Hydrogen 

The I.G. Farben P r o c e s s and I t s C o m m e r c i a l i z a t i o n i n Germany 

I n 1927 B e r g i u s brought h i s c o a l hydrogénation program to a 
s u c c e s s f u l c o n c l u s i o n . I n the Rheinau-Mannheim f a c t o r y , where he 
spent m i l l i o n s o f marks i n r e s e a r c h and employed 150 men, B e r g i u s 
had demonstrated the commercial p o t e n t i a l of c o a l hydrogénation. 
But two problems remained. F i r s t , B e r g i u s d i d not study the 
i n f l u e n c e of d i f f e r e n t c a t a l y s t s on the r e a c t i o n . Secondly, h i s 
pro c e s s was a one-stage o p e r a t i o n : the hydrogénation and 
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d e c o m p o s i t i o n of the c o a l i n t o s y n t h e t i c p etroleum took p l a c e i n 
one step and r e s u l t e d i n a s m a l l e r y i e l d of g a s o l i n e . The gaso­
l i n e was of low q u a l i t y and u n l e s s r e f i n e d i t c o u l d not compete 
w i t h g a s o l i n e o b t a i n e d from n a t u r a l petroleum. (17) 

The Badische A n i l i n - und S o d a - F a b r i k i n Leuna, l a t e r a 
s u b s i d i a r y of the German i n d u s t r i a l g i a n t , I.G. Farben, s o l v e d 
the problems B e r g i u s encountered a t Rheinau a f t e r r e a c h i n g an 
agreement w i t h him i n 1924 to c o n t i n u e the r e s e a r c h on c o a l 
hydrogénation. W i t h i n two y e a r s , i n 1925, M a t t h i a s P i e r (1882-
1965), B a d i s c h e ' s d i r e c t o r of r e s e a r c h , succeeded i n s e p a r a t i n g 
B e r g i u s 1 s one-stage o p e r a t i o n i n t o two: hydrogénation of c o a l t o 
a heavy o i l i n the f i r s t or l i q u i d phase, d e c o m p o s i t i o n of the 
heavy o i l to g a s o l i n e - s i z e m o l e c u l e s i n the second or vapor 
phase. (18) P i e r a l s o d i r e c t e d the s u c c e s s f u l s e a r c h f o r the 
c a t a l y s t s t h a t a c c e l e r a t e d each phase of the hydrogénation 
p r o c e s s , d i s c o v e r i n g t h a t m e t a l l i c s u l f i d e s were i n s e n s i t i v e t o 
s u l f u r , u s u a l l y one of the worst c a t a l y s t p o i s o n s and almost 
always p r e s e n t i n c o a l . (19) 

In I.G. F a r b e n f s two-stage p r o c e s s , the l i q u i d phase r e q u i r e d 
g r i n d i n g the c o a l , suspending i t i n a heavy o i l and adding a 
c a t a l y s t , h e a t i n g the c o a l p a s t e to 300°C, and then pumping i t 
i n t o c o n v e r t o r s where the p a s t e combined w i t h hydrogen gas a t 
230 atm p r e s s u r e . The l i q u i d phase p r o d u c t s c o n s i s t e d of 10 t o 20 
p e r c e n t gases, 5 to 10 p e r c e n t s o l i d s , 50 t o 55 p e r c e n t heavy o i l 
and 20 t o 30 p e r c e n t m i d d l e o i l s such as kerosene, d i e s e l o i l , 
and h e a t i n g o i l . Molybdenum c a t a l y s t s performed v e r y w e l l i n the 
l i q u i d phase hydrogénation but t h e i r l i m i t e d s u p p l y compelled I.G. 
Farben to use low c o s t i r o n c a t a l y s t s . I n the vapor phase, the 
m i d d l e o i l s produced i n the l i q u i d phase r e a c t e d w i t h hydrogen gas 
over f i x e d - b e d c a t a l y s t s a t a temperature and p r e s s u r e of 400°C 
and 200-300 atm. The c a t a l y s t s were u s u a l l y t u n g s t e n s u l f i d e 
c a r r i e d on t e r r a n a e a r t h o r a c t i v a t e d alumina. The second stage 
hydrogénation y i e l d e d 50-70 p e r c e n t g a s o l i n e w i t h a b o i l i n g range 
to 165°C. (20) 

From the f i r s t c o a l hydrogénation p l a n t c o n s t r u c t e d i n A p r i l 
1927 a t Leuna, which by 1931 had t h e , c a p a c i t y to produce 300,000 
m e t r i c tons (2.5 m i l l i o n b a r r e l s ) of s y n t h e t i c p e t r o l e u m per y e a r , 
the German c o a l hydrogénation i n d u s t r y grew to twelve l a r g e p l a n t s 
(Bohlen, S c h o l v e n , Madgeburg, Welheim and o t h e r s ) i n 1944. (21) 
K a r l Bosch, I.G. F a r b e n 1 s c h i e f e x e c u t i v e , was p r i m a r i l y r e s p o n ­
s i b l e f o r Germany's e x t e n s i v e development of the B e r g i u s h i g h -
p r e s s u r e l i q u e f a c t i o n of c o a l r a t h e r than a second c o a l c o n v e r s i o n 
p r o c e s s , Franz F i s c h e r and Hans Tropsch's i n d i r e c t s y n t h e s i s of 
p etroleum from carbon monoxide and hydrogen. (22) Bosch had 
s u c c e s s f u l l y transformed F r i t z Haber's ammonia s y n t h e s i s from a 
l a b o r a t o r y p r o c e s s to a commerical i n d u s t r y and vowed t o do the 
same f o r c o a l hydrogénation. At t h e i r peak i n 1944, the German 
c o a l hydrogénation p l a n t s produced over t h r e e m i l l i o n m e t r i c tons 
(25.5 m i l l i o n b a r r e l s ) of s y n t h e t i c p e t r o l e u m of which two m i l l i o n 
m e t r i c tons (17 m i l l i o n b a r r e l s ) , a f t e r adding l e a d , were h i g h 
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2. STRANGES High-Pressure Coal Hydrogénation 27 

quality aviation and motor gasoline of 100 octane number. In 
World War II these plants provided most of the German m i l i t a r y 1 s 
f u e l . (23) 

The cost of hydrogenating coal was high, 190 marks per ton, 
or the equivalent of 24 cents per gallon. (24) This was more than 
double the price of imported gasoline, but for Germany, with only 
a limited supply of natural petroleum, no alternative remained 
during the War other than the construction of synthetic petroleum 
plants. In this way Germany u t i l i z e d her naturally abundant 
supplies of bituminous and brown coal. 

The German Energy Plan and Its Results 

Germany's synthetic fuel industry never could have developed 
without the government's support. As an incentive toward the 
production of synthetic petroleum, the German government enacted a 
high t a r i f f on imported petroleum i n the early 1930s. It also 
entered into partnership agreements with German industry that were 
v i r t u a l l y r i s k - f r e e to the industry. 

In the Fuel Agreement (Benzinvertrag) of December 14, 1933, 
between I.G. Farben and the Reichswirtschaftsministerium (Office 
of the Secretary for Economy), I.G. Farben promised to produce at 
least 2,490,000 barrels of synthetic gasoline per year by the end 
of 1935 and to maintain this production rate u n t i l 1944. It set 
the production cost, which included depreciation, f i v e percent 
interest, and a small p r o f i t , at 18.5 Pfennig per l i t e r (1.1 
quarts). (25) The government not only agreed to support this 
price but to pay I.G. Farben the difference between the productior 
cost and any possibly lower market price, and to buy the gasoline 
i f no other market emerged. On the other hand, I.G. Farben had tc 
pay the government the difference between the 18.5 Pfennig per 
l i t e r , which was at that time more than three times the world 
market price, and any higher price obtained on the market. By 
1944, I.G. Farben had paid 85 m i l l i o n Reichsmark to the German 
government. (26) 

In September 1936, Adolf H i t l e r announced his Four Year Plan 
to make the German m i l i t a r y ready for war in four years and the 
German economy independent and strong enough to maintain a major 
war e f f o r t . Since H i t l e r ' s war strategy required petroleum, the 
development of a petroleum-independent Germany became the Four 
Year Plan's major thrust. Indeed, i n 1936, H i t l e r urged the 
petroleum and the rubber industries to become independent of 
foreign production i n eighteen months. (27) 

Germany's synthetic petroleum industry never reached these 
goals, but production increased dramatically under the Four Year 
Plan. In 1933, only three small synthetic petroleum plants 
(Ludwigshafen-Oppau, Leuna, Ruhrchemie-Sterkrade-Holten) were 
operating, the l a s t a Fischer-Tropsch plant. At that time, 
Germany's petroleum consumption was about one-half of Great 
Bri t a i n ' s , one-fourth of Russia's, and one-twentieth that of the 
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United States. Yet, even at such low consumption, domestic 
resources were inadequate; Germany imported 85 percent of her 
petroleum. By 1939, f i f t e e n synthetic petroleum plants were i n 
operation. In 1944, twenty-two coal hydrogénation and Fischer-
Tropsch plants converted coal into gasoline and other petroleum 
products. 

Clearly, Germany had the f i r s t successful synthetic petroleum 
industry producing 128 m i l l i o n barrels i n the period 1938-1945. 
She did not continue work on coal liquefaction after World War II 
because the Potsdam (Babelsberg) Conference of July 16, 1945 
prohibited i t . (28) The Frankfort (Frankfurt) Agreement, four 
years l a t e r on A p r i l 14, 1949, ordered dismantling of a l l coal 
conversion plants, (29) but a new agreement, the Petersberg (Bonn) 
Agreement of November 22, 1949, quickly halted the dismantling 
process. (30) The West German government completely removed the 
ban on coal hydrogénation i n 1951, though by this time the plants 
in West Germany, after design modification, were refining 
natural petroleum rather than hydrogenating coal. (31) 

The Russians dismantled four of the hydrogénation plants 
located i n their zone at P o l i t z , Madgeburg, Blechhammer, and 
Auschwitz, and reassembled them in Siberia for the production of 
aviation fuel from coal. The plants at Leuna, Bohlen, Zeitz and 
Briix continued with coal and coal tar hydrogénation into the early 
1960s, but after modification they are also re f i n i n g natural 
petroleum. Thus, today possibly four of Germany's twelve World 
War II coal hydrogénation plants have continued to hydrogenate 
coal. (32) 

The Technical O i l Mission and Similar Investigative Groups 

During the years Germany was developing i t s synthetic petro­
leum industry, the Roosevelt administration recognized the re a l 
p o s s i b i l i t y of American involvement i n a second world war. As 
early as 1941, Roosevelt expressed concern over American petroleum 
reserves, and he established at that time the Office of Petroleum 
Coordinator for National Defense, to gather information on petro­
leum products and to make recommendations to insure an adequate 
petroleum supply. (By June 1941, private industry joined the 
program, lending technical advice to the government.) An execu­
tive order on December 2, 1942 created the Petroleum Administra­
tion for War (PAW) within the Office of Petroleum Coordinator, and 
from PAW originated the idea of sending technical experts to 
Germany to co l l e c t information on Germany's synthetic petroleum 
industry. In the summer of 1943 Harold Ickes, PAW administrator, 
made a formal recommendation to the Joint Chiefs of Staff to 
establish a Technical O i l Mission to Germany. (33) 

The PAW expected private industry and the United States 
Bureau of Mines to ca p i t a l i z e on Germany's considerable experience 
in synthetic petroleum production. With the $30 m i l l i o n that 
Congress authorized i n 1944 for a five-year synthetic petroleum 
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2. STRANGES High-Pressure Coal Hydrogénation 29 

r e s e a r c h and development program, the Bureau planned to resume 
s y n t h e t i c p e t r o l e u m r e s e a r c h where Germany had stopped. (34) 

By December 11, 1944, a d v i s o r s from i n d u s t r y had s e l e c t e d 
t w e n t y - s i x p e t r o l e u m s c i e n t i s t s and en g i n e e r s from p r i v a t e compa­
n i e s (Standard, G u l f , P h i l l i p s ) and the Bureau of Mines f o r the 
T e c h n i c a l O i l M i s s i o n (TOM) t o Germany. W i l l i a m C. Schroeder of 
the Bureau of Mines d i r e c t e d the TOM i n i t s s e a r c h f o r documents. 
(35) The f i r s t TOM members a r r i v e d i n Germany i n l a t e February 
1945 and ent e r e d the German p l a n t s as soon as p o s s i b l e a f t e r the 
p l a n t s f e l l i n t o A l l i e d hands. A l t h o u g h i n s p e c t i o n o f the p l a n t s 
was u s e f u l , the most v a l u a b l e i n f o r m a t i o n the TOM o b t a i n e d came 
from p l a n t p r o d u c t i o n documents, r e s e a r c h documents, and i n t e r ­
views w i t h German s c i e n t i s t s and e n g i n e e r s such as M a t t h i a s P i e r 
and E r n s t Donath. (36) The amount of ca p t u r e d documents u t t e r l y 
amazed the TOM. When they e n t e r e d the I.G. Farben b u i l d i n g i n 
F r a n k f u r t , papers were knee-deep on the f l o o r s o f the g i g a n t i c 
b u i l d i n g and waist-deep i n t h e s t a i r w e l l s . TOM c o l l e c t e d the 
t e c h n i c a l documents and sent them t o London by the to n where 
members of the Combined I n t e l l i g e n c e O b j e c t i v e s Subcommittee 
(CIOS) began t r a n s l a t i n g and a b s t r a c t i n g them. 

As the f l o w inundated the CIOS o f f i c e s , i t s s t a f f c o u l d o n l y 
m i c r o f i l m the documents a t random, p r o d u c i n g 141 r e e l s . L a t e r the 
CIOS moved the e n t i r e program t o the U n i t e d S t a t e s where i t p r o ­
duced another 164 m i c r o f i l m r e e l s . Many documents t h a t a r r i v e d i n 
the U n i t e d S t a t e s found t h e i r way t o l o o s e l y d e f i n e d d e p o s i t o r i e s , 
which o f t e n were s i m p l y the f i r s t c o n v enient l o c a t i o n s w i t h a v a i l ­
a b l e s t o r a g e space. (37) 

CIOS and two o t h e r i n t e l l i g e n c e g a t h e r i n g teams, BIOS ( B r i t i s h 
I n t e l l i g e n c e O b j e c t i v e s Subcommittee) and FIAT ( F i e l d I n t e l l i g e n c e 
Agency, T e c h n i c a l ) i s s u e d more than 1400 r e p o r t s on the German 
s y n t h e t i c p e t r o l e u m p l a n t s . They a l s o r e l e a s e d t h e i n t e r v i e w s of 
German s c i e n t i s t s and e n g i n e e r s , w r i t t e n a t the p l a n t s i t e s o r 
s h o r t l y a f t e r i n P a r i s and London. Many of these r e p o r t s and 
i n t e r v i e w s a r e on the TOM r e e l s . (38) 

S y n t h e t i c P e t r o l e u m P r o d u c t i o n i n the U n i t e d S t a t e s 

By the end of 1945, the T e c h n i c a l O i l M i s s i o n had l a r g e l y 
disbanded and most of i t s members r e t u r n e d t o t h e i r p o s i t i o n s i n 
p r i v a t e i n d u s t r y o r w i t h the Bureau of Mines S y n t h e t i c L i q u i d F u e l s 
D i v i s i o n . The Bureau had done l i m i t e d r e s e a r c h on c o a l hydrogé­
n a t i o n s i n c e 1924, but because of the abundance of n a t u r a l p e t r o ­
leum i n the U n i t e d S t a t e s and the h i g h c o s t of B e r g i u s 1 s s y n t h e t i c 
p r o c e s s i t never a c t i v e l y encouraged development. Arno C. F i e l d n e r 
(1881-1966), the Bureau's c h i e f chemist i n Washington, p o i n t e d out 
i n 1928 t h a t s y n t h e t i c p e t r o l e u m o b t a i n e d from c o a l hydrogénation 
p r o b a b l y c o s t 40 to 50 ce n t s a g a l l o n and showed i t s " u t t e r 
i m p o s s i b i l i t y o f approaching c o m p e t i t i o n w i t h p e t r o l e u m g a s o l i n e 
c o s t i n g 7 t o 9 c e n t s a t the r e f i n e r y , the p r e v a i l i n g present-day 
c o s t s i n the U n i t e d S t a t e s . " (39) F i e l d n e r found i t " h i g h l y 
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w a s t e f u l to consume a l a r g e p o r t i o n of our p r e s e n t s u p p l y of 
p e t r o l eum f o r o r d i n a r y h e a t i n g and s t a t i o n a r y power g e n e r a t i o n , 
where c o a l would answer as w e l l , and then f i n d i t n e c e s s a r y t o 
r e p l a c e t h i s o i l i n a t h e r m a l l y e xpensive manner from c o a l . A 
f o r w a r d - l o o k i n g n a t i o n a l f u e l p o l i c y would seek t o d e l a y the day 
of making l i q u i d f u e l from c o a l as l o n g as p o s s i b l e by r e s e r v i n g 
the h i g h e r v a l u e f u e l s of n a t u r a l gas and p e t r o l e u m f o r those uses 
which cannot be met so e f f i c i e n t l y by the d i r e c t combustion of 
c o a l . " (40) 

F i e l d n e r 1 s a t t i t u d e no doubt i n f l u e n c e d the Bureau's p o s i t i o n 
on h i g h - p r e s s u r e c o a l hydrogénation; but I.G. Farben's s u c c e s s f u l 
development of the B e r g i u s p r o c e s s i n the l a t e 1930s convinced the 
Bureau t h a t i t should a t l e a s t e v a l u a t e the German work on s y n ­
t h e t i c f u e l s and a t the same time o b t a i n d a t a on the s u i t a b i l i t y of 
h y d r o g e n a t i n g American c o a l s . The Bureau b e l i e v e d t h a t the r e s u l t s 
of i t s program would be v a l u a b l e a t some f u t u r e time when the 
U n i t e d S t a t e s might have t o supplement i t s n a t u r a l and non­
renewable petroleum r e s e r v e s . Thus, i n 1936 the Bureau c o n s t r u c t e d 
a t i t s C e n t r a l E x p e r i m e n t a l S t a t i o n i n P i t t s b u r g h a s m a l l c o n t i n u o u s 
u n i t which hydrogenated 100 pounds of c o a l i n 24 hours. (41) By 
1944, i t b u i l t and operated two s m a l l p i l o t p l a n t s a t P i t t s b u r g h and 
B r u c e t o n , P e n n s y l v a n i a and was now ready t o b e g i n semicommercial 
development. (42) Funds f o r the semicommerical development came 
from Congress's $30 m i l l i o n a u t h o r i z a t i o n of 1944. The 78th Con­
gress passed P u b l i c Law 290 which d i r e c t e d the Department of the 
I n t e r i o r , Bureau of Mines, to c a r r y out the p r o d u c t i o n of s y n t h e t i c 
l i q u i d f u e l s from c o a l and o t h e r substances. Amendments i n 1948 
and i n 1950 extended the program. (43) 

W i t h the end of World War I I i n August 1945, the U n i t e d S t a t e s 
War Department had a v a i l a b l e a t L o u i s i a n a , M i s s o u r i a h i g h - p r e s s u r e 
s y n t h e t i c ammonia p l a n t f o r m e r l y operated by the H e r c u l e s Powder 
Company. The Bureau of Mines a c q u i r e d t h i s p l a n t on F e bruary 1, 
1946 f o r the purpose of c o n v e r t i n g i t to a semicommerical h i g h -
pressure c o a l hydrogénation p l a n t . C o n s t r u c t i o n s t a r t e d i n May 
1947 and ended two y e a r s l a t e r i n 1949. The f o l l o w i n g y e a r , the 
Bureau b u i l t a second s y n t h e t i c f u e l p l a n t to t e s t the F i s c h e r -
Tropsch method. Both p l a n t s were o p e r a t i o n a l i n 1951 and had the 
c a p a c i t y t o produce 200-400 b a r r e l s of s y n t h e t i c p e t r o l e u m per day. 
(41) I n the r e s e a r c h and development program a t L o u i s i a n a , the 
Bureau u t i l i z e d i t s almost t h i r t y y e a r s of e x p e r i e n c e w i t h s y n t h e t ­
i c p e t r o l e u m p r o d u c t i o n and the i n f o r m a t i o n c o n t a i n e d i n the 
c a p t u r e d German documents. The Defense Department a l s o q u i e t l y 
brought seven German s c i e n t i s t s t o a s s i s t i n the program. (45) 

The r e s e a r c h a t L o u i s i a n a , M i s s o u r i demonstrated c l e a r l y the 
f e a s i b i l i t y of h y d r o g e n a t i n g American c o a l s . E c o n o m i c a l l y , however, 
c o a l - d e r i v e d petroleum c o u l d not compete w i t h n a t u r a l petroleum. 
The m a n u f a c t u r i n g c o s t of s y n t h e t i c g a s o l i n e , a c c o r d i n g t o the 
Bureau i n 1952-53, was 19.1 c e n t s per g a l l o n o r almost double the 
10.6 c e n t s c o s t o f r e g u l a r grade g a s o l i n e a t p e t r o l e u m r e f i n e r i e s . 
Other c o s t s t u d i e s on s y n t h e t i c g a s o l i n e q u e s t i o n e d the a c c u r a c y 
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of the Bureau's f i g u r e s . Ebasco S e r v i c e s , a c o s t c o n s u l t i n g f i r m 
i n New York C i t y , e s t i m a t e d 21.8 c e n t s per g a l l o n , w h i l e the 
N a t i o n a l P e t r o l e u m C o u n c i l a r r i v e d a t 34.8 c e n t s . The g r e a t v a r i ­
ance i n c o s t among the t h r e e s t u d i e s r e s u l t e d from w i d e l y d i f f e r ­
ent e s t i m a t e s o f p r o f i t s earned from the s a l e s of the p r o c e s s ' s 
c h e m i c a l b y - p r o d u c t s . The Bureau's program succeeded t e c h n o l o g i ­
c a l l y , but the economics of c o a l hydrogénation p r e c l u d e d i t s 
c o n t i n u a t i o n i n a time o f abundant and cheap n a t u r a l petroluem. 
(46) I n 1954 the Bureau t e r m i n a t e d i t s program a t L o u i s i a n a , 
M i s s o u r i and d i s m a n t l e d the c o a l l i q u e f a c t i o n and F i s c h e r - T r o p s c h 
p l a n t s . 

Recent Developments i n C o a l Hydrogénation 

D u r i n g the p a s t t h i r t y y e a r s , p r i v a t e i n d u s t r y and government 
l a b o r a t o r i e s have c o n t i n u e d r e s e a r c h on c o a l hydrogénation. A l l 
of them used t o some e x t e n t the o l d e r German tec h n o l o g y . One of 
the f i r s t p r i v a t e c o a l hydrogénation r e s e a r c h programs took p l a c e 
i n the y e a r s 1952-56 when Union C a r b i d e operated a 300-ton-per-day 
p i l o t p l a n t a t I n s t i t u t e , West V i r g i n i a . The $11 m i l l i o n h i g h -
p r e s s u r e p l a n t (P = 200-400 atm) i n c o r p o r a t e d the l a t e s t advances 
i n c o a l c o n v e r s i o n technology (such as a c c u r a t e temperature con­
t r o l ) and enabled C a r b i d e ' s s c i e n t i s t s t o decrease r e a c t i o n time 
from 45 to 3 minutes. U n l i k e the German hydrogénation p l a n t s , the 
Ca r b i d e p l a n t produced p r i m a r i l y c h e m i c a l s such as benzene, which 
was i n s h o r t s u p p l y , phenols f o r use i n p l a s t i c s , p h a r m a c e u t i c a l s 
d e r i v e d from q u i n o l i n e ( n i c o t i n i c a c i d ) , p i c o l i n e f o r t u b e r c u l o s i s 
drugs, and new r o c k e t f u e l s . C a r b i d e ' s g o a l was t o develop new 
pro d u c t s from c o a l and thus p e r m i t a g r a d u a l r e t u r n t o c o a l as a 
pri m a r y c h e m i c a l f e e d s t o c k r a t h e r than n a t u r a l gas. C a r b i d e l a t e r 
planned to b u i l d a f u l l - s i z e , 1000 to 4000 tons-per-day p l a n t t o 
hydrogenate West V i r g i n i a ' s c o a l d e p o s i t s but f o r economic reasons 
i t c l o s e d the I n s t i t u t e p l a n t i n 1956. (47) 

N e a r l y t e n y e a r s l a t e r , i n 1962, the O f f i c e o f C o a l Research 
(OCR), a branch of the U n i t e d S t a t e s Department of the I n t e r i o r , 
awarded W i l l a r d B u l l , a chemist w i t h Spencer Chemical Company, a 
c o n t r a c t t o c o n t i n u e the c o a l hydrogénation r e s e a r c h t h a t he had 
begun i n the e a r l y 1950s. One of the government's reasons f o r 
renewed i n t e r e s t i n c o a l - d e r i v e d p e t r o l e u m was t h a t by t h i s time 
the U n i t e d S t a t e s had gone from a net e x p o r t e r of pet r o l e u m t o a 
net i m p o r t e r . Spencer c a r r i e d out s m a l l - s c a l e r e s e a r c h i n i t s 
l a b o r a t o r y i n Merriam, Kansas, c o n v e r t i n g up t o 50 pounds of c o a l 
d a i l y t o a l i q u i d p r oduct t h a t s o l i d i f i e d upon r e d u c i n g the r e a c ­
t i o n temperature and p r e s s u r e . Spencer c a l l e d i t s c o a l hydrogé­
n a t i o n p r o c e s s S o l v e n t R e f i n e d C o a l (SRC), f o r e s s e n t i a l l y the 
pro c e s s c o n s i s t e d o f m i x i n g f i n e l y - c r u s h e d d r i e d c o a l w i t h a heavy 
o i l s o l v e n t (1 p a r t c o a l : 2 p a r t s o i l ) and then adding hydrogen gas 
a t h i g h p r e s s u r e (69-137 atm) and temperature (450°C) t o the c o a l 
s l u r r y p r o d u c i n g a b l a c k , c l e a n - b u r n i n g g l a s s y s o l i d b o i l e r f u e l . 
D u r i n g the e a r l y r e s e a r c h Spencer's chemists found t h a t i n l o w e r i n g 
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the ash content of the s o l i d product to 0.5 weight percent they 
had removed most of the sulfur o r i g i n a l l y present in the coal. 
Thus they not only minimized the ash disposal problem at coal-
burning power plants but had reduced substantially the primary 
contributor to a i r pollution. (48) By 1966, because of favorable 
technical and economic analyses and a continually deteriorating 
balance between petroleum consumption and domestic production, 
Spencer decided to expand i t s program. (49) 

Gulf O i l Corporation had now acquired the Spencer Company, 
and in 1968 with support from a second OCR contract for $88 
m i l l i o n , Gulf began design and construction of a 50-ton-per-day 
p i l o t plant at Fort Lewis, Washington, south of Tacoma. Gulf 
completed construction of the Fort Lewis plant i n September 1974. 
The SRC p i l o t plant successfully hydrogenated high-sulfur bitumi­
nous coals from the eastern United States and bituminous coals 
from Pennsylvania, Kentucky, West V i r g i n i a , and Ohio. Its s o l i d 
product, called SRC-I, had a heating value of 16,000 BTU/pound, 
which was 33 percent greater than that of the unhydrogenated coal. 
The process converted about 65 percent of the coal to the clean-
burning s o l i d , 15 percent to d i s t i l l a b l e l i q u i d s and the rest to 
ash and gases. (50) 

Gulf's ongoing laboratory work early i n the 1970s showed that 
modifying the SRC-I process to operate at a higher pressure (200 
atm) and a s l i g h t l y lower temperature (300-400°C) resulted in a 
greater hydrogen addition and gave a l i q u i d rather than a s o l i d 
product. The l i q u i d resembled the petroleum b o i l e r fuels burned 
in o i l - f i r e d e l e c t r i c power plants. Gulf found that their new, 
improved version of the SRC process, SRC-II, also produced the 
heavy o i l solvent used to dissolve the finely-crushed dried coal, 
and eliminated the need to add constantly external solvents. (51) 

The Fort Lewis plant began intermittent SRC-II production in 
1974 converting daily about 30 tons of high-sulfur eastern bitumi­
nous coals c h i e f l y to 70 barrels of home heating o i l and fuels for 
use i n public u t i l i t y power plants. Indeed, in an experiment of 
August 1978, Consolidated Edison's 74th Street Station i n New York 
City burned 4,500 barrels of SRC-II fuel o i l from the Fort Lewis 
p i l o t plant to generate e l e c t r i c a l energy. The coal-derived fuel 
o i l performed as well technically and environmentally as petroleum-
derived fuel o i l . (52) 

Because the Fort Lewis p i l o t plant was a success, the Depart­
ment of Energy (DOE) decided to take the next step toward develop­
ing an American synthetic petroleum industry. In July 1978, i t 
awarded Gulf a contract to design, construct, and operate a high-
pressure coal hydrogénation demonstration plant. At the same time, 
in the f a l l of 1978, DOE agreed to share the hydrogénation technol­
ogy developed i n the demonstration plant with Japan and West 
Germany, two countries almost t o t a l l y dependent on imported petro­
leum for their l i q u i d fuels. 

DOE investigated more than twenty coal producing areas in the 
United States before selecting a 2,600-acre s i t e north of 

 P
ub

lic
at

io
n 

D
at

e:
 A

ug
us

t 2
3,

 1
98

4 
| d

oi
: 1

0.
10

21
/b

k-
19

84
-0

22
8.

ch
00

2

In Chemistry and Modern Society; Parascandola, J., el al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1984. 
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Morgantown, West V i r g i n i a , on which t o c o n s t r u c t a p l a n t p r o c e s s ­
i n g 6,000 tons of c o a l d a i l y thus p r o d u c i n g about 18,000 b a r r e l s 
of s y n t h e t i c p e t r o leum each day. The p l a n t ' s s i z e though 120 
times l a r g e r than G u l f ' s p i l o t p l a n t was s t i l l o n e - f i f t h the e s t i ­
mated s i z e o f a f u t u r e commercial p r o d u c t i o n p l a n t , h y d r o g e n a t i n g 
30,000 tons of c o a l per day. G u l f scheduled major c o n s t r u c t i o n t o 
b e g i n i n the s p r i n g of 1982 w i t h o p e r a t i o n s e t f o r 1985. The 
p l a n t ' s p r o j e c t e d c o s t , $1.4 b i l l i o n , c e r t a i n l y a major investment, 
but a f i g u r e t h a t r e p r e s e n t e d o n l y the c o s t of s i x days' o i l 
i m ports a t the low p r i c e o f $30 per b a r r e l . (53) 

Gu l f i n t e n d e d t o produce c h i e f l y d i s t i l l a t e f u e l o i l i n the 
West V i r g i n i a p l a n t . T h i s i s a low s u l f u r ( l e s s than 0.3 pe r c e n t ) 
n o n p o l l u t i n g f u e l f o r the p r o d u c t i o n o f e l e c t r i c a l power and steam 
i n the e a s t e r n U n i t e d S t a t e s , where u t i l i t i e s and i n d u s t r y p r e s e n t ­
l y use n a t u r a l p etroleum f u e l o i l . G u l f c l a i m e d t h a t a l a r g e r 
c o m m e r c i a l - s i z e p l a n t p r o c e s s i n g 30,000 tons o f c o a l d a i l y would 
y i e l d 60,000 b a r r e l s of d i s t i l l a t e f u e l o i l o r enough t o meet the 
e l e c t r i c a l demands of a c i t y w i t h one m i l l i o n i n h a b i t a n t s . 

Naphtha was the second major p r o d u c t scheduled f o r p r o d u c t i o n 
i n the SRC-II d e m o n s t r a t i o n p l a n t . T h i s l i g h t e r , l o w - b o i l i n g range 
hydrocarbon m i x t u r e (30-200°C), when upgraded, produces a h i g h 
octane unleaded g a s o l i n e . A c o m m e r c i a l - s i z e p l a n t ' s naphtha p r o ­
d u c t i o n i s about 20,000 b a r r e l s (800,000 g a l l o n s ) of g a s o l i n e 
d a i l y , an amount consumed i n a c i t y o f 250,000 p o p u l a t i o n . (54) 

DOE and G u l f planned a two-year d e m o n s t r a t i o n p e r i o d and i f 
the o p e r a t i o n was t e c h n i c a l l y and e c o n o m i c a l l y s u c c e s s f u l , G u l f had 
the o p t i o n t o purchase the p l a n t and proceed w i t h commercial d e v e l ­
opment. But i n e a r l y 1981, one year b e f o r e the s t a r t o f c o n s t u c -
t i o n on the West V i r g i n i a p l a n t , DOE deci d e d not t o c o n t i n u e fund­
i n g the p r o j e c t . DOE's d e c i s i o n was a d i r e c t r e s u l t of the 
government's new energy p o l i c y which c a l l s f o r p r i v a t e i n d u s t r y t o 
p l a y a l a r g e r r o l e i n the commercial development o f s y n t h e t i c f u e l s . 
Upon l e a r n i n g of DOE's d e c i s i o n , the German, Japanese and American 
sponsors of the West V i r g i n i a p l a n t met i n Bonn, Germany t o d i s c u s s 
the f a t e of the proposed d e m o n s t r a t i o n p l a n t . Faced w i t h the l o s s 
of DOE support they d e c i d e d t o t e r m i n a t e the e n t i r e p r o j e c t . (55) 

Two o t h e r c o a l hydrogénation p r o j e c t s s t a r t e d o p e r a t i o n i n the 
e a r l y 1960s. U n l i k e the c a n c e l l e d West V i r g i n i a p l a n t , they a r e 
a c t i v e today. Both were l a r g e r than G u l f ' s i n i t i a l p r o j e c t and 
a l s o seemed to r e f l e c t an awareness o f the U n i t e d S t a t e s ' s i n c r e a s ­
i n g dependence on imported n a t u r a l petroleum. The f i r s t , the H-Coal 
P r o c e s s , was a j o i n t p r o j e c t i n i t i a l l y i n v o l v i n g the government and 
Hydrocarbon Research I n c . , o f Tr e n t o n , New J e r s e y . I t began i n 
1963 i n Hydrocarbon Research's l a b o r a t o r y w i t h a 25-pound-per-day^ 
b e n c h - s c a l e u n i t and then w i t h a l a r g e r p r o c e s s development u n i t 
t h a t hydrogenated t h r e e tons of c o a l d a i l y . (56) By the e a r l y 1970s 
(1971-72), A s h l a n d S y n t h e t i c F u e l s , a s u b s i d i a r y o f Ashland O i l 
I n c . , A s h l a n d , Kentucky, and Badger P l a n t s , I n c . , Cambridge, 
M a s s a c h u s e t t s , j o i n e d the p r o j e c t . (57) I n the Η-Coal p r o c e s s , 
c r u s h e d , d r i e d c o a l i s mixed w i t h a heavy o i l d e r i v e d from the 
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p r o c e s s to produce a s l u r r y and pumped to a p r e s s u r e of about 200 
atm. A f t e r adding compressed hydrogen gas to the s l u r r y and h e a t ­
i n g to 345-425°C (650-700°F), the s l u r r y passes i n t o an e b u l l a t e d -
bed r e a c t o r c o n t a i n i n g a m e t a l l i c c a t a l y s t (cobalt-molybdenum 
alumina e x t r a d a t e ) where l i q u e f a c t i o n o c c u r s . A l l hydrogénation 
pr o c e s s e s r e q u i r e l a r g e amounts of hydrogen gas. The H-Coal 
P r o c e s s consumes 14,000-20,000 standard c u b i c f e e t of hydrogen f o r 
each ton of c o a l hydrogenated and c o n v e r t s 90 p e r c e n t of m o i s t u r e -
and a s h - f r e e c o a l to s y n t h e t i c petroleum. Each ton of c o a l 
produces t h r e e b a r r e l s of s y n t h e t i c l i q u i d . (58) 

The O f f i c e of C o a l Research, now a d i v i s i o n of DOE, o r i g i n a l ­
l y p r o v i d e d funds f o r Hydrocarbon Research's e a r l y work. By the 
mid-1970s, i t d e c i d e d t h a t the Η-Coal Pr o c e s s had p r o g r e s s e d t o 
the p i l o t p l a n t stage. I n l a t e 1976, Hydrocarbon Research and i t s 
p a r t n e r s began c o n s t r u c t i o n on a 200 to 600 ton-per-day p l a n t i n 
C a t l e t t s b u r g , Kentucky, on a 50-acre s i t e a d j a c e n t t o Ashland O i l ' s 
r e f i n e r y . C o a l t o l i q u i d c o n v e r s i o n s t a r t e d i n May 1980. The 
p l a n t reached i t s 600-ton c a p a c i t y i n 1981, c o n v e r t i n g c o a l s from 
a l l over the c o u n t r y t o l i q u i d f u e l s f o r t r a n s p o r t a t i o n , home and 
i n d u s t r y . DOE o r i g i n a l l y p r o v i d e d $143 m i l l i o n of the p r o j e c t ' s 
$179 m i l l i o n a n t i c i p a t e d c o s t , but c o s t overruns r a i s e d the f i n a l 
p r i c e t o $296 m i l l i o n . The f i n a l step i n the Η-Coal P r o j e c t , i f 
economic e v a l u a t i o n s a r e f a v o r a b l e a f t e r a two-year t e s t p e r i o d , 
w i l l be the c o n s t r u c t i o n of a $1.4 b i l l i o n commerical p l a n t w i t h a 
s y n t h e t i c petroleum c a p a c i t y of 50,000 b a r r e l s per day. (59) 

The remaining c o a l hydrogénation p i l o t p l a n t i n the U n i t e d 
S t a t e s i s the r e c e n t l y completed Exxon p l a n t i n Baytown, Texas. 
(60) I t r e p r e s e n t s the c u l m i n a t i o n of p i l o t p l a n t s t u d i e s which 
began i n 1966 w i t h u n i t s of o n e - h a l f and one ton-per-day c a p a c i ­
t i e s . The Baytown p l a n t , l o c a t e d on a 55-acre s i t e a d j a c e n t t o 
the Exxon r e f i n e r y , i s another j o i n t industry/government o p e r a t i o n 
w i t h 50 p e r c e n t of the $340 m i l l i o n c o s t coming from DOE. Exxon 
i s the l a r g e s t i n d u s t r i a l p a r t i c i p a n t (23.2 p e r c e n t ) ; two of the 
o t h e r p a r t i c i p a n t s , the Japan C o a l L i q u e f a c t i o n Development Company 
(8.3 p e r c e n t ) and Ruhrkohle A. G. of West Germany (2.7 p e r c e n t ) 
r e p r e s e n t i n t e r e s t s o u t s i d e of the U n i t e d S t a t e s . The p l a n t which 
began o p e r a t i o n on June 24, 1980, a f t e r a s i x - y e a r d e s i g n and con­
s t r u c t i o n p e r i o d , w i l l c o n v e r t 250 tons of c o a l per day i n t o 
a p p r o x i m a t e l y 600 b a r r e l s of s y n t h e t i c p e t r oleum u s i n g a t h i r d c o a l 
c o n v e r s i o n method c a l l e d the Exxon Donor S o l v e n t P r o c e s s (EDS). (61) 

L i k e the o t h e r c o a l hydrogénation p r o c e s s e s , SRC-II and H-Coal, 
the Donor S o l v e n t P r o c e s s r e q u i r e s h i g h p r e s s u r e s and temperatures 
(T = 425-470°C [800-880°F], Ρ = 130-135 atm [1500-2000 p s i ] ) . I t 
d i f f e r s from the o t h e r p r o c e s s e s because the s o l v e n t o i l added to 
the crushed d r i e d c o a l t o produce a p a s t e or s l u r r y i s a p r e v i o u s l y 
c a t a l y t i c a l l y hydrogenated r e c y c l e l i q u i d such as t e t r a l i n , C 1 0 H 1 2 . 

Thus, the l i q u e f a c t i o n of c o a l r e s u l t s not o n l y from the a d d i t i o n 
of hydrogen gas to the s l u r r y but a l s o because the s o l v e n t o i l 
donates some of i t s hydrogen atoms t o the c o a l . A c c o r d i n g to 
Exxon, use of a hydrogenated r a t h e r than an unhydrogenated s o l v e n t 
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g r e a t l y improves the l i q u e f a c t i o n p r o c e s s . The m e t a l l i c c a t a l y s t 
(nickel-molybdenum), s i n c e i t does not c o n t a c t c o a l m i n e r a l s o r 
h i g h - b o i l i n g l i q u i d s , has a l o n g e r , more a c t i v e l i f e t i m e . (62) 

The Baytown p l a n t i s s e l f - s u f f i c i e n t , p r o v i d i n g i t s own f u e l 
and the hydrogen gas r e q u i r e d f o r l i q u e f a c t i o n . G a s i f y i n g the coke 
o b t a i n e d i n the hydrogénation pr o c e s s s u p p l i e s the f u e l , r e f o r m i n g 
the l i g h t gaseous p r o d u c t s , CH4 and C2H5, by r e a c t i n g them w i t h 
steam, produces hydrogen gas. The EDS pr o c e s s has about a 71 p e r ­
cent y i e l d of d r y c o a l t o s y n t h e t i c p e t r o l e u m , c o n v e r t i n g one t o n 
of bituminous c o a l s , sub-bituminous c o a l s o r l i g n i t e s t o 2.7-3.1 
b a r r e l s of l o w - s u l f u r , g a s o l i n e - s i z e m o l e c u l e s 

C,-C 1 C, BP = 200-300°C 4 15 
and l u b r i c a t i n g o i l 

C 1 5 " C 2 5 * B P = 3 0 0 - 4 0 C , ° c 

The p i l o t p l a n t w i l l o perate u n t i l 1982 and i f s u c c e s s f u l , Exxon 
w i l l b e g i n c o m m e r c i a l - s i z e development i n 1990. (63) 

C o n c l u s i o n 

S i n c e 1958 the U n i t e d S t a t e s has been a net i m p o r t e r o f p e t r o ­
leum. Though domestic consumption c o n t i n u e d t o i n c r e a s e i n the 
1960s, o n l y i n 1964-1965 d i d i t b e g i n t o i n c r e a s e more r a p i d l y , 
going from a p p r o x i m a t e l y f o u r b i l l i o n b a r r e l s per ye a r t o almost 
f i v e and on e - h a l f b i l l i o n i n 1970. The U n i t e d S t a t e s 1 s petroleum 
p r o d u c t i o n i n c r e a s e d i n t h i s p e r i o d but more s l o w l y than demand. 
In 1970 domestic p r o d u c t i o n reached i t s peak and began to d e c l i n e . 
W i t h i n two y e a r s , i n 1972, the U n i t e d S t a t e s e x p e r i e n c e d i t s f i r s t 
t r a d e d e f i c i t s i n c e 1935 and o n l y the second d e f i c i t s i n c e 1888. 
(64) 

The mid-1960s a l s o marked the b e g i n n i n g o f b a s i c i n d u s t r i a l 
r e s e a r c h on c o a l l i q u e f a c t i o n , perhaps i n a n t i c i p a t i o n of f u t u r e 
petroleum s h o r t a g e s . But the d r i v e t o develop an American s y n t h e t i c 
f u e l i n d u s t r y d i d not occur u n t i l a f t e r the Arab o i l embargo d u r i n g 
the w i n t e r of 1973-74. Today, c o a l l i q u e f a c t i o n seems on the way t o 
becoming a s u c c e s s f u l t e c h n o l o g i c a l and economical a l t e r n a t e energy 
source. A l l t h r e e c o n v e r s i o n p r o c e s s e s , a c c o r d i n g t o c o s t e s t i m a t e s 
made i n mid-1979, produce a s y n t h e t i c petroleum f o r l e s s than $30 
per b a r r e l . (65) Other energy s o u r c e s , such as s o l a r and n u c l e a r , 
can p r o v i d e thermal energy, mechanical energy o r produce e l e c t r i c i t y 
but none can sup p l y l i q u i d f u e l s and l u b r i c a n t s . 

Of c o u r s e , c o a l l i q u e f a c t i o n can never be a permanent s o l u t i o n 
t o the U n i t e d S t a t e s 1 s energy problems, f o r c o a l , though p r e s e n t l y 
p l e n t i f u l , i s n e v e r t h e l e s s a nonrenewable r e s o u r c e w i t h a f i n i t e 
f u t u r e . The U.S. G e o l o g i c a l Survey i n 1976 i d e n t i f i e d American c o a l 
r e s o u r c e s a t a p p r o x i m a t e l y 1,731 b i l l i o n t o n s , w i t h a demonstrated 
r e s e r v e base o f 438 b i l l i o n tons w h ich e x i s t i n g t e c h n o l o g y can mine 
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w i t h a r e c o v e r y of a t l e a s t 50 p e r c e n t . American c o a l r e s e r v e s 
f a r exceed the combined known r e s e r v e s of a l l o t h e r f o s s i l f u e l s 
( o i l , n a t u r a l gas, o i l s h a l e and t a r sands) and have an e s t i m a t e d 
l i f e t i m e of 200-300 y e a r s . (66) 

There a r e a l s o e n v i r o n m e n t a l and h e a l t h f a c t o r s to c o n s i d e r 
b e f o r e d e v e l o p i n g a c o a l l i q u e f a c t i o n i n d u s t r y . Are the i n c r e a s e d 
amounts of carbon d i o x i d e e s c a p i n g i n t o the atmosphere d u r i n g 
l i q u e f a c t i o n g r e a t enough t o render the p r o c e s s a h i g h - r i s k t e c h ­
nology? Some s c i e n t i s t s f e a r t h a t a s u f f i c i e n t i n c r e a s e of atmos­
p h e r i c carbon d i o x i d e w i l l produce a greenhouse e f f e c t r e s u l t i n g i n 
a warming of the e a r t h ' s s u r f a c e and a subsequent s h i f t i n the 
e a r t h ' s a g r i c u l t u r a l zones, v a r i a n c e i n r a i n f a l l , changes i n marine 
p r o d u c t i o n , and a r i s e i n sea l e v e l s . S u l f u r d i o x i d e e m i s s i o n w i l l 
not be a problem because the l i q u e f a c t i o n p r o c e s s removes most of 
the s u l f u r p r e s e n t i n the c o a l . (67) 

I n a d d i t i o n t o the greenhouse e f f e c t , what w i l l happen to a 
geographic a r e a a f t e r h a v i n g mined thousands o f tons of c o a l f o r 
use i n s y n t h e t i c petroleum p r o d u c t i o n ? I s i t p o s s i b l e t o r e s t o r e 
v e g e t a t i o n to a mined-out area? C o a l l i q u e f a c t i o n w i l l need l a r g e 
q u a n t i t i e s o f water f o r power p l a n t c o o l i n g towers, f o r g e n e r a t i n g 
e l e c t r i c i t y and f o r m a n u f a c t u r i n g the hydrogen gas e s s e n t i a l f o r 
l i q u e f a c t i o n . A 6,000-ton-per-day d e m o n s t r a t i o n p l a n t r e q u i r e s 
4,000 g a l l o n s per minute (1.1 c u b i c f e e t per second) or about f o u r 
g a l l o n s of water f o r every g a l l o n of s y n t h e t i c petroleum. W i l l a 
l i m i t e d water s u p p l y i n c e r t a i n c o a l - b e a r i n g r e g i o n s of the West 
hamper the development of a c o a l hydrogénation i n d u s t r y ? A l t e r n a ­
t i v e l y , can r e c l a m a t i o n p r o c e s s e s e l i m i n a t e p o s s i b l e water p o l l u ­
t i o n caused by waste water d i s c h a r g e i n t o nearby streams? (68) 

F i n a l l y , t h e r e i s danger of c a r c i n o g e n i c hydrocarbon e m i s s i o n . 
D u r i n g the 1950s, workers a t Union C a r b i d e ' s c o a l l i q u e f a c t i o n 
p l a n t a t I n s t i t u t e , West V i r g i n i a developed s k i n cancer. A f o l l o w -
up study completed d u r i n g the l a t e 1970s showed, however, t h a t none 
of the workers developed s y s t e m i c ( i n t e r n a l ) c a ncers twenty y e a r s 
l a t e r . Thus, exposure to c o a l l i q u e f a c t i o n c h e m i c a l s appeared t o 
cause no i n c r e a s e of death due t o s y s t e m i c c a n c e r s . Indeed, many 
b i o m e d i c a l e x p e r t s b e l i e v e t h a t because p r e s e n t worker p r o t e c t i o n 
procedures a r e so s u p e r i o r to the p r i m i t i v e t e c h n i q u e s used a t the 
I n s t i t u t e p l a n t , the i n c i d e n c e of s k i n cancer w i l l decrease. (69) 

DOE and p r i v a t e i n d u s t r y r e c o g n i z e today the d i f f i c u l t i e s 
a s s o c i a t e d w i t h d e v e l o p i n g a s y n t h e t i c petroleum i n d u s t r y . DOE has 
withdrawn f u n d i n g f o r the proposed Morgantown, West V i r g i n i a p l a n t , 
but through i t s S y n t h e t i c F u e l s C o r p o r a t i o n , DOE i n t e n d s t o p r o v i d e 
s u b s t a n t i a l support f o r i n d u s t r y i n the form of l o a n and p r i c e 
guarantees. (70) A major reason f o r t h i s d e c i s i o n i s t h a t the 
U n i t e d S t a t e s c o n t a i n s the g r e a t e s t amount of the w o r l d ' s known 
r e c o v e r a b l e c o a l r e s e r v e s , 31 p e r c e n t o r 250 b i l l i o n t o n s . (71) 
The government's long-range g o a l , a c c o r d i n g t o the Energy S e c u r i t y 
A c t of J u l y 1980, was to b u i l d twenty commercial p l a n t s , each 
c o s t i n g about $1.5-$2.0 b i l l i o n which by 1992 would have produced 
two m i l l i o n b a r r e l s per day. (72) The p r e s e n t p l a n c a l l s f o r 

 P
ub

lic
at

io
n 

D
at

e:
 A

ug
us

t 2
3,

 1
98

4 
| d

oi
: 1

0.
10

21
/b

k-
19

84
-0

22
8.

ch
00

2

In Chemistry and Modern Society; Parascandola, J., el al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1984. 



2. STRANGES High-Pressure Coal Hydrogénation 37 

p r o d u c t i o n of 500,000 b a r r e l s by t h a t d a t e , (73) T h i s f i g u r e 
r e p r e s e n t s o n l y a s m a l l f r a c t i o n of the U n i t e d S t a t e s 1 s d a i l y 
p e troleum consumption but c l e a r l y c o n t r i b u t e s toward l e s s e n i n g 
the u n c e r t a i n t y of our energy f u t u r e . 
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3 
From Unit Operations to Unit Processes 
Ambiguities of Success and Failure in Chemical Engineering 
JEAN-CLAUDE GUÉDON 
Université de Montréal, Institut d'Histoire et de Sociopolitique des Sciences, 
Montréal, Canada 

"Chemistry views the chemical reactions; chemical 
engineering views the pocketbook reactions." 
Charles M. Stine (1928). 

I. Background 

Despite its present stage of relative infancy, the history 
of chemical engineering already harbors a number of important 
themes. One of them is that chemical engineering, as this word 
is now used in the United States and a number of other 
countries, refers to a disciplinary and professional structure 
which saw its original cognitive foundations based on a new 
notion - that of unit operations. This point has been developed 
elsewhere (1) but it will be useful to summarize some of the 
main elements of this story to provide a suitable backdrop for 
the present paper. 

It should be recalled that the American Institute of 
Chemical Engineers (AIChE) was organized mainly to respond to 
the professional needs of a number of applied and industrial 
chemists who felt that they were not sufficiently heard by the 
American Chemical Society (ACS). But professional aspirations do 
not amount to a profession; a sense of professional identity is 
also necessary and this identity, in time, cannot exist without 
some clear definition of an area of competence where both 
know-how and knowledge are present. In effect, the would-be 
profession needs to rest on a well defined discipline to achieve 
some degree of maturity. In the case of AIChE, its founding 
fathers quickly focused their attention on educational matters 
and, in particular, they sought to design a suitable curriculum 
for future chemical engineers. In doing so they ultimately -
albeit in a somewhat sleep-walking manner - succeeded in elab­
orating a discipline for themselves. 

In 1915, a consulting engineer from Cambridge, MA, A. D. 
Little, submitted a report to the Corporation of the Massashu-
setts Institute of Technology in which he suggested a new ap­
proach to the teaching of chemical engineering (2)· This 
approach was based on the notion of unit operations and it 
structured his new curricular design - The School of Chemical 
Engineering Practice. 

0097-6156/83/0228-0043 $06.00/0 
© 1983 American Chemical Society 
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The importance of u n i t o p e r a t i o n s was immediately recog­
n i z e d by many p r a c t i t i o n e r s of chemical e n g i n e e r i n g and the 
quick acceptance of A. D. L i t t l e ' s scheme can be accounted f o r 
by the s e v e r a l advantages i t o f f e r e d to the f l e d g l i n g p r o f e s ­
s i o n . F i r s t of a l l , i t p r o v i d e d a c l e a r d i s t i n c t i o n between 
chemical e n g i n e e r i n g and e i t h e r c h e m i s t r y or mechanical e n g i ­
n e e r i n g . As a r e s u l t , i t reduced the pressure of competing 
domains of the young p r o f e s s i o n by c l e a r l y demarcating the 
c o g n i t i v e domain of chemical e n g i n e e r i n g from that of c h e m i s t r y 
or chemical e n g i n e e r i n g . A. D. L i t t l e ' s p r o p o s a l was a l s o 
a t t r a c t i v e because i t helped engineers to respond to the q u i c k l y 
growing v a r i e t y of demands emerging from a chemical i n d u s t r y 
which was l i t e r a l l y booming d u r i n g and immediately a f t e r the 
f i r s t w o r l d war. F i n a l l y , i t a l s o a l l o w e d f o r a u s e f u l d i v i s i o n 
of l a b o r between u n i v e r s i t i e s and i n d u s t r i e s at the l e v e l of 
r e s e a r c h . While u n i v e r s i t i e s c o u l d work w i t h t h e o r e t i c a l and 
g e n e r a l models of u n i t o p e r a t i o n s , i n d u s t r i e s c o u l d take these 
models and apply them d i r e c t l y to the working c o n d i t i o n s of 
p l a n t o p e r a t i o n s . 

The success of u n i t o p e r a t i o n s can be r e l a t e d , i n the end, 
to i t s a b i l i t y to serve the v a r i o u s i n t e r e s t s of a p r o f e s s i o n a l 
community, an academic community, and a complex i n d u s t r i a l 
s e c t o r . Not s u r p r i s i n g l y , t h e r e f o r e , u n i t o p e r a t i o n s become the 
new s t r u c t u r a l model of chemical e n g i n e e r i n g i n the years 
f o l l o w i n g the f i r s t w o r l d c o n f l i c t . But t h i s success was not due 
s o l e l y to the happy convergence of a v a r i e t y of needs expressed 
by the three s o c i a l p a r t n e r s i d e n t i f i e d above. A c t u a l l y , AIChE 
i n s u r e d the v i c t o r y of u n i t o p e r a t i o n s over other schemes by 
waging a vigorous campaign to impose i t on u n i v e r s i t i e s . The 
word "impose" i s not too s t r o n g i f the t a c t i c s used by AIChE are 
examined w i t h some c a r e . These t a c t i c s were new among eng­
i n e e r i n g , but not among o l d e r p r o f e s s i o n s such as lawyers and 
d o c t o r s . They r e s t e d on one key d e v i c e - a c c r e d i t a t i o n . 

Chemical engineers were the f i r s t among engineers to import 
a c c r e d i t a t i o n as a means to put p r e s s u r e on r e l u c t a n t u n i v e r s i t y 
departments. As e a r l y as 1921, A. D. L i t t l e , once a g a i n , 
p u b l i s h e d the r e s u l t s of a survey of chemical e n g i n e e r i n g educa­
t i o n , and he concluded t h a t r e p o r t by s t a t i n g that c u r r i c u l a 
should be q u i c k l y s t a n d a r d i z e d to put an end to the a n a r c h i c 
s i t u a t i o n r e v e a l e d by the survey. The model to be emulated, of 
c o u r s e , was h i s own as i t had been r e a l i z e d at M.I.T. ( 3 ) . 

Instruments f a v o r i n g the s t a n d a r d i z a t i o n of chemical en­
g i n e e r i n g c u r r i c u l a q u i c k l y m u l t i p l e d a f t e r 1921. F i r s t of a l l , 
a textbook based on u n i t o p e r a t i o n s was needed. P r i n c i p l e s of 
Chemical E n g i n e e r i n g w r i t t e n by W. H. Walker, W. K. Lewis, and 
W. H. McAdams appeared i n 1923. Two years l a t e r , the f i r s t l i s t 
of a c c r e d i t e d i n s t i t u t i o n s was drawn up, and i t s impact must 
have been r a t h e r great s i n c e i t s main c h a r a c t e r i s t i c was s t r i c t 
s e l e c t i v i t y . Only f o u r t e e n u n i v e r s i t i e s shared the honor of 
appearing i n the s e l e c t l i s t of AIChE. T h i s p o l i c y was not a 
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cemporary one. Ten years l a t e r , o n l y ten more u n i v e r s i t i e s had 
earned the r i g h t to s a t i s f y AIChE's s t r i n g e n t c o n d i t i o n s . Of 
course, f u r t h e r r e s e a r c h might show that many u n i v e r s i t i e s 
r e f u s e d to p l a y AIChE's game and d i s d a i n e d a p p l y i n g - a hypo­
t h e s i s p a r t i a l l y supported by the f a c t that not a s i n g l e Ivy 
League u n i v e r s i t y was a c c r e d i t e d before 1936. A c c r e d i t a t i o n 
s t a y e d , however, and a l l u n i v e r s i t i e s k n u c k l e d under ( 4 ) . 

The unusual l e n g t h of t h i s i n t r o d u c t i o n can be j u s t i f i e d by 
the f a c t t h a t i t a l l o w s r a i s i n g the q u e s t i o n which w i l l guide 
the remainder of t h i s paper. In summary, i t can be s a i d that the 
d i s c i p l i n a r y - p r o f e s s i o n a l s t r u c t u r e of chemical e n g i n e e r i n g i s 
made p o s s i b l e by the emergence and success of a new n o t i o n 
c a l l e d u n i t o p e r a t i o n s . Both the emergence and success of u n i t 
o p e r a t i o n s have been demonstrated to r e s u l t from a complex 
s e r i e s of i n t e r a c t i o n s between the i n d u s t r i a l s e c t o r , t h e -
academic system, and p r o f e s s i o n a l o r g a n i z a t i o n s . What remains to 
be seen i s the e v o l u t i o n of such a n o t i o n once i t has been 
c o n s t r u c t e d . In o t h e r words, e x a c t l y as h i s t o r i a n s of s c i e n c e 
u n r a v e l the mode of e v o l u t i o n of c e r t a i n o b j e c t s such as con­
cepts or t h e o r i e s , h i s t o r i a n s of technology may w e l l have at 
t h e i r d i s p o s a l k i n d s of o b j e c t s which, although somewhat d i f ­
f e r e n t from s c i e n t i f i c concepts and t h e o r i e s , may n e v e r t h e l e s s 
p l a y an analogous r o l e . The n o t i o n of u n i t o p e r a t i o n lends i t ­
s e l f to t h i s e x p l o r a t i o n , and i t s e x t e n s i o n to the n o t i o n of 
u n i t processes o f f e r s a f a v o r a b l e t e r r a i n to s t a r t e x p l o r i n g the 
h i s t o r i c a l c h a r a c t e r i s t i c s of t e c h n i c a l n o t i o n s - n o t i o n being 
used here i n c o n t r a d i s t i n c t i o n w i t h concept and theory on the 
one hand, and model on the o t h e r ( 5 , 6 ) . 

I I - U n i t P r o c e s s e s : Chronology and D e f i n i t i o n 

Although the phrase " u n i t p r o c e s s e s " has disappeared from 
the memory of many chemical e n g i n e e r s , i t i s not very d i f f i c u l t 
to r e t r a c e the main events d o t t i n g i t s u n c e r t a i n c a r e e r as R. N. 
Shreve (7_) has recounted i t s e v e r a l times. The term i t s e l f was 
c o i n e d as e a r l y as 1928 by P. H. Groggins, and o n l y two years 
l a t e r Shreve h i m s e l f was t e a c h i n g courses o r g a n i z e d around u n i t 
p r o c e s s e s . The f u l l i n s t i t u t i o n a l i z a t i o n of u n i t processes took 
p l a c e between 1935 and 1937. I t i s marked by one important event 
i n each of these y e a r s . In 1935, P. H. Groggins wrote the 
standard survey of the f i e l d c o r r e s p o n d i n g to t h i s new n o t i o n : 
U n i t Processes i n Organic S y n t h e s i s ( 8 , 9 ) . The f o l l o w i n g y e a r, 
AIChE m o d i f i e d i t s d e f i n i t i o n of chemical e n g i n e e r i n g to i n c l u d e 
u n i t processes next to the u n i t o p e r a t i o n s which, by then, had 
reached a q u a s i - c a n o n i c a l s t a t u s i n the d i s c i p l i n e ( 1 0 ) . Then, 
i n 1937, " u n i t processes symposia" were inaugurated under the 
p r e s i d e n c y of Shreve h i m s e l f and went on u n t i l the e a r l y 1950s, 
on a y e a r l y b a s i s . 

The best d e f i n i t i o n of u n i t processes was p r o v i d e d by R. N. 
Shreve i n 1940. By then the n o t i o n had been t e s t e d and c r i t i ­
c i z e d i n the f i e l d and, c o n s e q u e n t l y , had reached something l i k e 
a s t a t e of m a t u r i t y . 
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By 'unit p r ocesses' we mean the c o m m e r c i a l i z a ­
t i o n of a chemical r e a c t i o n under such 
c o n d i t i o n s as to be ec o n o m i c a l l y p r o f i t a b l e . 
T h is n a t u r a l l y i n c l u d e s the machinery needed 
and the economics i n v o l v e d as w e l l as the 
p h y s i c a l and chemical phases. But here we lay 
s t r e s s upon the chemical changes and upon the 
equipment and c o n d i t i o n s necessary to a f f e c t 
these changes e c o n o m i c a l l y i n d i s t i n c t i o n from 
the u n i t o p e r a t i o n s i n v o l v i n g s p e c i f i c a l l y the 
p h y s i c a l changes ( 1 1 ) . 

Unit p r o c e s s e s , as i s c l e a r from the d e f i n i t i o n above, de a l s 
w i t h the s p e c i f i c a l l y chemica1 aspects of chemical e n g i n e e r i n g 
and leaves the p h y s i c a l and mechanical t r a n s f o r m a t i o n s of 
substances to u n i t o p e r a t i o n s . But t h i s very d i s t i n c t i o n between 
the chemical and p h y s i c a l dimensions of chemical e n g i n e e r i n g 
b r i n g s some qu e s t i o n s to mind. For one t h i n g , i t may sound 
p a r a d o x i c a l to s t a t e that before u n i t p r o c e s s e s , chemical 
e n g i n e e r i n g had l i t t l e i f a n y t h i n g to do w i t h chemical r e a c ­
t i o n s . I f t h i s i s t r u e , what were the f a c t o r s which l e d chemical 
engineers to focus a t t e n t i o n on s p e c i f i c a l l y chemical problems? 
F i n a l l y , a more profound q u e s t i o n cannot be avoided: i s the 
d i s t i n c t i o n between the chemical and p h y s i c a l aspects of 
chemical e n g i n e e r i n g a necessary consequence of the nature of 
t h i s p a r t i c u l a r t e c h n i c a l d i s c i p l i n e , or i s i t the r e s u l t of 
some temporary aspects of i t s g e n e r a l e v o l u t i o n ? 

I I I . The P h y s i c a l and Chemical Dimensions of Chemical E n g i ­
n e e r i n g 

With u n i t processes the emphasis was pla c e d on chemical 
r e a c t i o n s . As a r e s u l t , u n i t processes both d i f f e r e d from u n i t 
o p e r a t i o n s and complemented them. But does t h i s mean that chem­
i c a l e n g i n e e r i n g ignored chemical r e a c t i o n s before the advent of 
u n i t processes? Two c o n t r a d i c t o r y answers to t h i s q u e s t i o n were 
g i v e n . The f i r s t answer i s n e g a t i v e and t r i e s to show that the 
chemical dimension had always been p a r t of chemical e n g i n e e r i n g . 
In 1951, f o r example, T. H. C h i l t o n was arguing that A. D. 
L i t t l e had not o r i g i n a l l y c o i n e d the phrase " u n i t o p e r a t i o n s " ; 
but the phrase " u n i t a c t i o n " and that t h i s l a t t e r e x p r e s s i o n was 
meant to i n c l u d e both p h y s i c a l and chemical processes ( 12). 
C h i l t o n may have been r i g h t , but A. D. L i t t l e ' s f o r m u l a t i o n may 
a l s o r e f l e c t a c e r t a i n i n d i f f e r e n c e to the d i s t i n c t i o n between 
p h y s i c a l and chemical processes r a t h e r than a e x p l i c i t w i l l to 
in c l u d e chemical processes. T h i s i n d i f f e r e n c e would account 
n i c e l y f o r the v a r i o u s synonyms being used i n the e a r l y 1920s. 
C h i l t o n mentions " u n i t a c t i o n s " , but others were used as w e l l , 
i n c l u d i n g " u n i t p r o c e s s e s . " For example, when Chemical and 
M e t a l l u r g i c a l E n g i n e e r i n g devoted a whole i s s u e to u n i t opera­
t i o n s i n 1923, i t c a l l e d them " u n i t p r o c e s s e s " (13). 
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The second answer to our q u e s t i o n i s more i n t e r e s t i n g . 
Chemical e n g i n e e r i n g not on l y had ignored chemical r e a c t i o n s , 
i t should ignore them. T h i s p o s i t i o n was defended by M a r t i n W. 
I t t n e r i n r e a c t i o n to a p r e s e n t a t i o n of u n i t processes by D. B. 
Keyes i n 1936. I t was done i n such c l e a r terms th a t i t deserves 
being quoted i n f u l l , as a k i n d of benchmark i n t h i s regard. 

In t h i s matter of d i f f e r e n t i a t i n g between 
p h y s i c a l and chemical o p e r a t i o n s , I wonder i f 
any of you have thought of i t i n a way that I 
have thought of i t : we do not, any of us, 
ca r r y on any chemical o p e r a t i o n s . That i s 
something that i s beyond our c o n t r o l . A l l we 
can do i s to c a r r y on p h y s i c a l o p e r a t i o n s . We 
make a study of p h y s i c a l m a t e r i a l s and we 
br i n g c e r t a i n m a t e r i a l s t o g e t h e r i n p h y s i c a l 
o p e r a t i o n s , and i f we get them under c e r t a i n 
c o n d i t i o n s , a chemical r e a c t i o n takes p l a c e . 
But we have no c o n t r o l over t h a t at a l l . A l l 
we do i s the p h y s i c a l o p e r a t i o n , b r i n g i n g 
together under ot h e r c o n d i t i o n s , another 
chemical r e a c t i o n takes p l a c e and the Lord 
h i m s e l f c a r r i e s on the chemical r e a c t i o n . 
A f t e r the r e a c t i o n has taken p l a c e we make a 
p h y s i c a l study of what has happened and, there 
a g a i n , we c a r r y on p h y s i c a l o p e r a t i o n s ( 1 4 ) . 

I t t n e r ' s a n a l y s i s d i s p l a y s the f a m i l i a r c o n t r a s t between c o n t r o l 
and knowledge which o f t e n demarcated the engineer's work from 
that of the s c i e n t i s t . But, more s p e c i f i c a l l y , i t a l s o denies 
any r o l e to u n i t processes d e f i n e d as chemical processes. For 
I t t n e r , the u n i t p r o c e s s , once i t i s examined c l o s e l y , can be 
re s o l v e d i n t o two component p a r t s , one p h y s i c a l and the other 
c h e m i c a l . The former corresponds to the engineer's domain w h i l e 
the l a t t e r i s under the c o n t r o l of nature's laws o r , as I t t n e r 
says, the Lord. To be sure, the chemical engineer c o u l d not act 
i f chemical laws d i d not e x i s t , but i n s o f a r as h i s goal i s 
c o n t r o l and not knowledge, he must be content w i t h b r i n g i n g 
substances together and then l e t nature run i t s course. 

With regard to the chemical domain, the a t t i t u d e s of 
chemical engineers were not as unambiguously f a v o r a b l e as might 
be expected at f i r s t ( 1^). T h i s i s not to say that i n d i f f e r e n c e 
or even h o s t i l i t y to che m i s t r y were dominant f e a t u r e s of 
chemical e n g i n e e r i n g , but the e x i s t e n c e of these c u r r e n t s of 
thought i s enough to show that the e x t e n s i o n of u n i t o p e r a t i o n s 
i n t o the realm of chemical r e a c t i o n s i s not a step that can 
simply be expected. At any r a t e , i t c e r t a i n l y does not 
n e c e s s a r i l y stem from the essence of u n i t o p e r a t i o n s , so to 
speak. 
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IV. Responding to New I n d u s t r i a l Demands 

In t r y i n g to understand why some chemical engineers sought 
to complete the n o t i o n of u n i t o p e r a t i o n by a new n o t i o n p a t ­
terned a f t e r t h i s f i r s t one, but d e a l i n g s p e c i f i c a l l y w i t h chem­
i c a l r e a c t i o n s , i t i s u s e f u l to tu r n to the wider i n d u s t r i a l 
c o ntext i n which these events were t a k i n g p l a c e . The p i c t u r e of 
American chemical i n d u s t r i e s around and a f t e r the f i r s t w o r l d 
war i s extremely complex, but on l y some aspects of i t are 
re l e v a n t f o r the case at hand. Consequently, i t w i l l be e a s i e r 
to examine how the promoters of u n i t processes p e r c e i v e d t h i s 
new i n d u s t r i a l c o n t e x t . Three of them were p a r t i c u l a r l y impor­
tant i n t h i s r egard. They are R. N. Shreve, P. H. Groggins, and 
J. B. Key 

As e a r l y as October 1918, R. N. Shreve had o r g a n i z e d (1_6) a 
symposium on s y n t h e t i c dyes (1_Z.) w i t h one go a l i n mind: he 
wanted to promote the c r e a t i o n of a new d i v i s i o n w i t h i n the 
American Chemical S o c i e t y so as to co o r d i n a t e t e c h n i c a l and 
economic debates about a f i e l d which had amply demonstrated i t s 
c r u c i a l importance i n the c o n f l i c t then about to end ( 18). 
Shreve was a c u t e l y aware of the p e r i l s ahead f o r t h i s young 
i n d u s t r i a l s e c t o r , e s p e c i a l l y s i n c e peace would s i g n a l renewed 
and exacerbated c o m p e t i t i o n among the great i n d u s t r i a l n a t i o n s 
of the w o r l d . The American dye i n d u s t r y needed some p r o t e c t i o n 
to face i t s o l d e r , more exp e r i e n c e d r i v a l s from Europe. In 
p r a c t i c e t h i s meant high t a r i f f b a r r i e r s f o r a w h i l e and the 
promotion of i n d u s t r i a l r e s e a r c h . I t must be r e c a l l e d t h a t the 
American dye i n d u s t r y was e x c e e d i n g l y s m a l l before 1914. About 
300 or 400 d i f f e r e n t dyes were imported each year, and about 120 
dyes were s y n t h e s i z e d from imported i n t e r m e d i a t e compounds, most 
of which cam from Germany. To put i t another way, i n 1914, the 
American dye i n d u s t r y s a t i s f i e d o n l y 10% of the l o c a l needs and 
was e n t i r e l y dependent on f o r e i g n s u p p l i e r s f o r i n t e r m e d i a t e 
products ( 1 9 ) . 

When the f i r s t w o r l d war s t a r t e d , no one thought th a t i t 
would l a s t f o u r y e a r s . As a r e s u l t , the American dye i n d u s t r y 
s t a r t e d r e a c t i n g to the new contex t by l i v i n g o f f i t s s t o c k s 
and by i m p r o v i s i n g . As f o r i m p o r t s , they r a p i d l y f e l l to n o t h i n g 
because of the naval blockade of German harbors. Such a s t a t e 
of unpreparedness c o u l d l e a d to only one r e s u l t . By January 
1915, the U n i t e d S t a t e s was l i m i t e d to s i x t e e n s y n t h e t i c dyes, 
w i t h r e g r e t t a b l e e s t h e t i c consequences and, more i m p o r t a n t l y , 
r e g r e t t a b l e consequences f o r those s e c t o r s of the t e x t i l e 
i n d u s t r y s e n s i t i v e to f a s t changing demands of f a s h i o n (20). 

At that p o i n t the Un i t e d S t a t e s s t a r t e d to b u i l d an 
indigenous dye i n d u s t r y which, by the end of the war, c o u l d 
roughly produce an y t h i n g t h a t competing n a t i o n s c o u l d produce. 
T h i s i n d u s t r y had grown i n something l i k e a hot house atmosphere 
because i t had had no r i v a l s f o r three y e a r s . As a r e s u l t , the 
i n d u s t r y was not yet c o m p e t i t i v e when peace came at l a s t and 
took about a decade to become so. T h i s q u a l i f i e r should not 
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demean the achievement of the American chemical i n d u s t r y between 
1915 and 1918. I t responded e x c e e d i n g l y w e l l to the sudden and 
b r u t a l demands of the war con t e x t and, w i t h i n three y e a r s , 
d e l i v e r e d a whole v a r i e t y of goods t h a t i t had been i n c a p a b l e of 
producing b e f o r e . But t h i s g i g a n t i c e f f o r t brought s e v e r a l 
consequences i n c l u d i n g a complete t e c h n i c a l m u t ation. The 
American cherr'.cal i n d u s t r y used to be a heavy chemical i n d u s t r y 
based on the p r o d u c t i o n of r e l a t i v e l y few m i n e r a l compounds at 
the lowest p o s s i b l e c o s t . In the narrow compass of three y e a r s , 
the i n d u s t r y had added a c a p a c i t y to produce many complex 
o r g a n i c substances. To do so, however, i t had to l e a r n how to 
produce i n e n t i r e l y new ways, and to design and to use e n t i r e l y 
new types of r e a c t o r s . The ta s k s of the engineer had a l s o been 
p r o f o u n d l y m o d i f i e d by these new demands (20,21,22). 

American chemical engineers were not very w e l l equipped to 
address such sudden problems i n t h e i r i n d u s t r y . A. D. 
L i t t l e ' s f o r m u l a t i o n of u n i t o p e r a t i o n s , which appeared i n 1915, 
co u l d have but a l i m i t e d impact on the growing o r g a n i c i n d u s t r y 
because, i n p r a c t i c e at l e a s t , i t l a r g e l y ignored p u r e l y 
chemical problems (2^3). In r e t r o s p e c t , t h i s n o t i o n of u n i t 
o p e r a t i o n appears as one which responded extremely w e l l to the 
i n d u s t r i a l demands of a r a p i d l y d i s a p p e a r i n g past - namely those 
of a heavy chemical i n d u s t r y based on m i n e r a l s and petroleum 
r e f i n i n g . 

While R. N. Shreve seems to have been p a r t i c u l a r l y 
s e n s i t i v e to the e x p l o s i v e growth of the dye i n d u s t r y , P. H. 
Groggins' i n t e r e s t s were l i m i t e d to other f a c e t s of the new 
or g a n i c i n d u s t r y . He had f i r s t made a name f o r h i m s e l f i n 1923 
by p u b l i s h i n g a t r e a t i s e on a n i l i n and i t s d e r i v a t i v e s (24) 
which, as a matter of f a c t , was reviewed r a t h e r f a v o r a b l y by 
Shreve (2j>). Shreve enjoyed the way i n which Groggins had 
d i s p l a y e d the p r a c t i c e of ch e m i s t r y w i t h i n i n d u s t r y , and he a l s o 
l i k e d the manner i n which fundamental p r i n c i p l e s of chemical 
e n g i n e e r i n g had been covered (2j)). However, these fundamental 
p r i n c i p l e s were not what c o u l d be expected - namely L i t t l e ' s 
u n i t o p e r a t i o n s - r a t h e r they corresponded to c l a s s e s of o r g a n i c 
r e a c t ions such as s u l f o n a t i o n , c o n d e n s a t i o n , o x i d a t i o n , and so 
on. L a t e r , these c l a s s e s of o r g a n i c r e a c t i o n s would p r o v i d e the 
b a s i s f o r u n i t processes. 

In r e t r o s p e c t , i t i s not too d i f f i c u l t to understand what 
Groggins had done. Being one of the very f i r s t to w r i t e a 
t r e a t i s e on or g a n i c technology, he had s t r u c t u r e d h i s book ac­
c o r d i n g to the v a r i o u s k i n d s of r e a c t i o n s that c o u l d be r e l e v a n t 
f o r the i n d u s t r i a l h a n d l i n g of a n i l i n and i t s d e r i v a t i v e s . In 
doing so, he had transposed the o r g a n i z a t i o n of textbooks i n 
or g a n i c c h e m i s t r y . Because he was w r i t i n g f o r a t e c h n i c a l 
audience, he had u n w i t t i n g l y focused the a t t e n t i o n of chemical 
engineers on chemical r e a c t i o n s and, as a r e s u l t , he had made a 
c r u c i a l step toward the e l a b o r a t i o n of u n i t processes. By 
und e r s c o r i n g t h i s aspect of Groggins' work, Shreve's review a l s o 
c o n t r i b u t e d to the e v o l u t i o n a r y process l e a d i n g to t h i s new 
n o t i o n . 
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The term " u n i t p r o c e s s " appeared f o r the f i r s t time i n an 
a r t i c l e on n i t r a t i o n penned by Groggins i n 1928 (26). R e t r a c i n g 
the p r e c i s e i n d u s t r i a l c o n t e x t t h a t l e d Groggins to t h i s 
p a r t i c u l a r a r t i c l e i s q u i t e i n t e r e s t i n g . Good i n s i g h t s are 
pro v i d e d i n t o the new American chemical i n d u s t r y and the need to 
reco n v e r t p r o d u c t i v e c a p a c i t y a f t e r the war. The nascent dye 
i n d u s t r y was not the onl y f a c t o r a f f e c t i n g the t h e o r e t i c a l 
e v o l u t i o n of chemical e n g i n n e r i n g . 

Groggins' 1928 a r t i c l e i s a c t u a l l y a sequel to another 
which was p u b l i s h e d two months e a r l i e r and which was t i t l e d 
"Resins from C h l o r i n a t e d Cymene" (27^). The key word i n t h i s 
t i t l e i s " r e s i n s " . To understand the r o l e of r e s i n s , i t i s 
necessary to step back a l i t t l e and look at wider p o r t i o n of the 
i n d u s t r y . 

During the war, v o r a c i o u s needs f o r smokeless powder had 
c o n s i d e r a b l y boosted the p r o d u c t i o n of p y r o x y l i n s , so t h a t , 
a f t e r the war, attempts were made to d i v e r t the use of pyroxy­
l i n s away from war m a t e r i a l s toward p e a c e f u l a p p l i c a t i o n s . 
C e l l u l o i d , a r t i f i c i a l s i l k , and l a c q u e r s a l l b e n e f i t t e d from the 
advent of peace. Lacquers, i n p a r t i c u l a r , s t a r t e d e l i c i t i n g 
c o n s i d e r a b l e i n t e r e s t when i t was r e a l i z e d t h a t the then f a s t -
growing automobile i n d u s t r y c o u l d c o n s i d e r a b l y reduce the time 
needed to coat the body of a car w i t h a permanent f i n i s h . 
Lacquers were s h i n i e r and l a s t e d l onger than t r a d i t i o n a l p a i n t s 
and, moreover, they c o u l d be a p p l i e d w i t h i n 48 hours i n s t e a d of 
the two weeks r e q u i r e d by the o l d e r c o a t i n g s (28). But, as i n 
the dye i n d u s t r y , the l a c q u e r i n d u s t r y r e q u i r e d a broad set of 
a s s o c i a t e d o r g a n i c compounds that were, as the years went by, 
sy n t h e s i z e d i n the U n i t e d S t a t e s r a t h e r than imported from 
elsewhere. For example, camphor was used as a p l a s t i c i z e r of 
lacqu e r s and u n t i l the 1920s was imported from Japan. The 
n a t u r a l product, however, was p r o g r e s s i v e l y r e p l a c e d by i t s 
s y n t h e t i c e q u i v a l e n t . Other compounds w i t h s i m i l a r or even 
b e t t e r p r o p e r t i e s than those of n a t u r a l compounds were sought 
( 2 8 ) . The same was true of r e s i n s imported from t r o p i c a l a reas. 
Groggins' i n v e s t i g a t i o n s aimed at r e p l a c i n g these r e s i n s w i t h 
domestic s y n t h e t i c p r o d u c t s . 

As a good o r g a n i c chemist, Groggins p a i d a t t e n t i o n to the 
taxonomy of chemical r e a c t i o n s . As a good engineer, he d i d not 
n e g l e c t the equipment needed to c a r r y out the favored r e a c t i o n s 
and i n p a r t i c u l a r the design of r e a c t o r s . Both of these 
dimensions were very much present i n h i s 1928 a r t i c l e on n i t r a ­
t i o n , as they were a l s o present i n an a r t i c l e on a d i f f e r e n t 
u n i t process that appeared the f o l l o w i n g year: amination through 
ammonolysis ( 2 9 ) . As a r e s u l t , the n o t i o n of u n i t process gained 
c l a r i f i c a t i o n and the cor r e s p o n d i n g e n g i n e e r i n g p r a c t i c e was 
a l s o b e t t e r d e f i n e d . Confronted w i t h u n i t p r o c e s s e s , the 
chemical engineer had to c o n t r o l the chemical parameters of the 
r e a c t i o n he sought to b r i n g about (temperature, c o n c e n t r a t i o n of 
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reagents, e t c . ) as w e l l as the p h y s i c a l c h a r a c t e r i s t i c s of the 
r e a c t i n g m i l i e u ( a g i t a t i o n , f o r example). The aim was to achieve 
the best p o s s i b l e y i e l d from the chemical t r a n s f o r m a t i o n . T h i s 
of course p o i n t s to the e s s e n t i a l d i f f e r e n c e between i n o r g a n i c 
and o r g a n i c chemical i n d u s t r i e s . In the former, r e a c t i o n s , as a 
r u l e , e i t h e r proceed c o m p l e t e l y or not at a l l . In the l a t t e r , 
slow r e a c t i o n s balanced by r e v e r s e r e a c t i o n s lead to complex 
q u e s t i o n s of e q u i l i b r i a and i n c o m p l e t i o n of chemical p r o c e s s e s . 
I n o r g a n i c c h e m i s t r y does not n e c e s s a r i l y a v o i d these k i n d s of 
d i f f i c u l t i e s , but i n o r g a n i c i n d u s t r i e s g e n e r a l l y i n c o r p o r a t e the 
si m p l e s t of a l l i n o r g a n i c r e a c t i o n s . By c o n t r a s t , o r g a n i c 
c h e m i s t r y n e a r l y always i n v o l v e s complex e q u i l i b r i a and 
mi x t u r e s . As soon as the i n d u s t r i a l p r o d u c t i o n of o r g a n i c 
compounds was attempted, very d i f f i c u l t problems of y i e l d , 
s e p a r a t i o n , and p u r i f i c a t i o n had to be r e s o l v e d . 

Going back to Groggins, h i s r e s e a r c h between 1929 and 1933 
d i s p l a y s a growing sense of what h i s t a r g e t ought to be. In the 
l a t t e r year, he p u b l i s h e d what amounts to e x t r a c t s of h i s f u t u r e 
book on u n i t processes i n a s e r i e s of a r t i c l e s d e a l i n g , once 
a g a i n , w i t h amination through ammonolysis (30,31^,32^,33,3^) Th i s 
s e r i e s of a r t i c l e s i s a thorough study of one process - ami-
n a t i o n through ammonolysis - from b e g i n n i n g to end, i n c l u d i n g 
the design of the r e a c t i o n and economic c o n s i d e r a t i o n s t i e d to 
the recovery r a t e of ammonia once the amination process i s 
achiev e d . The f o l l o w i n g y e a r, Groggins' t r e a t i s e , U n i t Processes 
i n Organic S y n t h e s i s , appeared ( 3 5 ) . 

With D. B. Keyes, we reach the t h i r d and l a s t important 
c h a r a c t e r on t h i s p a r t i c u l a r stage. His pa r t i s c r u c i a l but 
complex because, w i t h g r e a t e r c l a r i t y than Shreve or Groggins, 
he p e r c e i v e d the i n t i m a t e l i n k between u n i t processes and 
p h y s i c a l c h e m i s t r y . He underscored the importance of chemical 
e q u i l i b r i a f o r the underst a n d i n g and c o n t r o l of i n d u s t r i a l 
o r g a n i c r e a c t i o n s (36. ). Keyes' r o l e goes beyond the p u r e l y 
t h e o r e t i c a l aspects of the new n o t i o n . I t would not be 
exaggerated to s t a t e t h a t between 1932 and 1939 he propagandized 
on b e h a l f of u n i t p r o c e s s e s . In 1932, he or g a n i z e d a symposium 
on the desi g n , c o n s t r u c t i o n , and o p e r a t i o n of chemical r e a c t o r s 
(37) . Then he p u b l i s h e d a s e r i e s of a r t i c l e s on t h i s t o p i c . I t 
was i n the course of the 1932 symposium that he launched a 
campaign i n f a v o r of u n i t p r o c e s s e s . 

Chemical e n g i n e e r i n g comprises not only the 
u n i t o p e r a t i o n s but a l s o the chemical u n i t 
processes fundamental i n chemical i n d u s t r y . 
Unit o p e r a t i o n s are almost e n t i r e l y p h y s i c a l 
i n nature - f o r example, d i s t i l l a t i o n , f i l t r a ­
t i o n , g r i n d i n g , c r y s t a l l i z a t i o n , e t c . Chemical 
u n i t processes on the other hand, are the 
common s t a n d a r d i z e d processes used i n the 
chemical i n d u s t r y - f o r example, o x i d a t i o n , 
r e d u c t i o n , h a l o g e n a t i o n , h y d r a t i o n , n i t r a t i o n , 
e s t e r i f i c a t i o n , e t c . 
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Much has been w r i t t e n i n recent years about 
u n i t o p e r a t i o n s , but very l i t t l e about u n i t 
p r o c e s s e s . . . . I t i s strange t h a t t h i s p a r t i c ­
u l a r s u b j e c t which means so much to every 
chemical engineer should have r e c e i v e d 
s c a r c e l y any c o n s i d e r a t i o n i n our modern 
chemical l i t e r a t u r e ( 3 8 ) . 

In h i s other a r t i c l e s , Keyes p r o v i d e s h i s readers w i t h a 
p i c t u r e of the U.S. chemical i n d u s t r y which agrees very w e l l 
w i t h the i n d u s t r i a l c ontext deduced from Groggins' l i n e of i n ­
v e s t i g a t i o n . The enormous s u r p l u s of n i t r o c e l l u l o s e , e t h y l and 
b u t y l a l c o h o l , and a c e t i c a c i d had to be used and the best way 
to dispose of them was to make them r e a c t w i t h one another i n 
some u s e f u l manner. The e s t e r i f i c a t i o n of the a l c o h o l s l e d t o 
so l v e n t s which c o u l d be a s s o c i a t e d w i t h n i t r o c e l l u l o s e to d e r i v e 
new k i n d s of la c q u e r s - an area which s t a r t e d growing c o n s i d ­
e r a b l y when i t was l i n k e d to the needs of a f a s t growing 
automobile i n d u s t r y (39, 40). The o b s t a c l e b l o c k i n g t h i s obvious 
c o n v e r s i o n of a war i n d u s t r y to p e a c e f u l a c t i v i t i e s l a y w i t h the 
i n d u s t r i a l mastery of e s t e r i f i c a t i o n p r o c e s s e s . As a r e s u l t , 
t h i s c l a s s of o r g a n i c r e a c t i o n s became the f o c a l p o i n t of much 
e n g i n e e r i n g a t t e n t i o n a f t e r the war. Keyes drew up a long l i s t 
of p a t e n t s r e l a t e d to t h i s p a r t i c u l a r problem, many of which 
dated back to the e a r l y 1920s. He a l s o had p u b l i s h e d on la c q u e r s 
i n 1925 (41,42). 

A few l a s t d e t a i l s may be g i v e n about Keyes, which should 
f u r t h e r demonstrate the c r u c i a l importance of the e v o l u t i o n of 
org a n i c i n d u s t r i e s immediately a f t e r the f i r s t w o r l d war. A f t e r 
s t u d y i n g under G. N. Lewis, Keys focused not o n l y on l a c q u e r s , 
as we have seen, but a l s o on s y n t h e t i c dyes. L a t e r on, he moved 
toward petroleum c h e m i s t r y and s p e c i a l i z e d i n problems of mo­
l e c u l a r c r a c k i n g because he a l s o had a good de a l of experi e n c e 
i n d i s t i l l a t i o n processes w h i l e he worked f o r the U.S. Indus­
t r i a l A l c o h o l Company of New York i n the e a r l y 1920s ( 4 3 ) . 

In c o n c l u s i o n , a r a p i d examination of the circumstances 
l e a d i n g to the appearance of the phrase " u n i t p r o c e s s e s " c l e a r l y 
shows that the phrase was designed i n response to the b r u t a l 
growth of or g a n i c i n d u s t r i e s d u r i n g the war and the need to 
recov e r toward p e a c e f u l a c t i v i t i e s i n the decade f o l l o w i n g the 
war. T h i s overwhelming i n d u s t r i a l demand f o r ways to s o l v e 
innumerable problems l e d , among o t h e r consequences, to the 
i n v e n t i o n of a new n o t i o n , although a number of chemical 
engineers f e l t that the chemical domain d i d not concern them. 

. V. The Career of U n i t Processes 

The r e l a t i o n s h i p between u n i t o p e r a t i o n s and u n i t p r o c e s ­
ses can be simply s t a t e d , at l e a s t i n terms of o b j e c t i v e s . The 
c o i n i n g of a phrase such as u n i t p r o c e s s , c l e a r l y demonstrates 
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the d e s i r e to c r e a t e a n o t i o n both p a r a l l e l and complementary to 
u n i t o p e r a t i o n s . I t i s on the b a s i s of these two c r i t e r i a t h a t 
we can judge whether the promoters of u n i t processes were able 
to secure a safe niche f o r t h e i r new n o t i o n . 

In an important a r t i c l e p u b l i s h e d i n 1934, Theodore R. 
O l i v e o f f e r e d a taxonomy of u n i t o p e r a t i o n s t h a t sought to be as 
sy s t e m a t i c as the n o t i o n would a l l o w ( 4 4 ) . He e x p l i c i t l y 
excluded the thorny problem of u n i t processes but c a l l e d on 
someone e l s e to so l v e t h i s q u e s t i o n ( 4 4 ) . In response to t h i s 
c a l l (which c o u l d a l s o be read as a c h a l l e n g e ) , Shreve drew up a 
taxonomy of u n i t processes i n 1937 (4 5 ) . A comparison between 
these two c l a s s i f i c a t i o n s q u i c k l y r e v e a l s the d i f f e r e n c e t h a t 
separates the a p p a r e n t l y analogous n o t i o n s . 

O l i v e submitted u n i t o p e r a t i o n s to an a n a l y s i s he 
c o n s i d e r e d to be l o g i c a l . T h i s a n a l y s i s l e d him to draw e i g h t 
l a r g e c l a s s e s c o v e r i n g a l l u n i t o p e r a t i o n s . 

These e i g h t c a t e g o r i e s are : 

1. Handling of s o l i d s 
2. Handling of f l u i d s 
3. D i s i n t e g r a t i o n 
4. Heat t r a n s f e r 
5. M i x t u r e s 
6. S e p a r a t i o n 
7. C o n t r o l 
8. V a r i o u s p h y s i c a l o p e r a t i o n s which defy any r a t i o n a l attempt 

at c l a s s i f y i n g them! 

Despite the f a c t t h a t t h i s taxonomy ends w i t h a ca t e g o r y 
worthy of Borges 1 whimsy ( 4 6 ) , i t i s not d i f f i c u l t to see how 
O l i v e proceeded. M e n t a l l y he f o l l o w e d a complete p r o d u c t i v e 
p r o c e s s : substances are p h y s i c a l l y brought together ( t r a n s p o r t 
and s i z e of p a r t i c l e ) ; heat i s a p p l i e d or removed; a chemical 
r e a c t i o n presumably proceeds; and t h i s r e a c t i o n y i e l d s a mixt u r e 
which must be separated. C o n t r o l i s needed to keep the process 
g o i n g . Consequently, O l i v e ' s repeated c l a i m s of a c h i e v i n g a 
l o g i c a l c l a s s i f i c a t i o n amount to l i t t l e more than a s y s t e m a t i c 
d e s c r i p t i o n of the v a r i o u s phases of a p r o d u c t i v e p r o c e s s . Even 
the s y s t e m a t i c s i d e of the taxonomy must be questioned because 
the e i g h t h c a t e g o r y i s designed as a c a t c h - a l l bag. O l i v e seems 
n e v e r t h e l e s s convinced t h a t h i s work, although incomplete and 
i m p e r f e c t , can form a v a l i d stage on the way to a com p l e t e l y 
r a t i o n a l c l a s s i f i c a t i o n of u n i t o p e r a t i o n s . 

Shreve's c l a s s i f i c a t i o n of u n i t processes i s very d i f f e r e n t 
and a c t u a l l y very b r i e f : seven broad types of r e a c t i o n s s u f f i c e 
to cover the whole set of u n i t p r o c e s s e s . He then devotes the 
overwhelming p a r t of h i s c l a s s i f i c a t i o n to the s e r i e s of 
v a r i a b l e s needed to undertake the s y s t e m a t i c study of a g i v e n 
u n i t p rocess. In other words, Shreve seems to be t r e a t i n g a 
taxonomy as i f i t were a k i n d of c h e c k l i s t needed to operate a 
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complex d e v i c e . A c t u a l l y , the c h e c k l i s t does not aim at 
op e r a t i n g a n y t h i n g ; i t i s supposed to pl a y an important 
pedagogic r o l e by a l l o w i n g a student to analyze any u n i t 
process i n a comp l e t e l y s y s t e m a t i c f a s h i o n (47) - a te a c h i n g 
f u n c t i o n completely absent from O l i v e ' s c l a s s i f i c a t i o n . As a 
r e s u l t , Shreve's response to O l i v e ' s c h a l l e n g e appears to miss 
the mark, but i s o f f e r e d as i f i t were a genuine taxonomy 
anologous to O l i v e ' s . T h i s i s p u z z l i n g and needs some c l a r i f i c a ­
t i o n . To do so, however, we must b a c k t r a c k a l i t t l e . 

E a r l i e r i n t h i s t e x t , we noted that u n i t processes were met 
by a number of a t t i t u d e s r a n g i n g from i n d i f f e r e n c e to chemical 
problems to the sentiment that chemical laws were beyond the 
engineer's c o n t r o l . But as e a r l y as 1933 D. B. Keyes had found 
an i n t e r e s t i n g answer to these c r i t i c i s m s . As i f he had a l r e a d y 
heard the c r i t i q u e which I t t n e r was to v o i c e three years l a t e r , 
Keyes s a i d : 

Of course, i t can be argued that these 
s o - c a l l e d u n i t processes may be s p l i t i n t o the 
p h y s i c a l u n i t o p e r a t i o n w i t h m o d i f i c a t i o n s 
made necessary by chemical r e a c t i o n s . I t 
should be remembered, however, that a l l of the 
p h y s i c a l u n i t o p e r a t i o n s can i n t u r n be s p l i t 
i n t o two s u b j e c t s : 1) m a t e r i a l f l o w , and 2) 
heat f l o w . I t i s more s a t i s f a c t o r y from a 
pedagogical s t a n d p o i n t no to reduce these 
processes and o p e r a t i o n s to t h e i r u l t i m a t e 
s u b d i v i s i o n s , p r i n c i p a l l y because the l a c k of 
data handicaps the p r e s e n t a t i o n of the s u b j e c t 
i n such a manner ( 4 8 ) . 

In other words, Keyes was cons c i o u s of the f a c t t h a t "so-
c a l l e d u n i t p r o c e s s e s " , are not as u n i t a r y as they seem to be. 
L i k e u n i t o p e r a t i o n s , these processes c o u l d a l l be reduced t o 
heat and m a t e r i a l " f l o w s " . But q u a n t i t a t i v e treatments of 
complex r e a c t i o n s were u n a t t a i n a b l e at that time, and t a l k i n g i n 
terms of u l t i m a t e heat and m a t e r i a l flows c o u l d not help 
t e a c h i n g or s o l v i n g c oncrete i n d u s t r i a l problems. As a r e s u l t , 
Keyes saw advantages i n r e t a i n i n g n o t i o n s such as u n i t opera­
t i o n s and u n i t processes even though t h e i r c l a i m s to being 
fundamental u n i t s of knowledge do not ho l d up under c l o s e 
s c r u t i n y . In e f f e c t , Keyes defended u n i t o p e r a t i o n s and u n i t 
processes on pragmatic grounds. The n o t i o n s are u l t i m a t e l y to be 
condemned and re p l a c e d by more fundamental frameworks of 
a n a l y s i s , but, meanwhile, they c o u l d p l a y a number of u s e f u l 
r o l e s . What remains to be examined are the f a c t o r s t h a t , i n a 
sense, slowed down the l o g i c a l l y unavoidable r e s o l u t i o n of u n i t 
o p e r a t i o n s and u n i t processes i n t o the more ge n e r a l and funda­
mental questions of heat and m a t e r i a l flow. 
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At the beginning of t h i s study, we r e c a l l e d the t i g h t 
c o n n e c t i o n s l i n k i n g the n o t i o n of u n i t o p e r a t i o n s w i t h u n i v e r ­
s i t y c u r r i c u l a . We a l s o r e c a l l e d t h a t the process of a c c r e d i t a ­
t i o n i n a r e a l sense succeeded i n s t a n d a r d i z i n g chemical 
e n g i n e e r i n g e d u c a t i o n by the l a t e t h i r t i e s . We a l s o noted t h a t 
the emergence of u n i t o p e r a t i o n s corresponded to o l d e r needs of 
the American chemical i n d u s t r y and that the d r a s t i c a l l y 
d i f f e r e n t commercial con t e x t brought about by the f i r s t w o r l d 
war had com p l e t e l y m o d i f i e d t h a t i n d u s t r y ' s complexion. U n i t 
processes were designed to respond to these new i n d u s t r i a l 
needs, but the p a t t e r n i n g of t h i s n o t i o n as r i g o r o u s l y p a r a l l e l 
as w e l l as complementary to u n i t o p e r a t i o n s can a l s o be 
i n t e r p r e t e d as a move to b o l s t e r the nascent chemical eng­
i n e e r i n g d i s c i p l i n e o r g i n a l l y shaped by A. D. L i t t l e and h i s 
M.I.T. c o l l e a g u e s . U n i t p r o c e s s e s , as the term seems to 
i n d i c a t e , merely t r y to extend the a l r e a d y powerful reach of 
u n i t o p e r a t i o n s to o r g a n i c i n d u s t r i e s at a time when these 
i n d u s t r i e s c o u l d no longer be i g n o r e d . 

However, a s i g n i f i c a n t d i f f e r e n c e e x i s t s between u n i t 
o p e r a t i o n s and u n i t p r o c e s s e s . The d i f f e r e n c e i s the enormous 
c o m p l e x i t y of the v a r i o u s phenomena covered by the l a t t e r of 
these two n o t i o n s . Chemical r e a c t i o n s i n an i n d u s t r i a l s e t t i n g 
are never simple and, con s e q u e n t l y , do not lend themselves 
e a s i l y to q u a n t i t a t i v e treatment. T h i s p o i n t was made r e ­
p e a t e d l y , even by promoters of u n i t p r o c e s s e s , and brought w i t h 
i t a consequence of c r u c i a l importance. Although u n i t o p e r a t i o n s 
c o u l d both serve t e a c h i n g and d e s i g n i n g f u n c t i o n s , u n i t p r o c ­
esses c o u l d r a r e l y address the l a t t e r . As a r e s u l t , u n i t 
processes were l a r g e l y c o n f i n e d to the classroom where they 
o f f e r e d a s y s t e m a t i c approach to an ot h e r w i s e b e w i l d e r i n g a r r a y 
of chemical r e a c t i o n s . Examples of t h e i r t r a n s f e r to the p l a n t 
were r a r e , even though many chemical engineers longed f o r 
q u a n t i t a t i v e models. T h i s l i m i t a t i o n e x p l a i n s why chemical 
engineers t r e a t e d u n i t processes as a k i n d of h e u r i s t i c d e v i c e 
at b e s t , and why u n i t processes remained c o n f i n e d to t e a c h i n g 
s i t u a t i o n s i n most cases. I t a l s o p a r t i a l l y accounts f o r the 
pedogogic b i a s a l r e a d y noted i n Shreve's attempt to c r e a t e a 
taxonomy of u n i t p r o c e s s e s . 

Embedded i n a f i r m l y entrenched, s t a n d a r d i z e d c u r r i c u l u m , 
both u n i t o p e r a t i o n s and, to a l e s s e r e x t e n t , u n i t p r o c e s s e s , 
were pro v i d e d w i t h a k i n d of h i s t o r i c a l r e s i l i e n c e f a r beyond 
the reach of t h e i r simple c o n c e p t u a l s t r u c t u r e s . In the case of 
u n i t p r o c e s s e s , t h e i r pedagogic f u n c t i o n p a r t l y l e g i t i m i z e d 
t h e i r c ontinued e x i s t e n c e f o r at l e a s t two or three decades. A 
s i t u a t i o n made r e l a t i v e l y s t a b l e because the t h e o r e t i c a l f r o n t 
of chemical e n g i n e e r i n g d i d not w i t n e s s any s i g n i f i c a n t 
advances. In othe r words, as long as t h e o r e t i c i a n s were unable 
to q u a n t i f y models of complex o r g a n i c r e a c t i o n s , u n i t processes 
c o u l d r e t a i n a c e r t a i n r a i s o n d'être. In e f f e c t , the conceptual 
i m p e r f e c t i o n u n i t processes had to be accepted as long as there 
was n o t h i n g b e t t e r to r e p l a c e them. Th i s does not do f u l l 
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j u s t i c e to u n i t p r o c e s s e s . A c t u a l l y , t h e i r i n t r o d u c t i o n w i t h i n 
chemical e n g i n e e r i n g c o i n c i d e d w i t h the i n c r e a s e of t h e o r e t i c a l 
and q u a n t i t a t i v e l y o r i e n t e d r e s e a r c h on chemical r e a c t i o n s . 
E q u i l i b r i a , i n d u s t r i a l s t o i c h i o m e t r y , and k i n e t i c s were the 
ob j e c t s of much s o l i c i t u d e on the p a r t of chemical e n g i n e e r s . 
U n i t processes were o f t e n viewed by chemical e n g i n e e r s , i n c l u d ­
i n g D. B. Keyes, as the poor c o u s i n of u n i t o p e r a t i o n s . Lack of 
i n t e r e s t was not the cause of t h i s a t t i t u d e , i t was the enormous 
d i f f i c u l t i e s a s s o c i a t e d w i t h the domain. The presence of u n i t 
processes i n chemical e n g i n e e r i n g was a temporary s o l u t i o n to 
problems that c o u l d a l r e a d y be s t a t e d w i t h c l a r i t y i n the 1930s, 
but c o u l d not be s o l v e d . 

Other f a c t o r s a l s o p r o v i d e d a degree of added s t a b i l i t y to 
u n i t p r o c e s s e s . In p a r t i c u l a r , the a n a l y t i c a l "taxonomy" o f f e r e d 
by Shreve i n 1937 not onl y p l a y e d an important r o l e i n the 
classroom, i t a l s o p r o v i d e d a u s e f u l guide f o r d e s i g n i n g a 
chemical r e a c t o r whenever a s e r i e s of approximations had to 
re p l a c e the equations r u l i n g a w e l l - d e f i n e d model - and t h a t was 
most of the time ( 4 9 ) . 

VI. The End of U n i t Processes 

In 1955, the f o u r t e e n t h volume of the E n c y c l o p e d i a of 
Chemical Technology appeared c o n t a i n i n g a f a i r l y s u b s t a n t i a l 
a r t i c l e on both u n i t o p e r a t i o n s and u n i t p r o c e s s e s . P r e d i c t a b l y , 
the author of t h i s e n t r y was R. N. Shreve, and the s t o r y he t o l d 
was the now f a m i l a r chronology mentioned e a r l i e r . S u b t l e s h i f t s 
i n v o c a b u l a r y , however, s i g n a l the growing i n a b i l i t y of u n i t 
processes to m a i n t a i n t h e i r u n i t a r y c h a r a c t e r i s t i c s . On the one 
hand, Shreve noted that the fundamentals of u n i t processes d e a l t 
w i t h k i n e t i c s , y i e l d s , and problems of c o n v e r s i o n , a l l of which 
r e f e r e d to the i n c r e a s i n g importance of concepts borrowed from 
p h y s i c a l c h e m i s t r y , as p r e d i c t e d by D. B. Keyes more than two 
decades e a r l i e r . On the other hand, Shreve was f o r c e d to 
acknowledge t h a t the term " u n i t p r o c e s s " covered a wider v a r i e t y 
of events than i t s p h y s i c a l c o u n t e r p a r t " u n i t o p e r a t i o n s " . H i s 
new t a b l e of u n i t processes i n c l u d e d twenty-seven c a t e g o r i e s of 
processes s t a r t i n g w i t h combustion and ending w i t h i o n i c 
exchange. But Shreve argued, "... the u n i t a r y concept, as 
a p p l i e d to p h y s i c a l and chemical changes, has been u s e f u l and 
has emphasized the fundamental systems and p r i n c i p l e s r a t h e r 
then the t e c h n i c a l d e t a i l s " ( 5 0 ) . In so ar g u i n g , Shreve 
i m p l i c i t l y r e i t e r a t e d the pedagogic value of u n i t processes 
w h i l e a d m i t t i n g t h a t the concept was of l i t t l e value to the 
engineer i n the p l a n t c o n f r o n t e d w i t h t e c h n i c a l d e t a i l s t h a t he 
must keep under c o n t r o l . 

In a sense, Shreve 1 s 1955 a r t i c l e was the swan song of u n i t 
p r o c e s s e s . As e a r l y as the f o l l o w i n g year, he wrote that the 
e x p r e s s i o n " u n i t p r o c e s s " was being r e p l a c e d by the more n e u t r a l 
term "chemical c o n v e r s i o n " (51^). That i s to say, the u n i t a r y 
dimension of u n i t processes so dear to Shreve, Groggins, and 
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Keyes had to be abandoned. The reasons f o r t h i s e v o l u t i o n w i l l 
not be examined here because they would r e q u i r e another paper to 
be t r e a t e d s a t i s f a c t o r i l y . A look at the second e d i t i o n of the 
En c y c l o p e d i a of Chemical Technology p r o v i d e s enough i n f o r m a t i o n 
to formulate one b a s i c h y p o t h e s i s . In the second e d i t i o n , no 
e n t r y appears f o r u n i t o p e r a t i o n s and u n i t p r o c e s s e s . I t i s as 
i f these two n o t i o n s had never e x i s t e d . A new e n t r y , however, 
had been added - "Transport P r o c e s s e s " - and i t takes l i t t l e 
time to see that D. B. Keyes* p r e d i c t i o n had at l a s t come t r u e . 
Transport p r o c e s s e s , or phenomena as they were d e f i n e d i n t h i s 
e n c y c l o p e d i a , d e a l t w i t h a l l the a r t i f i c a l or n a t u r a l systems 
where p h y s i c a l or chemical, t r a n s f o r m a t i o n s took p l a c e . As f a r as 
e n g i n e e r i n g i s concerned, t h i s extremely g e n e r a l n o t i o n r e f e r s 
to the a n a l y s i s and desig n of systems where moment, energy, and 
mass t r a n s f e r s occur (_52). In ot h e r words, t r a n s p o r t phenomena 
de a l w i t h a l l the q u e s t i o n s addressed by u n i t o p e r a t i o n s and 
u n i t p r o c e s s e s . In so doing they m a r s h a l l the most b a s i c 
concepts granted by p h y s i c s and p h y s i c a l c h e m i s t r y . I n t e r ­
mediate, a p p a r e n t l y u n i t a r y , n o t i o n s have but l i t t l e to add to 
t h i s new and extremely g e n e r a l f o r m u l a t i o n of chemical e n g i n e e r ­
ing problems. 

V I I . C o n c l u s i o n 

In the h i s t o r y of s c i e n c e , as i n the h i s t o r y of technology, 
incomplete successes or o u t r i g h t f a i l u r e s have a t t r a c t e d l i t t l e 
a t t e n t i o n . T h i s n e g l e c t may be because h i s t o r i a n s see few 
advantages i n l i n k i n g t h e i r names to a f o r g o t t e n episode. A l s o , 
such episodes are o f t e n more d i f f i c u l t to handle than success 
s t o r i e s p r e c i s e l y because the main i n t e r e s t of such s t o r i e s 
almost always l i e s behind or beside the o s t e n s i b l e o b j e c t of 
study. 

The u n i t process s t o r y r e a d i l y demonstrates t h i s l a t t e r 
p o i n t . F i r s t appearing as a the p a r t i a l l y u n s u c c e s s f u l attempt 
to extend the o p e r a t i o n a l c a p a b i l i t y of u n i t o p e r a t i o n s to the 
chemical domain, i t evolve d as a response to new i n d u s t r i a l 
demands, p a r t i c u l a r l y i n the o r g a n i c domain. The g r a f t i n g of the 
new n o t i o n on the main trunk of chemical e n g i n e e r i n g as d e f i n e d 
by u n i t o p e r a t i o n s was operated w i t h i n the p r o f e s s i o n a l and 
e d u c a t i o n a l c o n f i n e s of the domain. But, because t h i s g r a f t i n g 
never r e a l l y took, what i s the p o i n t of r e t r i e v i n g such an 
ambiguous s t r i n g of events? 

The answer to t h i s q u e s t i o n l i e s i n the f a c t t h a t u n i t 
processes shed a very i n t e r e s t i n g l i g h t on u n i t o p e r a t i o n s . 
F i r s t of a l l , the very e x i s t e n c e of u n i t processes demonstrates 
t h a t , p a r a d o x i c a l l y , chemical e n g i n e e r i n g , as s t r u c t u r e d by u n i t 
o p e r a t i o n s , c o u l d not e a s i l y address the p u r e l y chemical aspects 
of i t s domain. 
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A second p o i n t can be made about the way i n which u n i -
processes came i n t o e x i s t e n c e . The emergence of u n i t process i s 
analogous to that of u n i t o p e r a t i o n s , p a r t i c u l a r l y w i t h regard 
to r e l e v a n t s o c i a l groupings i n v o l v e d i n t h i s e v o l u t i o n . 
I n d u s t r i e s , p r o f e s s i o n a l o r g a n i z a t i o n s , p a r t i c u l a r l y AIChE and 
the American Chemical S o c i e t y , and u n i v e r s i t i e s are i n v o l v e d , as 
in the case of u n i t o p e r a t i o n s . T h i s time, however, the process 
l e a d i n g to the i d e n t i f i c a t i o n of u n i t processes i s si m p l e r 
because the d i s c i p l i n a r y i d e n t i t y of the chemical e n g i n e e r i n g 
p r o f e s s i o n i s w e l l d e f i n e d and e s p e c i a l l y because u n i t p r o c ­
e s s e s , as the name shows, are p a t t e r n e d a f t e r u n i t o p e r a t i o n s . 

At t h i s p o i n t the r e a l l y i n t e r e s t i n g r e s u l t s s t a r t 
appearing. F i r s t of a l l , as noted e a r l i e r , u n i t p r o c e s s e s , 
d e s p i t e appearances, are not as p a r a l l e l and complementary to 
u n i t o p e r a t i o n s as they are g e n e r a l l y presented. The d i s c r e p a n c y 
between O l i v e ' s c l a s s i f i c a t i o n of u n i t o p e r a t i o n s and Shreve's 
c l a s s i f i c a t i o n of u n i t processes amply demonstrates t h a t , w i t h 
the best i n t e n t i o n s i n the w o r l d , the supporters of u n i t 
processes d i d not succeed i n t r e a t i n g u n i t processes e x a c t l y 
l i k e u n i t o p e r a t i o n s . T h i s f a i l u r e o c c u r r e d because no one 
succeeded i n developing adequate q u a n t i t a t i v e models f o r the 
treatment of chemical r e a c t i o n s as had been done i n the case of 
the p h y s i c a l h a n d l i n g of m a t e r i a l s . No one co u l d approach a 
hydrogénation r e a c t i o n i n the way one c o u l d t r e a t a d i s t i l l a t i o n 
tower, f o r example. As a r e s u l t , u n i t processes stood more as an 
u n f u l f i l l e d desideratum than as a s o l u t i o n because they o f f e r e d 
almost no help to the p r a c t i c i n g engineer. Only i n the classroom 
d i d u n i t processes o f f e r a way to orga n i z e a vast c o l l e c t i o n of 
f a c t s which otherwise would have had to be presented without 
even a pretense of orde r . T h e i r s u p e r f i c i a l analogy w i t h u n i t 
o p e r a t i o n s allowed u n i t processes to pl a y t h i s o r g a n i z a t i o n a l 
r o l e i n the classroom, but not i n the p l a n t . 

The f a i l u r e to lend i t s e l f to good q u a n t i t a t i v e m o d e l l i n g 
goes a long way toward e x p l a i n i n g why u n i t processes u l t i m a t e l y 
f a i l e d to e s t a b l i s h themselves permanently i n the d i s c i p l i n e . 
T h i s f a i l u r e was e v e n t u a l l y of some importance because i t s 
causes were p r o g r e s s i v e l y r e c o g n i z e d and i d e n t i f i e d . These 
causes i n v o l v e d i n s u f f i c i e n t development of p h y s i c a l c h e m i s t r y , 
i n s u f f i c i e n t means of computation and the l i k e . Moreover, the 
gen e r a l form of the s o l u t i o n to be sought was a l s o i d e n t i f i e d 
r a t h e r e a r l y . I t would i n v o l v e r e c a s t i n g the whole q u e s t i o n of 
chemical r e a c t i o n e n g i n e e r i n g i n terms of heat and m a t e r i a l 
f l o w s . But when D. B. Keyes p o i n t e d t h i s out, he a l s o p o i n t e d 
out - and that i s c r u c i a l - that u n i t o p e r a t i o n s would a l s o be 
d i s s o l v e d , so to speak, i n t h i s f a r more ge n e r a l conceptual 
scheme. 

In Keyes' mind, the fundamental s o l u t i o n he o u t l i n e d was 
u n a t t a i n a b l e f o r many years and even decades, and the e v o l u t i o n 
of chemical e n g i n e e r i n g demonstrated the v a l i d i t y of h i s reason­
i n g . Consequently, he thought i t was much b e t t e r to adopt a 
pragmatic a t t i t u d e and h o l d on to u n i t o p e r a t i o n s and u n i t p r o ­
cesses f o r as long as they r e t a i n e d some degree of use to teach, 
to d e s i g n , or to manage i n d u s t r i a l p r o c e s s e s . 
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As a r e s u l t , the l i m i t e d a b i l i t y of u n i t processes to 
c r e a t e a v i a b l e niche f o r themselves w i t h i n chemical e n g i n e e r i n g 
must u l t i m a t e l y be understood i n terms which a l s o i n v o l v e u n i t 
o p e r a t i o n s . Although the h i s t o r i c a l r e s i l i e n c e of u n i t processes 
turned out to be l e s s than that of u n i t o p e r a t i o n s , i t was no 
d i f f e r e n t i n i t s e s s e n t i a l elements. Studying the uneasy and 
u l t i m a t e l y u n s u c c e s s f u l c a r e e r of u n i t processes can t h e r e f o r e 
be e a s i l y j u s t i f i e d as a way to shed l i g h t on the f a r more 
s u c c e s s f u l c a r e e r of u n i t o p e r a t i o n s . In p a r t i c u l a r , the c a r e e r 
of u n i t processes r a i s e s a h y p o t h e s i s about the e v o l u t i o n of 
u n i t o p e r a t i o n s . The s t a y i n g power of u n i t o p e r a t i o n s was not so 
much because of the s t r u c t u r a l coherence of i t s conceptual 
elements as i t s e s s e n t i a l l i n k s w i t h s o c i a l and, more spe­
c i f i c a l l y , p r o f e s s i o n a l groups. As a t h e o r e t i c a l e n t i t y , u n i t 
o p e r a t i o n s appears f a r l e s s s t a b l e and, i n f a c t , appears q u i c k l y 
threatened by n o t i o n s which r e s t on fewer and more fundamental 
s c i e n t i f i c concepts. U l t i m a t e l y , t h i s t h r e a t came to be r e a l i z e d 
w i t h the advent of t r a n s p o r t phenomena, but t h i s i s another 
s t o r y . In e f f e c t , u n i t processes can be i n t e r p r e t e d as both the 
attempt to extend the reach of u n i t o p e r a t i o n s and a symptom of 
t h e i r c onceptual f r a g i l i t y . 
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4 
Will Milk Make Them Grow? 
An Episode in the Discovery of the Vitamins 

STANLEY L. BECKER 
Bethany College, General Sciences, Bethany, WV 26032 

Following the enunciation of the vitamin hypo­
thesis in 1912, the value of cow's milk as a source 
of vitamins necessary for normal growth of rats (and, 
by implication, for normal growth of humans) became 
a significant issue in animal feeding experiments. 
While there was general agreement about the quali­
tative value of milk as a vitamin source, a major 
conflict arose between two pioneering research lab­
oratories concerning the quantitative aspects. Al­
though the researchers involved reported differences 
in quantitative requirements that varied by as much 
as 5-8 fold, the disparity between results was never 
resolved and remains a mystery to this day. 

C r i t i c a l Events 

June, 1912: C a s i m i r Funk, a P o l i s h b i o c h e m i s t working i n 
London, England, wrote a review a r t i c l e i n which he e l a b o r a t e d 
on the f a c t t h a t d i s e a s e s such as s c u r v y , b e r i - b e r i , r i c k e t s and 
p e l l a g r a had long been known to be a s s o c i a t e d w i t h the d i e t a r y . 
Funk s a i d t h a t these d i s e a s e s c o u l d be prevented o r cured by 
adding c e r t a i n o r g a n i c substances to the d i e t , substances he c a l l ­
ed v i t a m i n e s . (J_) 

M i d - J u l y , 1912: F r e d e r i c k Gowland Hopkins, a bi o c h e m i s t a t 
Cambridge U n i v e r s i t y , p u b l i s h e d an e l a b o r a t e paper demonstrating 
t h a t a d d i t i o n s o f small amounts o f f r e s h , whole m i l k to o t h e r w i s e 
d e f i c i e n t d i e t s o f experi m e n t a l r a t s were f o l l o w e d by p e r i o d s o f 
normal growth and development o f the ani m a l s . (2) 

J u l y , 1913: Ε. V. McCollum, a bio c h e m i s t a t the U n i v e r s i t y 
o f W i s c o n s i n A g r i c u l t u r a l Experiment S t a t i o n p u b l i s h e d a paper i n 
which he showed t h a t t h e r e was something i n b u t t e r t h a t made r a t s 
grow; someting t h a t was l a t e r t o be named v i t a m i n A and, l a t e r yet, 
v i tami ns A and D. (3_) 

August, 1913: T. B. Osborne, a p r o t e i n chemist a t the Con-
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n e c t i c u t A g r i c u l t u r a l Experiment S t a t i o n , i n c o l l a b o r a t i o n w i t h 
L. B. Mendel, a p h y s i o l o g i c a l chemist a t Yale U n i v e r s i t y , p u b l i s h ­
ed a paper iη which they demonstrated t h a t b u t t e r was very e f f e c t i v e 
in making r a t s grow, {k) T h i s work had been preceded by a mono­
graph i n 1911 which c o n t a i n e d a wea l t h o f data on the n u t r i t i o n a l 
v alue o f i s o l a t e d food substances as r e l a t e d t o the growth o f 
r a t s . (5) 

In December 1929, F r e d e r i c k Gowland Hopkins shared the Nobel 
P r i z e i n Medicine o r P h y s i o l o g y , " f o r h i s d i s c o v e r y o f the growth-
s t i m u l a t i n g v i t a m i n s . " 

The s t o r y r e l a t e d here w i l l c l a r i f y , to some e x t e n t , the 
r o l e s o f these p i o n e e r s i n the emergence of the v i t a m i n hypothesis. 
More i m p o r t a n t l y , i t w i l l shed l i g h t on some p e c u l i a r i t i e s o f nu­
t r i t i o n a l b i o c h e m i s t r y as i t was p r a c t i c e d i n the f i r s t q u a r t e r 
o f the t w e n t i e t h c e n t u r y . In p a r t i c u l a r , i t w i l l focus upon ex­
per i m e n t a l r e s u l t s t h a t helped one i n v e s t i g a t o r win a Nobel P r i z e , 
r e s u l t s t h a t c o u l d not be reproduced by some o f the most competent 
r e s e a r c h workers i n animal f e e d i n g experiments. 

N u t r i t i o n , 1905 S t y l e 

The dominant p r i n c i p l e o f n u t r i t i o n i n 1905 was energy. C a l ­
o r i e s were counted f o r people i n d i f f e r e n t o c c u p a t i o n s , consuming 
h i g h l y v a r i e d d i e t s . Given s u f f i c i e n t c a l o r i e s , n u t r i t i o n a l dogma 
s a i d , and human beings w i l l grow and develop n o r m a l l y . The c a l ­
o r i e s c o u l d best be o b t a i n e d from f a t s and ca r b o h y d r a t e s . In ad­
d i t i o n , a minimum amount o f p r o t e i n was r e q u i r e d (and t h i s m i n i ­
mum was h o t l y debated) along w i t h a few m i n e r a l s and water. 

Much has been w r i t t e n about these e a r l y t w e n t i e t h c e n t u r y 
views o f n u t r i t i o n , both o f the r i g o r o u s s c i e n t i f i c v a r i e t y and 
of the l e s s formal but widespread f o l k concepts. The p r e - h i s t o r y 
of the episode being r e l a t e d here i s reasonably documented in a 
number o f works such as those o f McCollum (6) and Becker (7). The 
1 i t e r a t u r e shows c l e a r 1 y t h a t i n the f i r s t decade o f t h i s c e n t u r y , 
c a l o r i e - d o m i n a t e d n u t r i t i o n was being q u i e t l y but v i g o r o u s l y c h a l ­
lenged. In the second decade the c h a l l e n g e became open and even 
more v i g o r o u s . 

Ρ ioneers 

C a s i m i r Funk had come from Poland to the L i s t e r I n s t i t u t e i n 
London, England to i n v e s t i g a t e the chemical n a t u r e o f the sub­
stance i n r i c e - p o l i s h i n g s ( r i c e bran) t h a t cured o r prevented 
p o l y n e u r i t i s i n b i r d s , a d i s e a s e c l o s e l y r e l a t e d to b e r i - b e r i i n 
humans. His rese a r c h i n t h i s s u b j e c t coupled w i t h h i s awareness 
of what were becoming known as d i e t - r e l a t e d d i s e a s e s , the d e f i ­
c i e n c y d i s e a s e s , l e d to h i s review a r t i c l e o f 1912 in which he 
coined the term, v i t a m i n e . V i t a m i n e , to Funk, was a c t u a l l y a v a r ­
i e t y o f chemical substances, o r g a n i c amines, t h a t acted s e l e c t i v e -
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l y i n the p r e v e n t i o n o r cure o f d i s e a s e s such as b e r i - b e r i , s c u r ­
vy, p e l l a g r a and o t h e r d i e t - a s s o c i a t e d p a t h o l o g i e s . In s h o r t , they 
were v i t a l amines, hence v i t a m i n e s . 

In the mid 1920's, Funk became em b r o i l e d i n a c o n t r o v e r s y 
over the d i s c o v e r y (and the d i s c o v e r e r ) o f the v i t a m i n e s , o r v i t a ­
mins as they were then known. (S_9 9., 10) He gave some c r e d i t to 
Hopkins f o r h i s e a r l y endeavors but r e f u s e d to acknowledge Hopkins' 
p r i o r i t y . T h i s episode bears s t r o n g l y upon remarks made by Hop­
k i n s in h i s Nobel Address o f 1929 wherein he d i s c u s s e d Funk's work 
as w e l l as McCollum's and t h a t o f Osborne and Mendel. 

F r e d e r i c k Gowland Hopkins, a n a l y t i c a l c h e m i s t , p h y s i c i a n and 
b i o c h e m i s t , had conducted numerous experiments i n animal f e e d i n g 
p r i o r to h i s famous comment i n 1906 t h a t no animal c o u l d l i v e on 
a d i e t o f pure p r o t e i n , f a t , c a r b o h y d r a t e , m i n e r a l s and water. He 
c i t e d the simple f a c t t h a t animals l i v e upon p l a n t s o r o t h e r a n i ­
mals whose t i s s u e s c o n t a i n many o t h e r substances b e s i d e s those 
u s u a l l y c o n s i d e r e d adequate f o r a normal d i e t , " . . . i t i s c e r t a i n 
t h a t t h e r e are many minor f a c t o r s i n a l l d i e t s o f which the body 
takes account." (11) 

These comments were made near the end of a t a l k at a meeting 
of the S o c i e t y o f P u b l i c A n a l y s t s , a group composed p r i n c i p a l l y 
o f a n a l y t i c a l chemists and medical d o c t o r s . During the d i s c u s s i o n 
which f o l l o w e d , almost no r e f e r e n c e was made to Hopkins' new ideas 
and remarks, i n i t s e l f a measure o f the newness o f such ideas 
along w i t h the i n a b i l i t y o r ignorance o r l a c k o f a t t e n t i o n p a i d to 
such comments by the group i n attendance. 

Over the next s i x years Hopkins pursued, i n t e r m i t t e n t l y , the 
search f o r the o t h e r n u t r i e n t s r e q u i r e d to keep an animal a l i v e 
and i n good h e a l t h . In 1912 came the p u b l i s h e d r e s u l t s o f h i s r e ­
search and w h i l e he confirmed them i n p u b l i c a t i o n s of 1913 (12) 
and 1920 (13), i t appears t h a t o t h e r p i o n e e r s i n n u t r i t i o n a l s t u d ­
i e s , Osborne and Mendel i n p a r t i c u l a r , were unable to repeat o r 
reproduce h i s r e s u l t s . 

Thomas B. Osborne and L a f a y e t t e B. Mendel worked t o g e t h e r f o r 
n e a r l y twenty years to unravel the chemical and p h y s i o l o g i c a l pro­
p e r t i e s of p r o t e i n s . In t h e i r e f f o r t s to supply ever more s o p h i s ­
t i c a t e d d i e t s , i . e . , d i e t s made up o f pure chemical p r o t e i n s , min­
e r a l s , e t c . , they d i s c o v e r e d t h a t d i f f e r e n t p r o t e i n s were marked­
l y d i f f e r e n t i n t h e i r a b i l i t y to promote growth or even to main­
t a i n animals at contant body weight. 

Repeated f a i l u r e s o f such d i e t s , c o n t r a s t e d w i t h s u c c e s s f u l 
ones on which animals grew no r m a l l y when powdered whole m i l k was 
the major i n g r e d i e n t , f o r c e d Osborne and Mendel to examine m i l k 
i t s e l f to e x p l a i n i t s p e c u l i a r a b i l i t y to s u s t a i n growth and main­
tenance of experimental r a t s over extended p e r i o d s of time. U l t i ­
mately they d i s c o v e r e d the growth-promoting p r o p e r t y of b u t t e r and 
b u t t e r f a t . (]k) Not s u r p r i s i n g l y , w i t h so many ideas " i n the a i r " 
and w i t h o t h e r r e s e a r c h e r s p r o w l i n g i n r e l a t e d a r e a s , Osborne and 
Mendel were pre-empted by t h r e e weeks i n p u b l i s h i n g t h e i r d i s ­
covery. It was Ε. V. McCollum at W i s c o n s i n who f i r s t r e p o r t e d 
t h a t ' b u t t e r makes them grow.' 
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Elmer V. McCollum, w h i l e o b t a i n i n g h i s d o c t o r a t e i n c h e m i s t r y 
a t Y a l e , took some courses i n p h y s i o l o g i c a l c h e m i s t r y w i t h Mendel 
as h i s i n s t r u c t o r . McCollum a l s o worked i n Osborne's l a b o r a t o r y 
at the C o n n e c t i c u t A g r i c u l t u r a l Experiment S t a t i o n f o r a few 
months and was h i r e d by the U n i v e r s i t y o f W i s c o n s i n A g r i c u l t u r a l 
Experiment S t a t i o n as a chemist to a n a l y z e the i n t a k e and outgo o f 
c a t t l e on r e s t r i c t e d r a t i o n s , i . e . , c a t t l e being g i v e n food ob­
t a i n e d from a s i n g l e crop p l a n t . 

Not content w i t h such a l a b o r i o u s and time consuming e n t e r ­
p r i s e , McCollum s t a r t e d , on h i s own i n i t i a t i v e i n 1908, the f i r s t 
r a t c olony in the U n i t e d S t a t e s to be devoted e x c l u s i v e l y to the 
study o f n u t r i t i o n . More than f i v e years l a t e r he was a b l e to r e ­
p o r t t h a t a s u c c e s s f u l d i e t f o r a r a t r e q u i r e d the i n c l u s i o n o f 
an e t h e r e x t r a c t o f egg o r b u t t e r . (15) 

Co n f u s i o n , U n c e r t a i n t y and Disagreement 

Although the w h i t e o r a l b i n o r a t was to become the animal o f 
ch o i c e i n n u t r i t i o n a l i n v e s t i g a t i o n s , c h i c k e n s , p i g e o n s , cows, 
p i g s , guinea p i g s , r a b b i t s , mice and dogs (and probably a few 
c a t s ) were a l s o used i n an attempt to b e t t e r understand the phys­
i o l o g i c a l p r o p e r t i e s o f foods. S p e c i e s ' d i f f e r e n c e s i n d i e t a r y 
needs were o n l y s l o w l y r e c o g n i z e d , a s i t u a t i o n t h a t l e d to much 
c o n f u s i o n , u n c e r t a i n t y and disagreement over the r e s u l t s and s i g ­
n i f i c a n c e o f exper i m e n t a l work. What k i n d o f sense, e.g., c o u l d 
be made of the f a c t t h a t guinea p i g s and human beings c o u l d de­
velop scurvy w h i l e r a t s c o u l d not? Why was i t so d i f f i c u l t t o 
induce d e f i c i e n c y d i s e a s e s i n c a t t l e ? Was p e l l a g r a c o n f i n e d to 
humans alone? 

These were some o f the q u e s t i o n s t h a t faced n u t r i t i o n r e ­
se a r c h e r s i n the p e r i o d o f primary concern i n t h i s paper, 1910-
1925. Other problems added to the high l e v e l o f doubt and skep­
t i c i s m t h a t p r e v a i l e d . C a s i m i r Funk, e.g., in i s o l a t i n g what he 
thought to be the amine necessary f o r the c o n t r o l o f b e r i - b e r i , 
a l s o o b t a i n e d n i c o t i n i c a c i d from r i c e p o l i s h i n g s and from y e a s t , 
both e x c e l l e n t c u r a t i v e s / p r e v e n t i v e s o f b e r i - b e r i . (16) Even 
though Funk had suggested t h a t each d e f i c i e n c y d i s e a s e was the 
r e s u l t o f the l a c k o f a s p e c i f i c chemical e n t i t y , he never r e a l i z ­
ed i n 1911-1935 t h a t the p e l l a g r a c u r e / p r e v e n t i v e , n i c o t i n i c a c i d , 
was s i t t i n g i n a c h e m i c a l l y pure s t a t e i n h i s t e s t tubes. 

Hopkins was l a t e i n r e a l i z i n g t h a t one o f h i s 'accessory food 
s u b s t a n c e s ' , l a t e r c a l l e d v i t a m i n s , was c o n t a i n e d i n the f a t o f 
mi l k as w e l l as i n the f a t s o f o t h e r animals and i n c e r t a i n p l a n t 
t i s s u e s as w e l l . (17, 18) Osborne and Mendel a c t u a l l y reached a 
p o i n t i n t h e i r r e s e a r c h i n 1912 t h a t made them c o n f i d e n t t h a t f a t s 
as f a t s were not necessary at a l l i n the d i e t s o f exper i m e n t a l 
r a t s . (19) McCollum went so f a r as to s t a t e a t one time t h a t 
a s i d e from the a n t i - s c o r b u t i c substance ( l a t e r t o be known as 
v i t a m i n C ) , t h e r e were o n l y two new substances to be concerned 
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w i t h in r a t n u t r i t i o n : ' f a t - s o l u b l e A' and w a t e r - s o l u b l e B'. (20) 
McCollum made i t very c l e a r i n t h i s 1916 paper t h a t he d i d not 
l i k e the word v i t a m i n e (which, n e v e r t h e l e s s , became v i t a m i n i n 
1920). (2J_) 

The c o n f l i c t i n g r e s u l t s and v a r i o u s i n t e r p r e t a t i o n s o b t a i n e d 
from animal f e e d i n g experiments were, o f course, r e l a t e d to many 
f a c t o r s , a p o i n t t h a t can be i l l u s t r a t e d i n v a r i o u s ways. The 
author has s e l e c t e d what he c a l l s the 'mi 1 k - i s - g o o d - f o r - y o u - b u t -
how-much-is-enough?'problem t h a t emerged, f o r the most p a r t , in 
the i n v e s t i g a t i o n s o f Hopkins at Cambridge and Osborne and Mendel 
at the C o n n e c t i c u t A g r i c u l t u r a l Experiment S t a t i o n i n New Haven 
d u r i n g the i n t e r v a l , 1911-1922. 

M i l k i s Good f o r You But... 

In J u l y 1911, Osborne and Mendel completed the second p a r t of 
the monograph c i t e d e a r l i e r , (22) p u b l i s h e d by the Carnegie I n s t i ­
t u t i o n which had p a r t i a l l y supported Osborne's researches f o r a 
number of y e a r s . T h i s monograph o f 138 pages, c o n t a i n i n g many 
t a b l e s and 129 c h a r t s , was the most comprehensive document pub­
l i s h e d to date on animal f e e d i n g experiments. I t rep r e s e n t e d the 
d a t a , r a t i o n a l e s and c o n c l u s i o n s o f n e a r l y two years and i l l u s ­
t r a t e d v i v i d l y Osborne and Mendel's major premise: d i f f e r e n t pro­
t e i n s , e i t h e r i n d i v i d u a l l y o r i n co m b i n a t i o n , were remarkably d i f ­
f e r e n t i n t h e i r a b i l i t i e s to e i t h e r m a i n t a i n a r a t at c o n s t a n t 
weight o r to a l l o w marginal o r even normal growth to oc c u r i n 
these a n i m a l s . 

Osborne and Mendel were a b l e to make t h i s premise i n p a r t be­
cause they had develped two d i e t s t h a t a l l o w e d r a t s to grow nor­
m a l l y : the mixed food (dog b i s c u i t , s u n f l o w e r and o t h e r seeds, 
f r e s h v e g e t a b l e s and s a l t ) and the m i l k food (whole m i l k powder, 
s t a r c h , a m i x t u r e of mineral s a l t s and l a r d ) . I t was the l a t t e r 
d i e t a r y t h a t , when c o m p r i s i n g a l l o r o n l y a p a r t o f an experimen­
t a l r a t i o n , would prove to be a source o f much c o n f u s i o n about 
the n u t r i t i o n a l v a l u e o f m i l k . 

In J u l y 1912, Hopkins had p u b l i s h e d h i s f i r s t paper concern­
ed w i t h f e e d i n g small amounts o f whole m i l k to r a t s on experimen­
t a l d i e t s . In August he wrote s e p a r a t e l e t t e r s to Osborne and 
Mendel. The f o l l o w i n g i s from the l e t t e r to Osborne: 

I t r u s t t h a t n e i t h e r you nor P r o f . Mendel w i l l t h i n k t h a t 
my paper which has j u s t appeared i n the J o u r n a l o f Phys­
i o l o g y (of which I am now sending you a r e p r i n t ) i n t r u d e s 
unduly i n t o your domain. As a matter o f f a c t I have 
engaged i n such f e e d i n g e x p t s . f o r a good many y e a r s , 
and the g r e a t p l e a s u r e w i t h which I read your work...was 
(human nature being what i t i s ) somewhat s p o i l t by the 
f a c t t h a t i t takes the wind out o f the s a i l s o f many 
scores o f experiments of my own! (23) 
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Hopkins s t a t e d f u r t h e r t h a t he was a b l e to o b t a i n growth in r a t s 
on d i e t s composed of amino a c i d m i x t u r e s o n l y when small amounts 
of " y e a s t - e x t r a c t e t c . were added." He s a i d n o t h i n g whatsoever 
about the m i l k supplements which u n d e r l i e h i s e n t i r e 1912 paper. 

T h i s being summer, Osborne and Mendel o f t e n went to t h e i r 
v a c a t i o n r e t r e a t s from where they c a r r i e d on an e x t e n s i v e c o r r e ­
spondence. In one o f these l e t t e r s , Mendel remarked to Osborne: 

F. G. Hopkins wrote me a pl e a s a n t note, as he presumably 
d i d to you. I have not yet seen the r e p r i n t which he 
s t a t e s he has sen t , but I s h a l l r e p l y t h a t we do not r e ­
gard o u r s e l v e s as the s o l e s c i e n t i s t s e n t i t l e d to feed 
r a t s . E v i d e n t l y he i s impressed w i t h the idea of a "growth 
substance" o r something o f that s o r t , a s i d e from the o r ­
d i n a r y n u t r i e n t s . (2M) 

N e a r l y two weeks l a t e r , a f t e r r e a ding Hopkins' paper, Mendel 
wrote again to Osborne: 

The Hopkins paper was very i n t e r e s t i n g . . . . O f course h i s 
foods are a l l c o m p a r a t i v e l y crude; and our p o s i t i v e exp't 
w i t h f a t - f r e e a r t . p. f. m. i s hard to understand except 
on the assumption o f a s t o r e of the growth f a c t o r of the 
body. ... The energy p r o p o s i t i o n gets a gr e a t s e t back by 
Hopkins work and our growth paper. ...However, these 'ac­
c e s s o r y ' e x t r a c t s may be an i n v a l u a b l e a i d to us in study­
ing the comparative r o l e o f p r o t e i n s i f they permit us to 
keep our animals i n b e t t e r form. The p o i n t i n our paper 
which Hopkins q u e s t i o n s i s very important i . e . , t h e q u a n t -
i t y o f p. f. m. that i s s u f f i c i e n t , and i t needs to be r e ­
peated perhaps. (25) 

E x p l a n a t i o n of two terms mentioned above i s i n o r d e r . Osborne 
and Mendel had been s u c c e s s f u l in growing r a t s on the m i l k food 
d i e t . In o r d e r to have a l l the advantages of m i l k w i t h o u t the 
p r o t e i n c o n t e n t , they developed what they c a l l e d p r o t e i n - f r e e m i l k 
or p. f. m. Sin c e t h e i r primary research concern l a y w i t h pro­
t e i n s and because m i l k was a complete food by i t s e l f , they assumed 
that i f the water and p r o t e i n s (mostly c a s e i n ) were removed from 
m i l k the r e s u l t a n t product would have a l l the c h a r a c t e r i s t i c s o f 
mil k w h i l e a l l o w i n g the experimenters to in t r o d u c e o t h e r p r o t e i n s 
i n t o animal d i e t s . Osborne and Mendel would thereby be a b l e to 
ev a l u a t e the n u t r i t i v e v a l u e of any p r o t e i n when i t was fed w i t h 
p. f. m. (26) 

A r t . p. f. m. or a r t i f i c i a l p r o t e i n - f r e e mi 1k, was a l o g i c a l 
next step i n t h e i r work. S i n c e they were a t t e m p t i n g to grow r a t s 
on t o t a l l y s y n t h e t i c d i e t s , i . e . , d i e t s composed of pure c h e m i c a l s , 
Osborne and Mendel attempted to d u p l i c a t e the c o m p o s i t i o n of p.f.m. 
using l a b o r a t o r y o r commerical grade chemical s a l t s and l a c t o s e i n 
combinations that approximated as c l o s e l y as p o s s i b l e the compo­
s i t i o n of n a t u r a l p. f. m. (27) 
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The C o n n e c t i c u t r e s e a r c h e r s had g r e a t success u s i n g these 
p r o t e i n - f r e e a djuvants but o n l y up to a p o i n t . While e x t e n s i v e 
growth might o c c u r e s p e c i a l l y w i t h the n a t u r a l p. f. m., sooner 
or l a t e r the r a t s stopped growing. Some c o u l d be maintained a t 
n e a r l y c o n s t a n t weight f o r months but i n e v i t a b l y a l l r a t s would 
begin to d e c l i n e on d i e t s t h a t c o n t a i n e d p. f. m. o r a r t . p. f. m. 
As Osborne wrote to Mendel: " I t i s becoming more and more e v i d e n t 
t h a t they [the r a t s j get some e s s e n t i a l substance from the m i l k , 
the nature o f which we do not y e t know." (28) 

...How Much i s Enough? 

Although Osborne and Mendel were coming to terms w i t h the 
p r o b a b i l i t y t h a t 'some e s s e n t i a l substance' was present in m i l k , 
they had a l r e a d y that year (1912) p u b l i s h e d two a r t i c l e s which l e d 
readers to b e l i e v e t h a t Osborne and Mendel had developed a t o t a l l y 
s y n t h e t i c and s u c c e s s f u l d i e t . In e a r l y 1913, Hopkins and N e v i l l e 
q u e s t i o n e d the v a l i d i t y o f some of the expe r i m e n t a l r e s u l t s ob­
t a i n e d by Osborne and Mendel. They s a i d t h a t the Americans' r e ­
s u l t s seemed to i n d i c a t e t h a t young r a t s c o u l d grow on p u r e l y 
a r t i f i c i a l d i e t s and, t h e r e f o r e , t h a t a c c e s s o r y f a c t o r s o r v i t a -
mines were d i s p e n s a b l e . "But...they c o n t r a d i c t what i s now a con­
s i d e r a b l e body o f e x p e r i e n c e , and the experiments which y i e l d e d 
them seem to c a l l f o r r e p e t i t i o n . " (29) 

Hopkins and N e v i l l e went on to say th a t they had fed r a t s on 
the d i e t used by Osborne and Mendel w i t h one s i g n i f i c a n t d i f f e r ­
ence: they e x t r a c t e d the p r o t e i n and s t a r c h w i t h a l c o h o l and r e -
c r y s t a l l i z e d the l a c t o s e ( m i l k sugar) from an aqueous s o l u t i o n by 
a d d i t i o n o f a l c o h o l . The methods of f e e d i n g were the same as 
those d e s c r i b e d by Hopkins i n h i s 1912 paper. The r e s u l t s ? Rats 
ceased to grow, a l l b e f o r e 15 days on the e x t r a c t e d d i e t . A f t e r 
weight d e c l i n e s e t i n some o f the r a t s were gi v e n 2 cc of m i l k 
per day per r a t f o l l o w i n g which growth resumed and h e a l t h was 
ma i nta ined. 

The authors a l s o s t a t e d t h a t t h e i r r a t s behaved d i f f e r e n t l y 
from the three animals f ed by Osborne and Mendel but that the d i f ­
f e r e n c e could not be e x p l a i n e d . Hopkins had found i n e a r l i e r ex­
periments t h a t very small amounts of substances e x t r a c t e d w i t h hot 
a l c o h o l from foods would, when added to d e f i c i e n t d i e t s , render 
them capable o f some growth p o t e n t i a l . I t was apparent, to Hop­
k i n s at l e a s t , t h a t hot a l c o h o l i c e x t r a c t i o n s o f foods removed 
small amounts o f e f f e c t i v e growth promoter from the d i e t . E t h e r 
e x t r a c t i o n as c a r r i e d out by Osborne and Mendel in t h e i r f a t - f r e e 
experiments was c o n s i d e r e d by Hopkins to be i n f e r i o r to a l c o h o l i c 
e x t r a c t i o n . "The purpose of the present note i s to i n d i c a t e t h a t 
there i s s t i l l reason f o r a continuance o f the search f o r s p e c i a l 
a c c e s s o r y substances o f potent i n f l u e n c e upon growth. I t should 
be p o i n t e d out th a t Osborne and Mendel themselves admit t h a t such 
substances may e x i s t . " (30) 
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In l a t e February o f 1913, Osborne and Mendel responded to the 
note i n the Biochemical J o u r n a l in a l e t t e r t o Hopkins i n which 
they s t a t e d t h a t they had been s u r p r i s e d by the outcomes o f the 
experiments on p u r e l y a r i f i c i a l d i e t s and th a t newer experiments 
demonstrated e i t h e r poor growth o r none at a l l on f a t - f r e e a r t i ­
f i c i a l d i e t s . They a l s o s a i d i n t h i s l e t t e r t h a t they b e l i e v e d 
they had a c l u e as to the cause o f the d i f f e r e n c e s i n r e s u l t s . 
Furthermore : 

A l l o f us are d e a l i n g w i t h problems which i n v o l v e ex­
tremely c o m p l i c a t e d c o n d i t i o n s , and we must be prepa r ­
ed to be co n f r o n t e d w i t h unexpected r e s u l t s f o r some 
time to come. For example, our e x p e r i e n c e i n s t u d y i n g 
the e f f e c t o f small a d d i t i o n s o f m i l k to v a r i o u s a r t i ­
f i c i a l d i e t s has r a r e l y been t h a t which we expected 
from your report....We have no i n t e n t i o n o f i n t r u d i n g 
on your f i e l d i n making these experiments, nor do we 
expect to p u b l i s h our r e s u l t s as evidence t h a t your 
experiments i n v o l v e e r r o r , o r t h a t your p u b l i s h e d con­
c l u s i o n s a r e i n c o r r e c t . ...We ar e convinced t h a t the 
p u r s u i t o f the growth substance i n v o l v e s some o f the 
most important problems of b i o c h e m i s t r y , and t h a t i t 
w i l l not be long b e f o r e the combined e f f o r t s o f those 
who engage i n i t w i l l s o l v e at l e a s t some o f them. (31) 

No mention was made of the a l c o h o l v. e t h e r e x t r a c t i o n o f 
foods but i n t h e i r paper r e p o r t i n g the r e s u l t s o f f e e d i n g f a t -
f r e e d i e t s Osborne and Mendel s t a t e d c l e a r l y t h a t none o f the 
foods had been e x t r a c t e d w i t h hot a l c o h o l . Furthermore, they 
found i t d i f f i c u l t t o b e l i e v e ( t h i s was i n mid-1912) t h a t skimmed 
m i l k c o u l d c o n t a i n an important l i p o i d ( f a t - l i k e substances such 
as l e c i t h i n , e.g.) i n any adequate amount, " w h i l e . . . b u t t e r f which 
must c o n t a i n some compounds o f t h i s t y p e C i s ] inadequate." (32) 

Here we can see a major d i f f e r e n c e i n the t h i n k i n g o f Hopkins 
and t h a t o f Osborne and Mendel. For Hopkins, very small q u a n t i ­
t i e s o f unknown o r g a n i c s u b s t a n c e s , s o l u b l e i n hot a l c o h o l , were 
necessary f o r growth. Osborne and Mendel were s t i l l c l i n g i n g t o 
the b e l i e f t h a t e f f e c t i v e n u t r i e n t s would have to be present i n 
q u a n t i t i e s g r e a t e r than the ' t r a c e s ' i m p l i e d i n Hopkins' e x p e r i ­
ments. S t i l l , Osborne and Mendel r e c o g n i z e d t h a t o n l y a d d i t i o n a l 
r e s e a r c h would r e s o l v e the c o n f l i c t i n g r e s u l t s . 

Hopkins r e p l i e d to t h e i r l e t t e r on March 1*4, 1913- (33) He 
ap o l o g i z e d f o r the tone o f the Biochemical J o u r n a l note: "The f a c t 
i s I have done so much work i n t h i s (not very s u c c e s s f u l ) endeav­
our to se p a r a t e the unknown substances which a f f e c t growth, t h a t 
when your paper ...came out I s u f f e r e d from an a t t a c k o f n e r v e s . " 
(3*0 Hopkins went on to d i s c u s s h i s success w i t h f e e d i n g small 
q u a n t i t i e s o f m i l k to growing r a t s , and s a i d t h a t the s t o r y was 
c l e a r under h i s experimental c o n d i t i o n s . Furthermore, he comment­
ed t h a t the o r g a n i c c o n s t i t u e n t s which he l a b e l e d , 'exogenous 
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4. B E C K E R Will Milk Make Them Grow? 69 

growth hormones, 1 were not the same as Funk's v i t a m i n e s . Hopkins 
was most emphatic in p o i n t i n g out the need to thoroughly e x t r a c t 
food so as to remove the growth f a c t o r s . Only when the basal d i ­
e t a r y was w e l l e x t r a c t e d , he concluded, c o u l d the e f f e c t s o f small 
addenda (such as m i l k ) make themselves v i s i b l e . "That such e x t r a ­
o r d i n a r y small amounts of the 'χ-factors' can a c t , r a t h e r d i m i n ­
i s h e s the p r a c t i c a l importance o f the phenomenon; but not , I t h i n k , 
i t s t h e o r e t i c a l i n t e r e s t . " (35.) E i g h t years l a t e r Hopkins would 
express a d i f f e r e n t a t t i t u d e toward the p r a c t i c a l importance o f 
the phenomenon; by then v i t a m i n s were 'very b i g ' i n d i e t e t i c s . 

Osborne and Mendel prepared a d r a f t l e t t e r r e p l y to Hopkins 
and i t can be assumed t h a t a f i n a l v e r s i o n was s e n t , most proba­
b l y i n A p r i l 1913· (36) T h i s l e t t e r re-emphasized the problems of 
a p p a r e n t l y c o n f l i c t i n g r e s u l t s and the methods used to s o l v e such 
problems. They s a i d t h a t they had come to agree w i t h Hopkins' 
c o n c l u s i o n t h a t some o r g a n i c substance, i n small q u a n t i t y , was 
necessary f o r growth. The p. f. m. d i e t s seemed to be adequate 
f o r about 80 days; the a r t . p. f. m. d i e t s were h i g h l y v a r i a b l e i n 
t h e i r r e s u l t s ; the standard m i l k food was always adequate, "...we 
now t h i n k t h a t m i l k c o n t a i n s something e s s e n t i a l f o r growth which 
i s e i t h e r p a r t l y o r w h o l l y d e s t r o y e d o r removed by our process o f 
making the p r o t e i n f r e e m i l k . " (37) Osborne and Mendel a l s o 
s t a t e d t h e i r b e l i e f t h a t the young r a t i s born w i t h a s u r p l u s o f 
t h i s substance, upon which i t can grow f o r a p e r i o d o f time. Fur­
thermore, they confirmed t h a t a d d i t i o n o f small q u a n t i t i e s o f a l ­
c o h o l i c e x t r a c t s o f some foods d i d indeed c o n t a i n a growth pro­
moting substance alt h o u g h they d i d not know whether i t was organ­
i c , i n o r g a n i c o r a combination. And y e t , they s a i d f u r t h e r on 
tha t a l c o h o l i c e x t r a c t i o n o f the p r o t e i n s c o u l d not be s i g n i f i c a n t 
i n t h e i r work s i n c e t h e i r r e s u l t s were c o n t r o l l e d by us i n g the 
same p r o t e i n s i n d i e t s which were i n c a p a b l e o f i n d u c i n g growth i n 
r a t s . 

I n t e r i m 

Less than f o u r months a f t e r the w r i t i n g o f the l e t t e r to Hop­
k i n s , McCollum as w e l l as Osborne and Mendel had observed and pub­
l i s h e d the f a c t t h a t b u t t e r conta i ned someth i ng t h a t made r a t s grow. 
In t h i s same y e a r , 1913, Hopkins became i n v o l v e d w i t h the adm i n i ­
s t r a t i o n o f the Medical Research Committee, (M. R. C ) , an arm 
of the new N a t i o n a l Insurance Program i n Great B r i t a i n . As a con­
sequence, Hopkins was not a b l e to c a r r y out any s i g n i f i c a n t r e ­
search on h i s 'growth promoting a c c e s s o r y f a c t o r s ' i n m i l k . Never­
t h e l e s s , h i s a s s o c i a t i o n w i t h the M. R. C. u l t i m a t e l y brought him 
i n t o i n t e r n a t i o n a l prominence and p r o v i d e d him (and h i s a s s o c i ­
a t e s ) w i t h a forum from which he c o u l d speak to a l a r g e r audience 
about the growth f a c t o r s , b e t t e r known as v i t a m i n s . 

With the outbreak o f World War I i n 191**, the need f o r prac­
t i c a l d i e t e t i c s consumed the time and l a b o r s o f many a B r i t i s h 
n u t r i t i o n i s t so t h a t w h i l e b a s i c r e s e a r c h i n the v i t a m i n s was con-
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ducted to a l i m i t e d e x tent i n Great B r i t a i n , i t was in the Uni t e d 
S t a t e s that such research almost l i t e r a l l y "took o f f . " 

McCollum i n Wisconsin and Osborne and Mendel i n Co n n e c t i c u t 
pursued t h e i r breakthroughs w i t h many s i g n i f i c a n t c o n t r i b u t i o n s . 
McCollum, in 1915, showed that there were two growth substances 
needed by r a t s , one s o l u b l e i n f a t s , the o t h e r s o l u b l e i n water or 
a l c o h o l . (.38, 39) In these same papers McCollum a l s o showed that 
n o n - e x t r a c t e d l a c t o s e (or u n r e c r y s t a 11ized l a c t o s e ) was capable of 
su p p o r t i n g some growth i n r a t s . Furthermore, he p o i n t e d out th a t 
commercial l a c t o s e o r even some l a b o r a t o r y grade l a c t o s e c o n t a i n e d 
small q u a n t i t i e s o f a growth-promoting substance o r substances, an 
o b s e r v a t i o n confirmed by Drummond i n 1SΊ6- (40) 

Osborne and Mendel conti n u e d t h e i r e x t e n s i v e s t u d i e s o f the 
n u t r i t i v e v a l u e s of p r o t e i n s w h i l e e x t e n d i n g the l i s t of foods 
known to c o n t a i n v i t a m i n e s . k2) They attempted to i s o l a t e 
the growth promoter i n b u t t e r w i t h no success but they made s i g ­
n i f i c a n t progress in t h e i r quest f o r a t o t a l l y s y n t h e t i c d i e t by 
de v e l o p i n g an e x c e l l e n t s a l t m i xture f o r the basal d i e t a r i e s o f 
t h e i r r a t s . (43) 

Thus, at the war's end in 1918, v i t a m i n e s o r v i t a m i n s o r 
growth-promoting a c c e s s o r i e s , both f a t - s o l u b l e A and w a t e r - s o l u b l e 
Β were p a r t o f the l e x i c o n o f n u t r i t i o n a l s c i e n c e . Even though i t 
would r e q u i r e more than another decade befo r e the f i r s t v i t a m i n 
was chemical 1 y i n d e n t i f i e d , the need f o r v i t a m i n s i n r a t growth was 
no longer i n doubt. What i s both remarkable and f a s c i n a t i n g here 
i s t h a t the r a t s ' needs were immediately t r a n s l a t e d i n t o human 
needs. The war had evoked high l e v e l s o f i n t e r e s t i n human nu­
t r i t i o n . How much o f which foods were r e q u i r e d f o r good h e a l t h ? 
The d i s c o v e r i e s made in the n u t r i t i o n a l requirements o f r a t s o n l y 
served to heighten t h i s i n t e r e s t . In s h o r t , i f i t was good f o r 
r a t s i t was good f o r humans. 

Yes, but How Much M i l k i s R e a l l y Enough? 

While both the f a t - s o l u b l e and w a t e r - s o l u b l e v i t a m i n s had been 
found in a v a r i e t y o f foods, the problem of growth on m i l k d i e t s 
had not yet been r e s o l v e d , a t l e a s t not in the minds of Osborne 
and Mendel. In a 1918 p u b l i c a t i o n they s a i d t h a t they were im­
pressed by the "apparent d i s c r e p a n c i e s in the q u a n t i t a t i v e r e l a ­
t i o n s o f the amounts of m i l k r e q u i r e d t o f u r n i s h the v i t a m i n e f a c ­
t o r i n our experiments i n c o n t r a s t w i t h those o f Hopkins." (kk) 
They went on to c l a i m (and j u s t l y so) that a b e t t e r understanding 
of the q u a n t i t a t i v e r e l a t i o n s was h i g h l y d e s i r a b l e . "In view o f 
the r e s u l t s o f Hopkins' experiments i t has become g e n e r a l l y be­
l i e v e d t h a t m i l k i s one of the r i c h e s t sources o f the water-
s o l u b l e v i t a m i n e s among our food p r o d u c t s . " (45_) The experimental 
r e s u l t s shown i n t h i s p u b l i c a t i o n were c e r t a i n l y not in a c c o r d 
w i t h those o f Hopkins i n h i s 1912 paper. 

Osborne and Mendel t r i e d , and a p p a r e n t l y f a i l e d , i n two ad­
d i t i o n a l experiments to r e c o n c i l e t h e i r v a l u e s f o r the q u a n t i t i e s 
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o f m i l k needed w i t h the q u a n t i t i e s claimed by Hopkins. (46, hj) 
What were these i r r e c o n c i l a b l e v a l u e s ? Hopkins claimed t h a t 2 cc 
o f f r e s h whole m i l k would s u f f i c e f o r a young r a t o f 50-100 g 
weight when g i v e n d a i l y . Osborne and Mendel's d e t e r m i n a t i o n s i n ­
d i c a t e d t h a t 10-16 cc o f f r e s h whole m i l k would be needed on a 
d a i l y b a s i s . If one makes a crude e s t i m a t e o f the e q u i v a l e n t 
q u a n t i t i e s necessary f o r young humans, us i n g body weight as the 
major c r i t e r i o n , then a baby o f 5 kg would r e q u i r e about 200 cc 
per day a c c o r d i n g to Hopkins and 1000 to l600 cc per day a c c o r d i n g 
to Osborne and Mendel, j u s t to supply the necessary w a t e r - s o l u b l e 
v i t a m i n ( s ) . (Of course, such c a l c u l a t i o n s assume that no o t h e r 
foods c o n t a i n i n g the v i t a m i n ( s ) were being s u p p l i e d . ) 

During the w i n t e r of 1918/19, w h i l e Mendel was a member o f 
the A l l i e d Food Commission in Europe, he v i s i t e d Hopkins in Cam­
b r i d g e . Upon h i s r e t u r n the two r e s e a r c h groups corresponded on 
the s u b j e c t of the m i l k minimum necessary f o r a growing r a t . In 
December 1919, Osborne and Mendel sent Hopkins a copy o f a paper 
they were going to p u b l i s h , " . . . p r e s e n t i n g our newest e x p e r i e n c e 
w i t h m i l k produced in the summer months." (48) Here, Osborne and 
Mendel were d e a l i n g w i t h the p o s s i b i l i t y that summer m i l k was 
r i c h e r in v i t a m i n e than w i n t e r m i l k , a p l a u s i b l e h y p o t h e s i s s i n c e 
d a i r y c a t t l e a t e very d i f f e r e n t r a t i o n s in the two seasons. Hop­
k i n s was c e r t a i n l y a l e r t to t h i s p o s s i b i l i t y and i n a d d i t i o n , i t 
can be s a i d t h a t e x t e n s i v e research by a number o f people i n v o l v ­
ed w i t h a g r i c u l t u r e and d a i r y i n g i n d i c a t e d t h a t w h i l e f a t - s o l u b l e 
A was s i g n i f i c a n t l y v a r i a b l e w i t h r e s p e c t to season, the water-
s o l u b l e Β appeared to be f a i r l y c o n s t a n t in i t s c o n c e n t r a t i o n i n 
m i l k throughout the year. 

In t h i s same l e t t e r to Hopkins, Osborne and Mendel suggested 
that Hopkins comment on t h e i r new paper o r perhaps even p u b l i s h 
j o i n t l y . 

We s h a l l a l s o be g l a d to have sugges t i o n s as to the best 
way to present our combined r e s u l t s to the p u b l i c . Our 
c h i e f concern i s to a v o i d adding to the confus ion a 1 ready 
e x i s t i n g in respect to t h i s important s u b j e c t . Perhaps 
w i t h the help of our newest experiments you can now put 
the e n t i r e matter o f the growth-promoting e f f e c t of m i l k 
in i t s proper r e l a t i o n s . (49) 

Hopkins r e p l i e d in February 1920, p o l i t e l y d e c l i n i n g any j o i n t 
p u b l i c a t i o n and urged Osborne and Mendel to p u b l i s h t h e i r work i n ­
dependently o f h i s r e s u l t s . 

Let me say at once tha t my e x p e r i e n c e d u r i n g the past 
year has convinced me t h a t you are p e r f e c t l y r i g h t in 
your c o n c l u s i o n t h a t the small q u a n t i t i e s o f mi l k u s e d 
in the experiments p u b l i s h e d i n my paper of 1912 are 
not, under average c o n d i t i o n s , capable o f m a i n t a i n i n g 
growth i n the a n i m a l . N e v e r t h e l e s s I have, w i t h c e r -
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t a i n p r e c a u t i o n , succeeded, in th r e e experiments i n r e ­
producing the r e s u l t s o f the paper i η quest i o n . . . . CI ear 1 y 
however, c o n s i d e r a b l y more m i l k i s r e q u i r e d f o r c o n t i n ­
ued growth a t a h e a v i e r weight. ...You w i l l understand 
t h a t in my J o u r n a l o f P h y s i o l o g y paper I had no idea o f 
d e c i d i n g the a b s o l u t e amount o f m i l k r e q u i r e d to supply 
the demands f o r v i t a m i n e s , but r a t h e r o f emphasising, 
g e n e r a l l y , the importance o f ac c e s s o r y f a c t o r s i n d i e t . 
(50) 

Hopkins a l s o recounted the e x p e r i e n c e s th a t l e d him i n t o the 
acc e s s o r y f a c t o r s problem i n g e n e r a l , a g a i n p l a c i n g emphasis upon 
e x t r a c t i o n o f foods w i t h hot a l c o h o l (80%) in o r d e r t o demonstrate 
the l o s s o f n u t r i t i v e power o f such foods when so e x t r a c t e d . He 
a l s o s a i d t h a t he wished he had had the i n s i g h t i n those days to 
have re c o g n i z e d the e x i s t e n c e o f the two growth f a c t o r s demonstra­
ted by Osborne and Mendel and by McCollum. 

(This w r i t e r would l i k e to know what ' c e r t a i n p r e c a u t i o n s ' 
Hopkins took i n o r d e r to reproduce h i s 1912 r e s u l t s but we s h a l l 
r e t u r n to those r e s u l t s s h o r t l y to see what they meant in the con­
t e x t o f n u t r i t i o n a l s c i e n c e o f the day.) 

In l a t e February 1920, Osborne and Mendel r e p l i e d to Hopkins' 
e p i s t l e i n a manner t h a t b e l i e s t h e i r a c t i v i t i e s : 

I t seems to us t h a t you a t t a c h too much importance to 
the q u a n t i t a t i v e r e l a t i o n s o f m i l k as a source o f the 
w a t e r - s o l u b l e v i t a m i n e . Even though l a r g e r q u a n t i t i e s 
o f m i l k may u l t i m a t e l y be demonstrated to be necessary 
than your o r i g i n a l experiments i n d i c a t e d , we are sure 
t h a t no one w i l l ever t h i n k o f c r i t i c i z i n g your e a r l y 
work on that s c o r e . The e s s e n t i a l importance o f your 
d i s c o v e r y i s i n no way a f f e c t e d . ...Pioneers i n such 
f i e l d s o f i n v e s t i g a t i o n a re not expected to s e t t l e 
q u a n t i t a t i v e l i m i t s a t the o u t s e t o f such d i s c o v e r i e s . 
...Our work was simply designed to e l a b o r a t e your p i -
ioneer i n v e s t i g a t i o n s and d e f i n e the c o n d i t i o n s more 
e x a c t l y than was p o s s i b l e e i g h t o r nine years ago. (51 ) 

Note that Osborne and Mendel b e l i e v e d t h a t l a r g e r q u a n t i t i e s 
o f m i l k would probably be needed to f u r n i s h s u f f i c i e n t v i t a m i n e . 
They may have s a i d t h a t the q u a n t i t a t i v e r e l a t i o n s were not too 
important but they e x e r t e d s i g n i f i c a n t e f f o r t s t o determine those 
r e l a t i o n s . The paper they had sent to Hopkins was p u b l i s h e d i n 
1920 and t h e i r l a s t attempt to d i s c o v e r the q u a n t i t a t i v e r e l a t i o n s 
was p u b l i shed i η 1922. 

In the s p r i n g o f 1921, Hopkins went to the Uni t e d S t a t e s 
where he v i s i t e d , among o t h e r p l a c e s , the l a b o r a t o r i e s o f Osborne 
and Mendel as w e l l as McCollum's now l o c a t e d i n the School o f Pub­
l i c H e a l t h at Johns Hopkins U n i v e r s i t y i n B a l t i m o r e . S h o r t l y a f ­
t e r Hopkins r e t u r n e d to England he r e c e i v e d a note from Mendel i n -
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forming him t h a t a Japanese re s e a r c h group had o b t a i n e d s i g n i f i ­
cant growth of r a t s given 2-3 cc of m i l k on an o t h e r w i s e v i t a m i n 
Β d e f i c i e n t d i e t . (52) 

In 1921 came c o n f i r m a t i o n o f a s o r t in v a l i d a t i n g Osborne and 
Mendel's c l a i m t h a t 10-16 cc of m i l k were needed per day by the 
r a t . Dutcher r e p o r t e d t h a t 10 cc of m i l k o b t a i n e d from cows on 
v i t a m i n e - r i c h r a t i o n s u s u a l l y s u f f i c e d i n f u r n i s h i n g s u f f i c i e n t 
A and Β f o r normal growth, w h i l e l a r g e r q u a n t i t i e s of m i l k produc­
ed on v i t a m i n e - p o o r r a t i o n s were very d e f i c i e n t in both food ac­
c e s s o r i e s . However, w a t e r - s o l u b l e Β d i d not f l u c t u a t e to any 
g r e a t e x t e n t s i n c e most d a i r y animals r e c e i v e d some g r a i n . (53) 

On the o t h e r s i d e of the A t l a n t i c in England, A. D. Stammers 
reported in 1922 t h a t 2 cc o f m i l k added to a basal d i e t of r a t s 
r e s u l t e d i n normal development. Although the experiments were not 
s t r i c t l y comparable to e i t h e r those o f Osborne and Mendel or o f 
Hopkins, they d i d show a s i g n i f i c a n t change in the growth of r a t s 
t h a t had been on an Α-deficient d i e t f o r more than t h r e e months. 
E i g h t of ten r a t s e x h i b i t e d a l l the symptoms of x e r o p h t h a l m i a (an 
eye d i s e a s e brought on by l a c k o f v i t a m i n A). A f t e r r e c e i v i n g 2 
cc of m i l k per r a t per day f o r more than t h r e e months on a d i e t 
t o t a l l y d e f i c i e n t i n v i t a m i n s , the x e r o p h t h a l m i a disappeared and 
the r a t s a l l i n c r e a s e d i n weight. (54) 

At about t h i s time (1922), the c o n f l i c t over q u a n t i t a t i v e r e ­
l a t i o n s of m i l k seems to have disappeared from the s c i e n t i f i c l i t ­
e r a t u r e . So f a r , no s a t i s f a c t o r y o r p l a u s i b l e e x p l a n a t i o n of the 
d i f f e r e n c e s between Hopkins' r e s u l t s and those o f Osborne and 
Mendel has appeared i n the h i s t o r y of n u t r i t i o n a l b i o c h e m i s t r y , 
and t h e r e i s a very r e a l p o s s i b i l i t y t h a t no e x p l a n a t i o n w i l l ever 
be found f o r the simple reason that the need to d i s c o v e r a s o l u ­
t i o n has vanished. (For the moment we w i l l ignore the p o s s i b l e 
s o l u t i o n by a f u t u r e h i s t o r i a n who w i l l move heaven and e a r t h to 
o b t a i n an answer to what was once a v e x i n g problem.) 

In o r d e r to make sense out of the remark tha t the need to 
know has v a n i s h e d , we w i l l t u r n to some s p e c i f i c a s p e c t s of those 
experiments th a t c o u l d not be r e c o n c i l e d , d e r i v e a b i t of under­
s t a n d i n g o f the f o r m i d a b l e nature o f the problem and then r e t i r e 
q u i e t l y , having assured the reader t h a t the author has indeed 
found the " b e s t " o f a l l p o s s i b l e answers. 

Hopkins' 1912 paper (550 i s , at f i r s t g l a n c e , s u p e r l a t i v e , 
s p e c i f i c i n d e t a i l , s t a t i s t i c a l l y v a l i d and graphîcal 1 y p e r s u a s i v e . 
A more thorough study r e v e a l s g l a r i n g o m i s s i o n s , numerous a r i t h ­
m e t i c a l e r r o r s , a l a c k o f some c r i t i c a l d e t a i l s and a s e r i e s o f 
graphs so c o n s t r u c t e d as to be m i s l e a d i n g ( f i v e d i f f e r e n t graph 
s c a l e s to r e p r e s e n t seven graphs.) 

The s t a t i s t i c a l p r e s e n t a t i o n of the p r o t o c o l s i n the Appen­
d i x i s o f enormous val u e to the reader. That i t should be marred 
by a minimum o f 25 a r i t h m e t i c a l e r r o r s i s annoying and makes one 
wonder who d i d the checking o f d a t a , but, as i t t u r n s o u t , the 
o v e r a l l c o n c l u s i o n s o f the paper are not negated by these e r r o r s . 
( U n l e s s , of c o u r s e , a reader i s a complete s k e p t i c and c y n i c to 
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boot, b e l i e v i n g t h a t such a r i t h m e t i c a l f l a w s are i n d i c a t i v e o f ex­
p e r i m e n t a l f l a w s and hence, the e n t i r e paper becomes suspect.) 

Hopkins was c a r e f u l to apply the governing r u l e o f n u t r i t i o n 
to h i s experiments: a l l the d i e t a r i e s were more than adequate w i t h 
r e s p e c t to t h e i r energy c o n t e n t . With r a r e e x c e p t i o n s the r a t s 
used i n h i s s t u d i e s consumed s u f f i c i e n t f o o d , f a t s and carbohy­
d r a t e s i n p a r t i c u l a r , to supply them w i t h the c a l o r i e s deemed nec­
e s s a r y f o r growth. The q u a n t i t i e s o f p r o t e i n and o f m i n e r a l s a l t s 
were a l s o adequate. With a l l t h i s i n mind, a t t e n t i o n can now be 
focused on the s p e c i f i c d i e t s , e x p e r i m e n t a l procedures and r e ­
s u l t s . 

The two d i e t a r i e s employed by Hopkins are l i s t e d as f o l l o w s : 

Pure Casein M i x t u r e " P r o t e n e " M i x t u r e 
(A) (B) 

P r o t e i n 22.0% 21.3% 
Sta r c h 42.0 42.0 
Cane sugar 21.0 21.0 
Lard 12.4 12.4 
S a l t s 2.6 3-3 

The p r o t e i n i n both foods was c a s e i n , the pure c a s e i n being 
a l a b o r a t o r y grade o b t a i n e d from the Merck Co. w h i l e " P r o t e n e " 
was a commercial p r e p a r a t i o n o f c a s e i n , not as p u r i f i e d as the 
Merck's. 

The s a l t s were o b t a i n e d by combustion o f the normal food sup­
p l i e d to r a t s when not under experimenta1 study, namely equal p a r t s 
of o a t s and d o g - b i s c u i t s . The n u t r i e n t c o m p o s i t i o n of the dog 
b i s c u i t s or the o a t s was not g i v e n i n the paper but i t can be as­
sumed t h a t the food was adequate f o r normal growth and develop­
ment of r a t s . 

Both o f the above d i e t s s u p p l i e d almost e x a c t l y 5 Cal/g o f 
energy. Hopkins r e p o r t e d the food consumption o f e x p e r i m e n t a l 
r a t s i n terms of c a l o r i e s per 100 g of l i v e weight o f the a n i m a l s , 
and i t i s a r e l a t i v e l y s i m p l e task to work from t h i s data and ob­
t a i n the a c t u a l food consumption of the a n i m a l s . 

Rather than reproduce the graphs o r p r o t o c o l s e x a c t l y as pub­
l i s h e d , the author has s e l e c t e d some of the data i n r e c a l c u l a t e d 
form in o r d e r to b r i n g out the more s a l i e n t a s p e c t s o f the e x p e r i ­
ments as Table I i l l u s t r a t e s . 

O b s e r v a t i o n s , Anomalies, Comments, I n t e r p r e t a t i o n s 

The p u r i f i c a t i o n of foods w i t h hot a l c o h o l was s p e c i f i e d f o r 
some of the experiments. Hopkins s a i d t h a t when he used e x t r a c t ­
ed d i e t s he a l s o employed s p e c i a l l y p u r i f i e d l a r d but he d i d not 
e x p l a i n how the f a t was p u r i f i e d . 

A s i d e from experiment 7» a l l the o t h e r s were o f s h o r t dura­
t i o n . Furthermore, the r a t s used i n experiment 7 were a l l i n i -
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t i a l l y much h e a v i e r than most o f the o t h e r s i n the remaining ex­
periments. In experiment 7, r a t s r e c e i v i n g m i l k gained more per 
day d u r i n g the f i r s t h a l f o f the time p e r i o d than i n the second, 
w h i l e those on " p r o t e n e " a l o n e gained more than t w i c e as much per 
day i n the second h a l f o f the e x p e r i m e n t a l p e r i o d than i n the 
f i r s t . 

W hile he was not a b l e to supply equal numbers of male and 
female r a t s f o r these s t u d i e s , t h e r e were s u f f i c i e n t r a t s o f both 
sexes t o warrant Hopkins' s t a t i s t i c a l l y d e r i v e d c o n c l u s i o n s t h a t 
a small m i l k addendum i s a growth promoter a t a r a t e f a r i n excess 
o f what might be expected from the a d d i t i o n o f the m i l k f a t , pro­
t e i n s , c a r b o h y d r a t e and s a l t s c o n t a i n e d i n 2-5 cc o f whole m i l k . 

The problems o f i n t e r p r e t a t i o n a r e , as mentioned e a r l i e r , 
m u l t i - f a c t o r e d . The sex, age, weight and general h e a l t h o f the 
r a t s have t o be taken i n t o account as do t h e i r p e d i g r e e s o r genet­
i c makeup. The energy supply o f the n u t r i e n t s must be s u f f i c i e n t 
and the amino a c i d s i n terms o f the p r o t e i n s used must be q u a l i t a ­
t i v e l y adequate. Temperature, r e l a t i v e h u m i d i t y , caging t e c h ­
niques and h a n d l i n g are a l s o important f a c t o r s . Then t h e r e a r e 
the c h a r a c t e r i s t i c s o f the cows from which m i l k was o b t a i n e d . The 
l i s t can be extended but i n s o f a r as he was a b l e , Hopkins appears 
to have taken many o f these f a c t o r s i n t o account. Most impor­
t a n t l y , he used a l a r g e number o f r a t s t o make h i s r e s u l t s s t a t i s ­
t i c a l l y s i g n i f i c a n t by a v e r a g i n g out i n d i v i d u a l d i f f e r e n c e s , l e a d ­
ing to the c o n c l u s i o n t h a t m i l k c o n t a i n s " a c c e s s o r y growth sub­
s t a n c e s . " 

In somewhat l a t e r t e r m i n o l o g y , Hopkins' r a t s were a p p a r e n t l y 
r e c e i v i n g both f a t - s o l u b l e A and w a t e r - s o l u b l e Β i n t h e i r d i e t s . 
The q u e s t i o n i s : W h e r e d i d t h e y get these v i t a m i n e s i n h i s e x p e r i ­
ments? A l i k e l y source i n young r a t s i s the ' s t o r e ' , p o s t u l a t e d 
by Osborne and Mendel, o b t a i n e d d u r i n g the s u c k l i n g p e r i o d . How­
ev e r , based upon present-day knowledge o n l y f a t - s o l u b l e A i s r e ­
t a i n e d i n c e r t a i n f a t t y d e p o s i t s o f the body. Young r a t s , j u s t 
weaned (as most o f Hopkins' r a t s appear to have been, j u d g i n g from 
t h e i r w e i g h t s ) would have v a r i a b l e q u a n t i t i e s o f A i n t h e i r t i s ­
sues and an extrem e l y l i m i t e d source o f w a t e r - s o l u b l e Β which i s 
s t o r e d p o o r l y i n most a n i m a l s . 

S i n c e the premise was t h a t r a t s c o u l d not grow w i t h o u t both 
A and Β (although Hopkins would not have known t h i s i n 1912), then 
any growth whatsoever i n d i c a t e d t h a t some o f the e s s e n t i a l A and Β 
were pre s e n t i n h i s most s u c c e s s f u l d i e t s . 

I t s h o u l d a l s o be s a i d a g a i n t h a t c a s e i n , the complete pro­
t e i n ( i n terms o f i t s amino a c i d c o n t e n t ) , was o b t a i n e d from 
m i l k . Whether h i g h l y p u r i f i e d by the Merck Co. o r not (as i n 
" p r o t e n e " ) , we have noted Hopkins' i ns i stence t h a t o n l y hot a l c o h o l 
c o u l d e x t r a c t the growth substances c o m p l e t e l y . C a s e i n , Hopkins 
b e l i e v e d , c o u l d a l s o adsorb t r a c e amounts of these substances. 
McCollum, Drummond and Osborne and Mendel would a l l demonstrate 
t h a t l a c t o s e , a l s o o b t a i n e d from cow's m i l k , adsorbed v a r i a b l e 
q u a n t i t i e s o f growth promoting m a t e r i a l s . (Anyone who has l e f t a 
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4. B E C K E R Will Milk Make Them Grow? 11 

q u a n t i t y o f m i l k i n a r e f r i g e r a t o r i s aware t h a t m i l k ' p i c k s up' 
odors and f l a v o r s o f o t h e r foods. Most o f these adsorbed s m e l l s 
and t a s t e s a r e found i n company w i t h l a c t o s e a l t h o u g h c a s e i n can 
a l s o adsorb q u i t e w e l l . ) 

Another p o t e n t i a l source o f f a t - s o l u b l e A i n these d i e t s was 
the l a r d . Hopkins s a i d t h a t i t was p u r i f i e d sometimes, but how? 
And, i n the case o f u n p u r i f i e d l a r d , d i d he use l e a f l a r d from 
the back o f the p i g , l a r d known ( l a t e r ) to be l a c k i n g i n A o r d i d 
he use "keg" l a r d , a m i x t u r e o f a l l p i g f a t s , some o f which con­
t a i n f a t - s o l u b l e A? We s i m p l y do not know. 

Keeping a l l t h i s i n mind, Table I can be i n t e r p r e t e d a d i f ­
f e r e n t way. Experiments 2 and 3 showed some growth i n r a t s not 
r e c e i v i n g m i l k . T h e i r l i m i t e d success can be a t t r i b u t e d to a 
small s t o r e o f both A and Β w i t h the Β d e p l e t e d most r a p i d l y . 
There i s a l s o the p o s s i b l e a v a i l a b l i 1 i t y o f very small amounts of 
A and Β not e x t r a c t e d by Hopkins' method. Experiments 5, 6 and 7 
a l l i l l u s t r a t e d t h a t commerical " p r o t e n e " c o n t a i n e d both the A 
and Β f a c t o r s . 

Why, then, were Osborne and Mendel unable to v a l i d a t e Hop­
k i n s ' r e s u l t s ? Why c o u l d n ' t they o b t a i n s i g n i f i c a n t growth u n t i l 
they added 10-16 cc o f whole m i l k per day per r a t to t h e i r d i e t s ? 
Were American r a t s so d i f f e r e n t from E n g l i s h ones? Were E n g l i s h 
d a i r y c a t t l e much more p r o d u c t i v e i n n u t r i e n t s than American ones? 

C a r e f u l s c r u t i n y o f t h e i r p u b l i c a t i o n s , d r a f t m a n u s c r i p t s , 
correspondence, r e c o r d books, idea and p l a n books alo n g w i t h mar­
g i n a l notes made on t h e i r c o p i e s o f v a r i o u s j o u r n a l a r t i c l e s has 
r e s u l t e d i n an h y p o t h e s i s t h a t i s too long to be e l a b o r a t e d i n i t s 
e n t i r e t y . A few b i t s and p i e c e s w i l l s u f f i c e f o r now. F i r s t o f 
a l l , Osborne and Mendel b e l i e v e d t h e i r own e x p e r i m e n t a l r e s u l t s 
and c o n c l u s i o n s to be more c o r r e c t than o t h e r s u n l e s s the o t h e r s 
agreed w i t h them c o m p l e t e l y (not an unusual phenomenon). Second, 
they were convinced t h a t Hopkins 1 experiments were o f too s h o r t a 
d u r a t i o n to t r u l y compare h i s r e s u l t s w i t h t h e i r s i n which p. f. 
m. had been used as a s u c c e s s f u l supplement f o r up to 80 days. 
T h i r d , Osborne and Mendel were convineed o f the p u r i t y o f the d i e t s 
they used. They prepared most o f the p r o t e i n s i n t h e i r own l a b s 
in a d d i t i o n to the p. f . m. I t must have been w i t h some r e l u c ­
tance t h a t they f i n a l l y a d m i t t e d t h a t commerical l a c t o s e o r even 
some o f t h e i r 'home-made' l a c t o s e c a r r i e d growth promoters. 

The matter o f e x p e r i m e n t a l d u r a t i o n vexed them g r e a t l y . They 
had m a i n t a i n e d r a t s w i t h o u t s i g n i f i c a n t growth f o r months on d i e t s 
which, as f a r as they c o u l d see, were e q u i v a l e n t to those o f Hop­
k i n s on which h i s r a t s d i d not s u r v i v e very l o n g . 

With the U n i t e d S t a t e s e v e n t u a l l y e n t e r i n g the war i n Europe 
i n 1917 came the impetus to develop b e t t e r foods t h a t had long 
s h e l f l i v e s . By t h i s date the v i t a m i n e s were f i r m l y entrenched 
in n u t r i t i o n and i t i s not s u r p r i s i n g t h a t g r e a t emphasis was 
p l a c e d upon the p r o d u c t i o n o f m i l k and o t h e r d a i r y p r o d u c t s s i n c e 
everybody knew t h a t m i l k was good f o r you. 

Osborne and Mendel took up the i s s u e o f the v i t a m i n e content 
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of m i l k once again i n 1918 and attempted to reproduce Hopkins' r e ­
s u l t s . At t h i s date they were c e r t a i n t h a t the 'mis s i n g ' v i t a -
mine was w a t e r - s o l u b l e Β so they prepared d i e t s to i n c l u d e about 
3% b u t t e r f a t to supply the necessary A f a c t o r . In t h e i r p u b l i ­
c a t i o n o f 1918 i t i s e v i d e n t t h a t t h e d i e t s were not e x a c t r e p ­
l i c a s o f Hopkins' d i e t a r i e s ; n e v e r t h e l e s s , the c r i t i c a l n u t r i e n t s 
were a v a i l a b l e to the r a t s i n ample q u a n t i t y , o r so i t appeared. 

A g a i n , to s i m p l i f y m a t t e r s , s i g n i f i c a n t data are presented 
in t a b u l a r form (Table I I ) w h i l e the d i e t s a re d e s c r i b e d below. 
Osborne and Mendel d i d not present the l a r g e bodies of s t a t i s t i c a l 
i n f o r m a t i o n as Hopkins d i d so r a t weights and times o f experiment 
must be i n t e r p o l a t e d from the graphs o f r a t growth. 

Because the authors c o m p l i c a t e d the graphs by making many 
changes in the d i e t s , the growth curves are not s i m p l e . There­
f o r e , i n Table ΙΓ w i l l be found o n l y those p o r t i o n s o f the e x p e r i ­
ments in which m i l k was g i v e n as an addendum i n a p p r o x i m a t e l y the 
same q u a n t i t i e s as i n Hopkins' experiments. Two o t h e r p o i n t s 
need to be mentioned. A l l the r a t s used by Osborne and Mendel 
were males and none o f the foods were e x t r a c t e d w i t h a l c o h o l . 

Note that the s a l t s i n d i e t 6 were prepared i n a f a s h i o n sim­
i l a r to the technique used by Hopkins: i n c i n e r a t i o n o f equal 
p a r t s o f o a t s and dogbread. A l s o note t h a t the percentages i n 
Diet 7 add up to 105- The e r r o r was probably i n the f i g u r e f o r 
s t a r c h . 

Osborne and Mendel were c o r r e c t i n b e l i e v i n g t h a t i f cow's 
m i l k p r o v i d e d the necessary v i t a m i n e s i n small q u a n t i t i e s such as 
Hopkins had found to be e f f e c t i v e , t h e i r experiments ought to have 
shown t h i s u n e q u i v o c a l l y even i f the methods and basal d i e t s were 
somewhat d i f f e r e n t . Y e t , they c o u l d not o b t a i n growth i n r a t s as 
Hopkins d i d . Why not? A c a r e f u l study o f Tables I and I I r e v e a l s 
that Osborne and Mendel's r a t s d i d not eat as much t o t a l food per 
day as d i d Hopkins' r a t s . Osborne and Mendel were aware of t h i s 
phenomenon as was Hopkins, presumably. 

But t h i s o n l y adds to the mystery. Exami nat ion o f the growth 
curves o f the 1922 paper i n p a r t i c u l a r shows t h a t r a t s being g i v e n 
a m i l k supplement on a B - d e f i c i e n t d i e t grew p o o r l y i f a t a l l . 
Yet, as Hopkins had found years e a r l i e r and as Osborne and Mendel 
had d i s c o v e r e d on t h e i r own, the a d d i t i o n o f small amounts o f 
yeast or even s m a l l e r q u a n t i t i e s o f a yeast e x t r a c t to the d i e t s 
of such r a t s c o i n c i d e d w i t h an i n c r e a s e d food i n t a k e and a r e l a t ­
ed growth s p u r t . 

At t h i s p o i n t i n 1922 we s h a l l take leave o f the c o n f l i c t i n g , 
annoying and c o n f u s i n g r e s u l t s o f such animal f e e d i n g experiments. 
Let i t s u f f i c e to say that i f the average d a i l y g a i n i n weight i s 
used as a c r i t e r i o n , then Hopkins' r a t s d i d very w e l l indeed. 
But, by way of comparison, today's l a b o r a t o r y r a t s (males) w i l l 
r o u t i n e l y g a i n from 5-0 to 5-7 g per day d u r i n g growth from a 
weight o f about 45 g to 220 g w h i l e consuming 9 to 21 g o f food 
per day. (56) 
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D i e t i 

Casein 18.0% 

S a l t s 4.5 
St a r c h 50.5 
B u t t e r f a t 9-0 
Lard 18.0 

Addendum to Table II 
Composition of D i e t s 

D i e t 2 

E d e s t i n 18.0% 

S a l t s 0.0-4.5 
P. f. m. 28.0-0.0 
S t a r c h 25-48.5 
B u t t e r f a t 9-0 
Lard 20.0 

Di e t 3 

Case i n o r 
E d e s t i n 18.0% 
P. f . m. 0.0-22.4 
S a l t s 4.5-1.0 
S t a r c h 47-7-31.6 
B u t t e r f a t 9-0 
Lard 18-20.0 

D i e t 4 

Casein 18.0% 
M i l k Pwdr. 0.0-48.0 
S a l t s 4.5-1.0 
S t a r c h 50-18.0 
B u t t e r f a t 9-0 
Lard 18.0 

Di e t 5 

Casein 
S a l t s 
S t a r c h 
B u t t e r f a t 9 
Lard 20 

4 
49 

D i e t 6 

Casein 18.0% 
S a l t s 4.5 
St a r c h 50.5 
B u t t e r f a t 9-0 
Lard 18.0 

Di e t 7 

Casein 
S a l t s 
S t a r c h 
B u t t e r f a t 9 
Lard 20 

18% 
4 

54 

N e v e r t h e l e s s , i t i s remarkable t h a t the p i o n e e r s of the v i t a ­
min h y p o t h e s i s were a b l e to do so much when f o r twenty y e a r s o r 
more they had no c l e a r c o n c e p t i o n o f the chemical e n t i t i e s w i t h 
which they were d e a l i n g . C o n t r a d i c t o r y o r n o t , those animal f e e d ­
ing experiments opened up new v i s t a s i n n u t r i t i o n and i n a l l the 
i n t e r v e n i n g y e a r s s i n c e the v i t a m i n h y p o t h e s i s came i n t o being 
t h e r e has not been any s i n g l e 'breakthrough' i n n u t r i t i o n o f com­
p a r a b l e magnitude and o f such p e r v a s i v e i n f l u e n c e . 

The Author Speaks but Hopkins has the Last Word, Almost 

In f o l l o w i n g the c o n t r o v e r s y over v i t a m i n s i n m i l k , I have 
been a i d e d by having many o f Osborne and Mendel's r e c o r d s , i d e a s , 
manuscripts and correspondence at hand, thanks t o the h i s t o r i c a l 
t r a d i t i o n at the C o n n e c t i c u t A g r i c u l t u r a l Experiment S t a t i o n . Per­
haps the Hopkins' papers (such as e x i s t ) would enable me to s o l v e 
the ' q u a n t i t a t i v e r e l a t i o n s ' i s s u e b u t , as s t a t e d e a r l i e r , I do 
not t h i n k i t w i l l ever be s o l v e d . 

In the e a r l y 1920's enough r e l i a b l e i n f o r m a t i o n about v i t a ­
mins had been o b t a i n e d to render the problem unimportant. Many 
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d i f f e r e n t foods were found to c o n t a i n one o r more v i t a m i n s and the 
r o l e o f m i l k i n the d i e t s o f humans, at l e a s t as a s u p p l i e r o f v i ­
tamin B, f e l l i n t o r e l a t i v e u n i m p o r t a n c e . 

Although d a i r y i n t e r e s t s c o n t i n u e to a d v e r t i s e m i l k as the 
' p e r f e c t ' o r h e a r p e r f e c t ' f o o d , the f a c t remains t h a t cows' m i l k 
i s not a very good source o f Β v i t a m i n s i n terms o f percent com­
p o s i t i o n by weight. A f t e r a l l , m i l k s o l i d s c o n s t i t u t e o n l y 12-13% 
of f l u i d m i l k and t h a t means a r a t h e r l a r g e i n t a k e r a t i o o f water 
to s o l i d s (about 7/1), not e x a c t l y i d e a l f o r o b t a i n i n g t r a c e nu­
t r i e n t s such as the Β v i t a m i n s . 

As f a r as Hopkins' Nobel P r i z e i s concerned, he deserved i t 
even though h i s e x p e r i m e n t a l " p r o o f s " c o u l d not be r e p l i c a t e d i n 
a c o n s i s t e n t f a s h i o n . He deserved the p r i z e f o r one reason above 
a l l o t h e r s : p e r s i s t e n c e i n p r o m u l g a t i n g an i d e a . At a time when 
the energy d o c t r i n e c o n t r o l l e d n u t r i t i o n , Hopkins was q u e s t i o n i n g 
i t s a b s o l u t e v a l i d i t y . And w h i l e he was not the f i r s t to do so, 
he was the o n l y one of the e a r l y q u e s t i o n e r s to p r o c l a i m h i s be­
l i e f s i n p r i n t and to p e r s i s t i n a s e a r c h f o r the e l u s i v e 'ac­
c e s s o r y growth f a c t o r s ' , a search t h a t r e q u i r e d not o n l y e x p e r i ­
mental work o f h i s own but a l s o a commitment to urge and t r a i n 
o t h e r s to f o l l o w i n h i s f o o t s t e p s . 

E a r l i e r , I mentioned t h a t C a s i m i r Funk had r a i s e d the i s s u e 
o f p r i o r i t y i n the d i s c o v e r y o f the v i t a m i n s . Hopkins d i d not 
e n t e r i n t o the debate a t the time but he d i d devote a s i g n i f i c a n t 
p a r t o f h i s Nobel Address to Funk and h i s c o n t r i b u t i o n s to the 
v i t a m i n h y p o t h e s i s . With r e s p e c t t o the o t h e r p r i n c i p a l s i n v o l v e d 
in the e a r l y e p i s o d e s o f v i t a m i n r e s e a r c h , i t i s a p p r o p r i a t e to 
see what Hopkins s a i d about them i n Stockholm on t h a t December 
day i n 1929. H i s comments a f f o r d one more i l l u s t r a t i o n o f both 
the c l a r i t y and c o n f u s i o n t h a t dominated h i s 1912 paper. 

In o r d e r to make sense o f t h i s vague statement, l e t me remind 
the reader t h a t i n 1917 McCollum had moved to John Hopkins in 
B a l t i m o r e . Osborne spent h i s e n t i r e p r o f e s s i o n a l c a r e e r at the 
C o n n e c t i c u t A g r i c u l t u r a l Experiment S t a t i o n w h i l e Mendel had been 
a f a c u l t y member o f the S h e f f i e l d School o f P h y s i o l o g i c a l Chemistry 
at Y a l e U n i v e r s i t y . T h e i r j o i n t p u b l i c a t i o n s always r e c o g n i z e d 
the two i n s t i t u t i o n s but somehow, over the y e a r s , i t was Y a l e t h a t 
appeared to be the spawning ground o f t h e i r n u t r i t i o n a l r esearches 
and d i s c o v e r i e s . 

At the c l o s e o f h i s Nobel Address, Hopkins s a i d t h i s about 
McCollum and Osborne and Mendel: 

So prominent indeed was the American work a t t h i s time 
CWorld War IJ and so l a r g e a p r o p o r t i o n d i d i t form o f 
the t o t a l output from 1912 to near the end o f the war 
t h a t , i f I wished to c l a i m t h a t my own p u b l i c a t i o n s ex­
e r t e d any r e a l and e f f e c t i v e i n f l u e n c e i n s t a r t i n g a 
new movement i n the study o f d i e t e t i c s , I s h o u l d have 
to convince myself t h a t they helped to d i r e c t the 
thoughts o f the Harvard and B a l t i m o r e i n v e s t i g a t o r s . ( 5 7 ) 
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W e l l , Hopkins may have been confused i n h i s Y a l e / H a r v a r d ge­
ography and h i s 1912 paper showed t h a t he had problems w i t h s i m p l e 
a d d i t i o n and d i v i s i o n but he c e r t a i n l y knew how to promote m u l t i -
pi i c a t i o n i η r a t s . 

When a l l i s s a i d and done I can respond t o the t i t l e o f t h i s 
paper, W i l l M i l k Make Them Grow? by s a y i n g y e s , sometimes; no, 
f r e q u e n t l y ; and maybe, under c e r t a i n c o n d i t i o n s . Such a d i f f u s e 
and q u a l i f i e d response i s i l l u s t r a t i v e o f the d i f f i c u l t i e s i n ­
herent i n o b t a i n i n g c o n s i s t e n t r e s u l t s w i t h animal f e e d i n g e x p e r i ­
ments d u r i n g the f i r s t two decades o f the t w e n t i e t h c e n t u r y . 
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5 
Charles Holmes Herty 
And the Effort to Establish an Institute for Drug Research 
in Post World War I America 

JOHN PARASCANDOLA 
University of Wisconsin, School of Pharmacy and Department of the History of 
Science, Madison, WI 53706 

This paper discusses the attempt to establish an 
institute for drug research in the United States in 
the period 1918-1930, a campaign that did not 
achieve its original objective but did play a signi­
ficant role in the creation of the National Insti­
tute of Health. The First World War had clearly 
demonstrated American dependence upon German chemi­
cals such as synthetic dyes and drugs, and the 
effort to establish an institute for drug research 
must be viewed in the context of the concern for 
achieving American independence in the chemical 
industry. The story of this effort, which was 
spearheaded by chemist Charles Holmes Herty, helps 
to illuminate certain broader trends in the chemi­
cal and pharmaceutical fields at the time. 

"A few days ago we asked a well-known o r g a n i c c h e m i s t , one 
who has been p a r t i c u l a r l y s u c c e s s f u l i n w o r k i n g out the methods 
f o r the manufacture of c e r t a i n much-needed c o a l - t a r médicinale, 
'Suppose d u r i n g your r e s e a r c h e s you made some new compound which 
you b e l i e v e d would prove more e f f i c a c i o u s a g a i n s t c e r t a i n d i s e a s e s 
than any of the known compounds whose d e t a i l s of manufacture you 
have s o l v e d , where would you t u r n t o have i t t e s t e d t h o r o u g h l y . ' 
He r e p l i e d , f I don't know'" (1). 

The c o n v e r s a t i o n d e s c r i b e d above took p l a c e a t a subway s t a ­
t i o n as the p a r t i c i p a n t s were r e t u r n i n g from a b a s e b a l l game a t 
the P o l o Grounds i n New York i n t h e l a t e summer of 1918. The 
o r g a n i c chemist r e f e r r e d t o was P r o f e s s o r J . R. B a i l e y of the 
U n i v e r s i t y of Texas (2). The n a r r a t o r , who posed t h e q u e s t i o n , 
was Dr. C h a r l e s Holmes H e r t y , E d i t o r of the American Chemical 
S o c i e t y ' s J o u r n a l of I n d u s t r i a l and E n g i n e e r i n g Chemistry. H e r t y 
was r e p o r t i n g on t h i s d i s c u s s i o n i n an e d i t o r i a l i n the September 
1918 i s s u e o f the J o u r n a l , an e d i t o r i a l t h a t was t o s t a r t a cam­
p a i g n t o e s t a b l i s h a n a t i o n a l i n s t i t u t e f o r drug r e s e a r c h . 
A l t h o u g h the p l a n never came t o f r u i t i o n , i t i s w o r t h w h i l e 

0097-6156/83/0228-0085 $06.00/0 
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examining the h i s t o r y of t h i s e f f o r t f o r s e v e r a l r e a sons. I t was 
through the committee t h a t was e s t a b l i s h e d f o r t h i s purpose, f o r 
example, t h a t H e r t y came t o p l a y a key r o l e i n the c r e a t i o n of 
the N a t i o n a l I n s t i t u t e of H e a l t h . The s t o r y of the e f f o r t t o 
e s t a b l i s h such an i n s t i t u t e a l s o h e l p s t o i l l u m i n a t e c e r t a i n 
broader developments o c c u r r i n g w i t h i n the c h e m i c a l and pharmaceu­
t i c a l f i e l d s i n the decade f o l l o w i n g the end of World War I . 

When the F i r s t World War began, the dependence of the U n i t e d 
S t a t e s upon f o r e i g n c o u n t r i e s , e s p e c i a l l y Germany, f o r i t s s u p p l y 
of s y n t h e t i c o r g a n i c c h e m i c a l s such as dyes and drugs soon became 
ob v i o u s . As one r e p r e s e n t a t i v e of a major American p h a r m a c e u t i ­
c a l f i r m l a t e r commented: "B e f o r e the Great War, t h i s c o u n t r y 
cut a s m a l l , i n d e e d , an almost c o n t e m p t i b l e f i g u r e i n the manu­
f a c t u r e of s y n t h e t i c c h e m i c a l s of a l l k i n d s , and p a r t i c u l a r l y i n 
the p r o d u c t i o n of s y n t h e t i c médicinale" ( 3 ) . The U n i t e d S t a t e s 
was not a l o n e i n r e l y i n g on Germany f o r such c h e m i c a l s . About 
n i n e t y p e r c e n t o f the dyes and almost a l l of the c o a l - t a r médi­
c i n a l e used by the B r i t i s h i n the p e r i o d immediately p r e c e e d i n g 
the war were imported from Germany ( 4 ) . The German c h e m i c a l 
i n d u s t r y dominated the s y n t h e t i c o r g a n i c c h e m i c a l f i e l d . 

The s y n t h e t i c drug i n d u s t r y i n Germany had l a r g e l y grown out 
of i t s s t r o n g c o a l - t a r dye i n d u s t r y i n the l a t e n i n e t e e n t h c e n ­
t u r y . Seeking uses f o r the by-products of dye manufacture, t h e s e 
f i r m s , which p i o n e e r e d i n the development of i n d u s t r i a l r e s e a r c h 
l a b o r a t o r i e s , s e t t h e i r c h e m i s t s t o the t a s k of d e v e l o p i n g p r o ­
d u c t s of p h a r m a c o l o g i c a l i n t e r e s t . A ho s t of s y n t h e t i c a n a l g e ­
s i c s , a n t i p y r e t i c s , a n e s t h e t i c s and h y p n o t i c s , such as P h e n a c e t i n , 
A s p i r i n , Novacaine and V e r o n a l , were i n t r o d u c e d onto the market 
by German f i r m s . I n 1910, the f i r s t of the s u c c e s s f u l s y n t h e t i c 
chemotherapeutic a g e n t s , S a l v a r s a n , was i n t r o d u c e d by P a u l 
E h r l i c h , and manufactured by the Hbchst Chemical Works. Used i n 
the treatment of s y p h i l i s and c e r t a i n trypanosome i n f e c t i o n s , i t 
q u i c k l y became one of the most i m p o r t a n t of the p a t e n t e d German 
s y n t h e t i c drugs (_5, 6̂ , 7) · 

As the War i n Europe p r o g r e s s e d , i t became i n c r e a s i n g l y d i f ­
f i c u l t f o r the U n i t e d S t a t e s t o o b t a i n the needed s y n t h e t i c drugs 
and o t h e r c h e m i c a l s from Germany. A f t e r the U n i t e d S t a t e s 
e n t e r e d the c o n f l i c t i n 1917, the Trading-with-the-Enemy A c t was 
passed, g i v i n g the F e d e r a l Trade Commission A u t h o r i t y t o l i c e n s e 
p a t e n t s owned by enemy a l i e n s . S e l e c t e d American f i r m s were 
l i c e n s e d , f o r example, t o manufacture p a t e n t e d s y n t h e t i c drugs 
such as S a l v a r s a n . The War thus p r o v i d e d a s t i m u l u s t o the Amer­
i c a n p h a r m a c e u t i c a l m a n u f a c t u r i n g i n d u s t r y , and prompted a number 
of American companies t o e n t e r the s y n t h e t i c drug market ( 8 ) . 
A f t e r the war ended, the major American p h a r m a c e u t i c a l f i r m s con­
t i n u e d t o produce s y n t h e t i c drugs and made every e f f o r t t o r e t a i n 
t h e i r share of the market. Concern was expressed about the Ger­
mans r e g a i n i n g t h e i r former dominance i n the f i e l d of s y n t h e t i c 
c h e m i c a l s , and t a r i f f l e g i s l a t i o n was passed t o p r o t e c t the 
i n f a n t American s y n t h e t i c dye and drug i n d u s t r i e s i n the domestic 
market (9, 10). 
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In the postwar years a s p i r i t of "chemical boosterism," to 
use a term coined i n a recent h i s t o r i c a l study, emerged i n the 
United States. A group of chemists, chemical journ a l i s t s and 
science popularizers acted as propagandists for the chemical pro­
fession and industry. Their message, delivered with conviction 
to the public through a variety of popular publications, was that 
chemistry was v i t a l to the national defense and to economic pro­
gress. One of the more active of these chemical boosters was 
Charles Holmes Herty, and his ef f o r t s to establish a national 
i n s t i t u t e for drug research must be viewed within this context 
(11). 

Born i n Georgia i n 1867, Herty was the son of a pharmacist 
and o r i g i n a l l y planned to enter his father's profession. After 
graduating from the University of Georgia with a Ph.B. i n 1886, 
however, he decided to undertake advanced study i n chemistry under 
Ira Remsen at The Johns Hopkins University. Herty received his 
Ph.D. from Hopkins i n 1890, and, after a year at the Georgia 
State Experiment Station, joined the faculty of the University of 
Georgia, where he remained for the next decade. During that 
period he took a leave of absence to pursue postdoctoral work at 
the un i v e r s i t i e s of Be r l i n and Zurich. While i n B e r l i n , he 
attended the lectures of the noted synthetic dye chemist Otto 
Witt. 

It was Witt's c r i t i c i s m of the method of co l l e c t i n g turpen­
tine from pine trees i n the American South that stimulate Herty's 
interest i n this subject. Upon returning to the United States i n 
1901, he turned his attention to this problem, and he soon devel­
oped his cup and gutter system, which replaced the old "boxing" 
method. Herty resigned his university post and worked with the 
United States Bureau of Forestry (1902-1904) and lat e r the 
Chattanooga Pottery Company (1904-1905) i n following up on his 
invention, which made him f i n a n c i a l l y secure. 

He returned to teaching i n 1905 when he accepted a c a l l to 
head the Department of Chemistry at the University of North 
Carolina. Herty retained a strong interest i n the p r a c t i c a l 
applications of science, and served as Dean of the School of 
Applied Science at North Carolina from 1908 to 1911. He achieved 
s u f f i c i e n t national prominence to be elected President of the 
American Chemical Society i n 1915 and again i n 1916 (12, 13, 14). 

In his presidential address of 1915, Herty stressed the 
issues that were to occupy his concern for much of the rest of 
his career, c a l l i n g for greater cooperation between universities 
and industry and a strengthening of the American chemical indus­
try (15). When he became editor of the American Chemical Soci­
ety' s Journal of Industrial and Engineering Chemistry i n 1917, he 
was provided with a convenient forum for his preaching of the 
chemical gospel. During the f i v e years i n which he edited t h i s 
journal, Herty energetically promoted the development of American 
chemistry. He campaigned for the establishment of an American 
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s y n t h e t i c o r g a n i c c h e m i c a l i n d u s t r y , f o r p r o t e c t i v e t a r i f f s t o 
enable i t t o s u r v i v e and f l o u r i s h , f o r the a l l o c a t i o n of c h e m i s t s 
t o war work, and f o r t h e c r e a t i o n of t h e Chemical Warfare S e r v i c e 
(16) . 

I t i s thus not s u r p r i s i n g t h a t H e r t y took an i n t e r e s t i n the 
q u e s t i o n of the development and t e s t i n g of c h e m i c a l agents f o r 
the treatment of d i s e a s e . A f t e r the above-mentioned 1918 c o n v e r ­
s a t i o n w i t h B a i l e y s t i m u l a t e d h i s t h i n k i n g on the s u b j e c t , H e r t y 
d e c i d e d t o devote an e d i t o r i a l t o d i s c u s s i n g the need f o r b e t t e r 
p h a r m a c o l o g i c a l l a b o r a t o r y f a c i l i t i e s f o r o r g a n i c chemists t o 
t e s t p o t e n t i a l new m e d i c i n a l c h e m i c a l s . He r e c e i v e d the encour­
agement of Simon F l e x n e r and P. A. Levene of t h e R o c k e f e l l e r 
I n s t i t u t e f o r M e d i c a l Research, whom he c o n s u l t e d about the i d e a 
(17) . 

I n h i s e d i t o r i a l , e n t i t l e d "War Chemistry and the A l l e v i a ­
t i o n of S u f f e r i n g , " H e r t y p o i n t e d out t h a t i n the a r e a of m e d i c i ­
n a l c h e m i s t r y the chemist cannot work a l o n e . He must r e l y on the 
p h a r m a c o l o g i s t and the p h y s i o l o g i s t t o determine the t h e r a p e u t i c 
p o t e n t i a l of a pr o d u c t . C o o p e r a t i o n between the chemist and the 
b i o l o g i s t was thus e s s e n t i a l . H e r t y complained t h a t u n i v e r s i t i e s 
o f t e n l a c k e d t h e funds and t h e n e c e s s a r y s p i r i t of c o o p e r a t i o n t o 
undertake such s t u d i e s , t h a t most m a n u f a c t u r i n g e s t a b l i s h m e n t s 
had inadequate f a c i l i t i e s f o r these purposes, and t h a t government 
l a b o r a t o r i e s s u f f e r e d from i n s u f f i c i e n t a p p r o p r i a t i o n s f o r 
r e s e a r c h . C e r t a i n p r i v a t e l y - e n d o w e d i n s t i t u t i o n s , most n o t a b l y 
the R o c k e f e l l e r I n s t i t u t e , p r o v i d e d t h e a p p r o p r i a t e environment 
f o r such c o o p e r a t i v e r e s e a r c h , but t h e r e were few such i n s t i t u ­
t i o n s and t h e i r c a p a c i t y f o r work was n e c e s s a r i l y l i m i t e d . 

Wartime r e s e a r c h , e.g. on gases and e x p l o s i v e s , had d e v e l ­
oped a corps o f o r g a n i c c h e m i s t s whose t a l e n t c o u l d be a p p l i e d t o 
the r e l i e f of s u f f e r i n g i f one c o u l d d e v i s e an a p p r o p r i a t e mecha­
nism. What was needed f o r t h i s a p p l i c a t i o n , H e r t y argued, was an 
i n s t i t u t i o n , somewhat analagous t o t h e M e l l o n I n s t i t u t e , w i t h 
adequate p r o v i s i o n f o r l a b o r a t o r y t e s t s of a l l k i n d s and t o which, 
through the e s t a b l i s h m e n t of f e l l o w s h i p s , m a n u f a c t u r i n g f i r m s 
c o u l d send p e r s o n n e l f o r w o r k i n g out s p e c i f i c problems. He saw 
t h i s proposed i n s t i t u t i o n c o o p e r a t i n g w i t h u n i v e r s i t y l a b o r a t o ­
r i e s of o r g a n i c c h e m i s t r y and w i t h h o s p i t a l s i n c a r r y i n g out i t s 
work. Such an i n s t i t u t e would a l s o s t i m u l a t e the development of 
more adequate r e s e a r c h f a c i l i t i e s w i t h i n the p h a r m a c e u t i c a l 
i n d u s t r y i t s e l f ( 1 ) . The s p e c i f i c i d e a f o r such an i n s t i t u t e was 
a p p a r e n t l y suggested t o H e r t y by Levene (18, 19). 

H e r t y 1 s e d i t o r i a l c l o s e d by s o l i c i t i n g comments from the 
r e a d e r s h i p . He r e c e i v e d a t l e a s t a few l e t t e r s , but r e c o g n i z e d 
the need t o be more a g g r e s s i v e i n promoting d i s c u s s i o n of t h e 
s u b j e c t . H e r t y thus arranged f o r the November 8, 1918, meeting 
of t h e New York S e c t i o n of the American Chemical S o c i e t y , which 
he s e r v e d as Chairman, t o be devoted t o the t o p i c ( 2 0 ) . Seven 
prominent i n d i v i d u a l s spoke t o the need f o r an i n s t i t u t e f o r 
c o o p e r a t i v e r e s e a r c h as an a i d t o the American drug i n d u s t r y . 
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These i n c l u d e d Johns Hopkins p h a r m a c o l o g i s t John J . A b e l (by 
l e t t e r o n l y , as he c o u l d not a t t e n d ) , R o c k e f e l l e r I n s t i t u t e b i o ­
chemist P. A. Levene, C h i e f of the U.S.D.A. Bureau of Chemistry 
C a r l A l s b e r g , W i s c o n s i n p h a r m a c o l o g i s t A r t h u r Loevenhart (engaged 
a t the time i n c h e m i c a l w a r f a r e w o r k ) , A c t i n g D i r e c t o r of the 
M e l l o n I n s t i t u t e f o r I n d u s t r i a l Research E. R. W e i d l e i n , and two 
i n d u s t r y r e p r e s e n t a t i v e s , Frank E l d r e d of E l i L i l l y and Company 
and D. W. Jayne of t h e B a r r e t t Company. The addresses were pub­
l i s h e d i n the December 1918 i s s u e of the J o u r n a l of I n d u s t r i a l 
and E n g i n e e r i n g C h e m i s t r y , and were a l s o r e p r i n t e d and c i r c u l a t e d 
t o numerous i n d i v i d u a l s whose views were s o l i c i t e d ( 2 1 ) . 

A s i g n i f i c a n t number of l e t t e r s were r e c e i v e d i n response t o 
t h i s r e q u e s t and were p u b l i s h e d i n the J o u r n a l over t h e n e x t few 
months (2 2 ) . B a s i c a l l y a l l o f the corre s p o n d e n t s f a v o r e d t h e 
i d e a of an i n s t i t u t e f o r drug r e s e a r c h , a l t h o u g h they d i f f e r e d 
somewhat i n t h e i r v i s i o n of how i t might o p e r a t e . I n the mean­
t i m e , t h e New York S e c t i o n adopted a r e s o l u t i o n t o r e f e r t h e mat­
t e r t o the A d v i s o r y Committee o f t h e American Chemical S o c i e t y , 
u r g i n g t h a t the proposed i n s t i t u t e be undertaken under t h e aus­
p i c e s of the S o c i e t y . The A d v i s o r y Committee a u t h o r i z e d P r e s i ­
dent W i l l i a m N i c h o l s t o a p p o i n t a committee t o r e p o r t on the 
endowment t h a t would be needed t o support such an i n s t i t u t e and 
t o o u t l i n e t he p o l i c i e s under which i t s h o u l d be op e r a t e d . The 
Committee on t h e I n s t i t u t e f o r Drug Research was a p p o i n t e d i n 
February 1919 w i t h H e r t y , t o nobody's s u r p r i s e , as Chairman. 
Three of the p a r t i c i p a n t s of the New York symposium ( A b e l , Levene, 
and E l d r e d ) were a l s o on t h e Committee, a l o n g w i t h Harvard p h a r ­
m a c o l o g i s t R e i d Hunt, Y a l e chemist T r e a t Johnson, D i r e c t o r of the 
M e l l o n I n s t i t u t e Raymond Bacon, and chemist F. 0. T a y l o r o f P a r k e , 
D a v i s and Company (23, 24). 

The Committee moved q u i c k l y i n t o a c t i o n , h o l d i n g a meeting 
i n New York on February 22 and d e v e l o p i n g a d r a f t r e p o r t by e a r l y 
March. The r e p o r t c a l l e d f o r t he c r e a t i o n of an I n s t i t u t e f o r 
Drug Research w i t h t h r e e major d i v i s i o n s : c h e m i s t r y , pharmacol­
ogy and e x p e r i m e n t a l b i o l o g y ; I t was e s t i m a t e d t h a t an endowment 
of about t e n m i l l i o n d o l l a r s would be needed t o fund an i n s t i t u t e 
o f the s i z e and scope e n v i s i o n e d . The t o t a l proposed s t a f f 
( i n c l u d i n g l a b o r a t o r y a s s i s t a n t s and o f f i c e p e r s o n n e l ) exceeded 
one hundred. The permanent s t a f f would devote i t s e l f t o pure 
r e s e a r c h , but manufacturers would be o f f e r e d f a c i l i t i e s f o r the 
s o l u t i o n of t h e i r s p e c i f i c problems through the c r e a t i o n o f 
i n d u s t r i a l f e l l o w s h i p s . I t was a l s o suggested t h a t t h e i n s t i t u t e 
be c o n t r o l l e d by two bo a r d s , a f i n a n c i a l board of d i r e c t o r s , com­
posed o f a b l e f i n a n c i e r s , and a s c i e n t i f i c board of d i r e c t o r s , 
composed of eminent s c i e n t i s t s . 

The r e p o r t concluded t h a t the f i n a n c i n g of the i n s t i t u t e was 
too g r e a t an u n d e r t a k i n g f o r t h e American Chemical S o c i e t y o r the 
drug m a n u f a c t u r e r s , and t h a t i t was u n d e s i r a b l e t o seek s t a t e o r 
f e d e r a l a i d f o r t he k i n d o f r e s e a r c h contemplated. I n s t e a d , the 
Committee recommended t h a t t h e i n s t i t u t e be p r i v a t e l y endowed, 
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the funds t o be p r o v i d e d by "a b i g - h e a r t e d American or Americans" 
(25, 26, 27). The i d e a of f i n d i n g a r i c h b e n e f a c t o r t o support 
the i n s t i t u t e had a l r e a d y been expressed by H e r t y i n h i s o r i g i n a l 
e d i t o r i a l . Even b e f o r e the Committee had been a p p o i n t e d , A b e l 
v o i c e d a s i m i l a r hope when he wrote t o H e r t y t h a t what was needed 
was t o " f i r e the i m a g i n a t i o n of some o l d m i l l i o n a i r e who i s about 
t o j o i n h i s a n c e s t o r s and wishes t o put h i s m i l l i o n s t o the b e s t 
p o s s i b l e use" ( 2 8 ) . T h i s hope of f i n d i n g a "sugar daddy" t o 
b a n k r o l l the p r o j e c t , however, was d e s t i n e d never t o be r e a l i z e d . 

A p p a r e n t l y not a l l of the members of the Committee were s a t ­
i s f i e d w i t h the d r a f t r e p o r t , f o r H e r t y i n d i c a t e d t h a t s e v e r a l 
had made imp o r t a n t s u g g e s t i o n s f o r changes. He t h e r e f o r e c a l l e d 
another meeting of the group a t the American Chemical S o c i e t y 
meeting i n B u f f a l o on A p r i l 9. The meeting was t o f o l l o w a spe­
c i a l symposium, sponsored by the P h a r m a c e u t i c a l D i v i s i o n , on "The 
P o s s i b i l i t i e s o f Drug Research" (29, 30). Frank T a y l o r , a member 
of H e r t y 1 s Committee, was Chairman o f the D i v i s i o n , and f e l t t h a t 
such a t o p i c was t i m e l y i n l i g h t of the r e c e n t d i s c u s s i o n s con­
c e r n i n g the proposed i n s t i t u t e f o r drug r e s e a r c h ( 3 1 ) . 

The Committee was not t o a c t u a l l y develop the f i n a l v e r s i o n 
of i t s r e p o r t , however, u n t i l more than two y e a r s l a t e r , and when 
i t d i d e v e n t u a l l y appear t h e scope of t h e r e p o r t and of the p r o ­
posed i n s t i t u t e had been c o n s i d e r a b l y expanded. One r e a s o n f o r 
the d e l a y was t h a t H e r t y found h i m s e l f becoming occupied w i t h 
more p r e s s i n g m a t t e r s i n 1919, and no doubt had l e s s time t o 
devote t o the work of the Committee. As S e c r e t a r y of the Dye 
A d v i s o r y Committee of the War Trade Board, H e r t y became i n v o l v e d 
i n the n e g o t i a t i o n s c o n c e r n i n g the purchase of German d y e s t u f f s 
through the A l l i e d R e p a r a t i o n s Commission. He was chosen t o go 
abroad t o arrange f o r the purchase and shipment of dyes not 
a v a i l a b l e from domestic manufacturers (32). H e r t y a l s o became a 
p a r t i c i p a n t i n the post-war s t r u g g l e f o r t a r i f f l e g i s l a t i o n t o 
p r o t e c t the American dye i n d u s t r y (33, 34, 35). 

C r i t i c i s m s of the proposed i n s t i t u t e began t o appear i n 1919, 
and perhaps a l s o s e r v e d t o d i s t r a c t H e r t y t o some e x t e n t . The 
c r i t i c i s m s would appear t o have stemmed a t l e a s t i n p a r t from 
i n t e r p r o f e s s i o n a l r i v a l r i e s . I n A p r i l the Chicago Chemical B u l ­
l e t i n , a p u b l i c a t i o n of the Chicago S e c t i o n of the American 
Chemical S o c i e t y , p u b l i s h e d a c r i t i q u e of the proposed i n s t i t u t e 
t h a t p e r p l e x e d and concerned H e r t y . A l t h o u g h unsigned, the a r t i ­
c l e was w r i t t e n by Dr. P a u l N i c h o l a s Leech, a chemist on the 
s t a f f of the American M e d i c a l A s s o c i a t i o n ( 3 6 ) . W h i l e g r a n t i n g 
the m e r i t s of an i n s t i t u t e f o r drug r e s e a r c h , Leech c h a s t i z e d the 
proponents of the p l a n f o r " k e e p i n g t h e I n s t i t u t e r i g i d l y under 
the c o n t r o l of the American Chemical S o c i e t y . " The c l o s e cooper­
a t i o n of p h y s i c i a n s would be needed f o r the c l i n i c a l t r i a l s 
e s s e n t i a l i n the t e s t i n g of any new drug, y e t o r g a n i z e d m e d i c i n e 
was l a r g e l y d i s r e g a r d e d , Leech complained, i n the meetings and 
p u b l i s h e d o p i n i o n s c o n c e r n i n g the proposed i n s t i t u t e . No o f f i ­
c i a l r e p r e s e n t a t i v e of the American M e d i c a l A s s o c i a t i o n was asked 
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to participate i n these proceedings, i n spite of the fact that the 
Association's Council on Pharmacy and Chemistry had been concerned 
with the problem of evaluation of drugs since i t was founded i n 
1905. Surely the Council had a better grasp of the synthetic drug 
situation, Leech continued, than the Mellon Institute or even the 
Rockefeller Institute, both of which were represented. 

Organized pharmacy had also been consulted only " i n some 
sl i g h t measure." Leech did not favor a research center controlled 
by any one group or element, and suggested that a cooperative ven­
ture involving the American Medical Association and the American 
Pharmaceutical Association, as well as the American Chemical 
Society, would be more successful. 

There were two other factors that seem to have also played a 
role i n Leech's attack on the proposed i n s t i t u t e . Working i n the 
A.M.A.'s Chemical Laboratory, he was involved i n the work of eval­
uating drugs carried out under the auspices of the Council on 
Pharmacy and Chemistry, and thi s experience had obviously made him 
wary of the pharmaceutical and chemical industries. His a r t i c l e 
i n the Chicago Chemical B u l l e t i n suggested that only a r e l a t i v e l y 
few of the synthetic drugs from Germany were therapeutically valu­
able. The demand for many others, according to Leech, had been 
a r t i f i c i a l l y stimulated by "clever advertising." He did not wish 
to see American chemists flooding the market with "semi-scientific 
medicaments" (37). In an a r t i c l e on "American-Made Synthetic 
Drugs" i n the Journal of the American Medical Association l a t e r 
that same year, Leech elaborated further on this potential hazard 
of the i n s t i t u t e for drug research: "In view of the agitation to 
found an i n s t i t u t i o n for cooperative research as an aid to the 
American drug industry under the auspices of the American Chemical 
Society, i t w i l l be well for the medical profession to be on i t s 
guard against too enthusiastic propaganda on the part of those 
engaged i n the laudable enterprise of promoting American chemical 
industry. Unless i t i s , i t may be i n f l i c t e d i n the future, as in 
the past, with a large number of drugs that are either useless, 
harmful or unessential modifications of well-known pharmaceuti­
c a l s " (38). 

The American Chemical Society was closely i d e n t i f i e d with the 
chemical industry. Even John Abel, a member of Herty's Committee 
and a staunch supporter of the proposed i n s t i t u t e , expressed some 
concern that the Society was largely controlled by commercial 
interests (30). Abel's own professional organization, the Ameri­
can Society for Pharmacology and Experimental Therapeutics, 
founded i n 1908 largely at his i n i t i a t i v e , did not even accept 
industry pharmacologists into i t s membership (39). On the other 
hand, industry supporters of the project tended to favor keeping 
the control of the i n s t i t u t e i n the hands of the A.C.S. (30, 40). 
One industry representative wrote to Herty that he f e l t that 
pharmaceutical manufacturers would "look with distrust and anxiety 
upon any arrangement which would allow o f f i c i a l appointees of the 
A.M.A. to play too prominent a part i n the organization and 
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government of this proposed new i n s t i t u t i o n " (40). The r e l a t i o n ­
ship between the American Medical Association and the pharmaceuti­
c a l industry was not a p a r t i c u l a r l y harmonious one at the time. 
In 1915, a committee of the A.M.A. Board of Trustees had expressed 
the need for i n s t i t u t e s for pharmacological research i n t h i s coun­
try, but warned against "commercialism" i n this f i e l d , concluding 
that: " I t i s only from laboratories free from any relations with 
manufacturers that r e a l advances can be expected" (41). 

F i n a l l y , Leech may also have tended to see the proposed 
i n s t i t u t e as a project of the "Eastern establishment." He noted 
that the p r i n c i p a l agitators for the project appeared to be 
i n f l u e n t i a l members of the New York section and referred to the 
need to remind the "Eastern chemists" that they could not d i s r e ­
gard physicians (37). university of Chicago chemist Julius 
S t i e g l i t z , who was sympathetic to Herty 1s plan, f e l t that the 
approval of the publication of Leech's cri t i q u e by the e d i t o r i a l 
board of the Chicago Chemical B u l l e t i n was an indication of the 
feeling on the part of many "Western" chemists that chemical 
a c t i v i t i e s were too centralized i n the East (42). A.C.S. Secre­
tary Charles Parsons also saw sectionalism as a factor i n the 
Bulletin's e d i t o r i a l stand (43). It may have been i n an ef f o r t to 
counter this c r i t i c i s m that S t i e g l i t z was eventually added to the 
Herty Committee. 

Cr i t i c i s m of the proposed i n s t i t u t e also came from another 
quarter, namely from the ranks of organized pharmacy. Already i n 
December of 1918, Edward Kremers of the University of Wisconsin 
School of Pharmacy, one of the nation's leading pharmaceutical 
educators and a researcher i n plant chemistry, wrote to Frank 
Eldred of E l i L i l l y and Company about the i n s t i t u t e for drug 
research. Kremers complained: "But why should American pharma­
ce u t i c a l manufacturers support an i n s t i t u t i o n fostered by the 
American Chemical Society when pharmaceutical i n s t i t u t i o n s are i n 
the greatest need of a l l the f i n a n c i a l support i n sight. I trust 
that our pharmaceutical manufacturers w i l l prove true to their 
own c a l l i n g f i r s t " (44). 

Kremers also asked whether the American Pharmaceutical Asso­
c i a t i o n was going to take a back seat to the A.C.S. again. He 
apparently wrote to several other manufacturers voicing a similar 
message (45). A number of other pharmacy leaders joined Kremers 
i n expressing opposition to the proposed plan. One of the most 
vocal of these c r i t i c s was H. V. Arny of the New York College of 
Pharmacy. In an e d i t o r i a l i n the December 1918 issue of the 
Journal of the American Pharmaceutical Association, Arny called 
for involvement of the A.Ph.A. i n the establishment of the pro­
posed i n s t i t u t e (46). At the May 1919 meeting of the Philadelphia 
Section of the American Chemical Society, Arny was more c r i t i c a l 
of the proposal. He expressed concern l e s t "commercial influences 
creep i n and ruin the f a i r e d i f i c e about to be erected." He also 
attacked the proposers for trying to make the i n s t i t u t e primarily 
a creature of the American Chemical Society, and argued instead 
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for the project to be conducted under the j o i n t auspices of the 
A.C.S., the A.Ph.Α., and such national medical associations as 
might be decided upon. Arny envisioned the i n s t i t u t e including a 
department of pharmacy, as well as departments of chemistry, phar­
macology and p r a c t i c a l therapeutics (47). 

The American Pharmaceutical Association also had hopes of 
developing a research endowment of i t s own at this time, and some 
of i t s leaders may have seen the proposed i n s t i t u t e as a r i v a l for 
funds. A.Ph.A. President George Beringer had called for the crea­
tion of an endowment fund for pharmaceutical research i n his 
presidential address i n 1914 (48). In August of 1917, the A.Ph.A. 
Council established a research fund (49), and shortly thereafter 
Arny was appointed Chairman of a newly-created research committee 
(50). Although i t was not u n t i l early 1920 that the A.Ph.A. Exe­
cutive Committee formally proposed the formation of a research 
endowment, with plans c a l l i n g for the s o l i c i t a t i o n of funds from 
industry and other sources (51), i t i s l i k e l y that the idea of 
s o l i c i t i n g contributions for an endowment fund was already i n the 
minds of some when the research fund and committee was estab­
lished. 

Perhaps more important than the potential competition for 
funds, however, was a concern on the part of some pharmacy leaders 
that many s c i e n t i s t s f a i l e d to acknowledge pharmacy as a branch of 
science. Pharmacy's pride had just been dealt a severe blow 
during the F i r s t World War when the armed forces refused to recog­
nize i t as a profession. Whereas physicians, dentists, engineers 
and other s c i e n t i f i c a l l y - t r a i n e d personnel were almost always com­
missioned, pharmacists served i n a l l sorts of capacities outside 
their f i e l d and were almost never commissioned (52, 53). The 
i n i t i a t i v e by the A.C.S. i n the area of drug research, without the 
consultation of organized pharmacy, was seen by some as further 
evidence of the lack of respect for pharmacy and the A.Ph.A. Arny 
complained that to certain chemists pharmacy was considered to be 
merely the running of r e t a i l drug stores, and he reminded these 
individuals that the A.Ph.A. was older than the A.C.S. and that 
the pages of i t s Proceedings and Journal were f i l l e d with examples 
of pharmaceutical research (47). George Beal, although himself a 
Professor of Chemistry at the University of I l l i n o i s , also 
lamented the tendency of chemists to b e l i t t l e the claims of phar­
macy to a place among the s c i e n t i f i c professions. Beal, the son 
of noted pharmacist J. H. Beal, had received his early training 
i n pharmacy and remained sympathetic to and active i n the f i e l d . 
He viewed Herty's proposal as implying that the A.C.S. was the 
only s c i e n t i f i c society capable of dealing with problems of drug 
research, and l i k e Arny, he came to the defense of the A.Ph.A. 
(54). 

One f i n a l c r i t i c of the Herty proposal should be mentioned, 
namely Francis E. Stewart, Director of the S c i e n t i f i c Department 
of the H. K. Mulford Company. Stewart had been trained i n both 
pharmacy and medicine, and had worked i n both academia and 
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i n d u s t r y . H i s o b j e c t i o n s t o t h e p l a n c e n t e r e d l a r g e l y around h i s 
i d e n t i f i c a t i o n of t h e A.C.S. w i t h the c h e m i c a l i n d u s t r y and w i t h 
the p a t e n t i n g of m e d i c i n a l c h e m i c a l s . A l t h o u g h h i m s e l f an 
employee of a p h a r m a c e u t i c a l f i r m , Stewart had l o n g campaigned f o r 
a r e f o r m i n American p a t e n t laws i n o r d e r t o p r o h i b i t t h e p a t e n ­
t i n g o f drug p r o d u c t s (55, 5 6 ) . He had no o b j e c t i o n t o manufac­
t u r e r s p r o t e c t i n g t h e i r i n t e r e s t s by p a t e n t i n g p r o c e s s e s and 
machinery, but f e l t t h a t p r o d u c t p a t e n t s a c t u a l l y d i s c o u r a g e d 
i n n o v a t i o n and c o m p e t i t i o n and were not i n the p u b l i c i n t e r e s t . 
Stewart a l s o o b j e c t e d t o what he b e l i e v e d were abuses i n a d v e r ­
t i s i n g and trademarks on the p a r t of c e r t a i n commercial i n t e r e s t s , 
c i t i n g t h e German c h e m i c a l houses as examples. He r a i s e d t h e 
q u e s t i o n as t o whether the A . C . S . - a s s o c i a t e d p l a n might not s e r v e 
m a i n l y t o promote the commercial i n t e r e s t s of the m a n u f a c t u r e r s of 
pate n t e d c h e m i c a l p r o d u c t s ( 5 7 ) . 

Stewart suggested t h a t a drug r e s e a r c h i n s t i t u t e would be a 
v a l u a b l e a s s e t i f i t were p l a c e d on an a l t r u i s t i c b a s i s and n o t 
e x p l o i t e d f o r commercial purposes. L i k e Leech and Arny, he saw a 
need t o b r i n g m e d i c i n e and pharmacy i n t o the p l a n . He a l s o 
argued f o r an i n s t i t u t e t h a t would e v a l u a t e a l l t y p e s of m a t e r i a 
medica p r o d u c t s , not j u s t s y n t h e t i c drugs (57, 5 8 ) . I n f a c t , 
Stewart had f o r y e a r s argued the need f o r a bureau o r agency t o 
e v a l u a t e t h e t h e r a p e u t i c v a l u e of new remedies ( 5 9 ) . A l t h o u g h he 
p r a i s e d the work of t h e A.M.A. 's C o u n c i l on Pharmacy and Drugs, he 
d i d not f e e l t h a t i t c o m p l e t e l y f u l f i l l e d t h i s purpose. One of 
the f u n c t i o n s of t h e American Pharmacologic S o c i e t y , which he 
founded i n 1906, was t o c a r r y out i n v e s t i g a t i o n s , w i t h the cooper­
a t i o n of m a n u f a c t u r e r s , on the t h e r a p e u t i c and p h y s i o l o g i c a l 
a c t i o n of drugs, but t h i s p l a n never got v e r y f a r i n p r a c t i c e (57, 
58). 

S t e w a r t ' s f i r m was h e a v i l y i n v o l v e d i n the p r o d u c t i o n of b i o -
l o g i c a l s such as t h e d i p h t h e r i a a n t i t o x i n , and t h i s gave him 
another r e a s o n f o r c r i t i c i z i n g H e r t y ' s emphasis on s y n t h e t i c chem­
i c a l s . I n a memo t o M u l f o r d P r e s i d e n t M i l t o n Campbell r e g a r d i n g 
the H e r t y p l a n , Stewart argued t h a t the proposed i n s t i t u t e would 
f a v o r the use of p a t e n t e d c h e m i c a l drugs over t r a d i t i o n a l pharma-
c o p e i a l remedies and b i o l o g i c a l p r o d u c t s , thus h u r t i n g the com­
pany's b u s i n e s s ( 6 0 ) . 

R e t u r n i n g t o the work o f t h e Committee i t s e l f , i t s e f f o r t s 
were g i v e n a renewed s t i m u l u s i n 1920 when F r a n c i s Garvan, P r e s i ­
dent of t h e Chemical F o u n d a t i o n , became i n t e r e s t e d i n the proposed 
i n s t i t u t e . The Chemical Foundation had been c r e a t e d i n 1919 t o 
handle the l i c e n s i n g of f o r e i g n c h e m i c a l p a t e n t s abrogated d u r i n g 
the war and t o promote c h e m i c a l i n d u s t r y and r e s e a r c h w i t h the 
p r o f i t s so d e r i v e d ( 6 1 ) . Garvan and t h e F o u n d a t i o n p l a y e d a cen­
t r a l r o l e i n the " c h e m i c a l b o o s t e r i s m " r e f e r r e d t o e a r l i e r ( 1 1 ) . 
Having l o s t a c h i l d h i m s e l f t o i n f e c t i o u s d i s e a s e , Garvan was a l s o 
a s t r o n g s u p p o r t e r of m e d i c a l r e s e a r c h ( 6 2 ) . 

Garvan o f f e r e d the Committee $50,000 t o be used t o b r i n g the 
p l a n s f o r the i n s t i t u t e i n t o more d e f i n i t e shape, and perhaps 
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toward i n i t i a t i o n of certain phases of the work (63). On October 
11, 1920, he met with the Committee i n New York to discuss the 
project. Garvan f e l t that the Committee should take the time to 
develop "a thoroughly systematic survey of the country 1s 
resources, present e f f o r t s , l i n e s of coordination, and suggestions 
for more concentrated e f f o r t " i n the form of a def i n i t e report 
that would outline a program for the application of chemistry to 
medicine. He pledged the support of the Chemical Foundation i n 
the development of such a report (64). 

At this meeting, i t was decided to appoint a subcommittee to 
prepare a draft of "a report i n popular language of the best means 
of promoting chemical science for the prevention and cure of d i s ­
ease" (64). As eventually appointed by Herty, the subcommittee 
consisted of Herty himself as e x - o f f i c i o Chairman, S t i e g l i t z , 
Johnson, Hunt and Eldred (65). Presumably under the influence of 
Garvan and the Chemical Foundation, the scope of the research 
i n s t i t u t e envisioned by the Committee was thus broadened beyond 
the area of drug research. In l i n e with this development, Herty 
wrote to A.C.S. President Edgar Fahs Smith i n January 1921 to 
request that the name of the Committee be changed to "Committee on 
Institute for Chemo-Medical Research" (66). At about this same 
time, incidentally, P. A. Levene resigned from the Committee for 
reasons that are not clear, and was replaced by Dr. Carl Alsberg, 
then Chief of the Bureau of Chemistry, United States Department of 
Agriculture (6(6, 67̂ , 68). 

By A p r i l of 1921, the subcommittee's draft report was ready 
to be circulated to the larger Committee (69). The major r e v i ­
sions that were made i n the draft seem to have resulted from 
Abel's concern that the report contained too much of a one-sided 
chemical viewpoint, with the medical side often revealing only a 
su p e r f i c i a l acquaintance with the subject. He feared that there 
were too many positive statements with respect to therapeutics and 
fundamental problems i n the l i f e sciences that medical s c i e n t i s t s 
could object to (70, 71). Abel's c r i t i c i s m s were taken into 
account, and the revised report was unanimously approved by the 
f u l l Committee by early August of 1921 (72). The report was pub­
lished by the Chemical Foundation i n late 1921 as "The Future 
Independence and Progress of American Medicine i n the Age of 
Chemistry" (73). Herty l a t e r commented: "I put more of my heart 
into that document than into any piece of work i n my l i f e " (74). 

The report discusses the importance of chemistry i n medicine, 
the need for cooperative research i n this area, the lack of ade­
quate f a c i l i t i e s i n the United States, the superior situation i n 
other countries, and so on. No s p e c i f i c solution i s proposed, 
however, just a plea for cooperative research (73). The ef f o r t s of 
the Chemical Warfare Service, with which several members of the 
Committee had been associated, were pointed to as an example of 
productive cooperative research between physical and b i o l o g i c a l 
s c i e n t i s t s (as discussed by Daniel Jones i n his paper i n this 
volume). What happened to the proposed research inst i t u t e ? At 
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f i r s t the discussion of the i n s t i t u t e and the endowment needed to 
fund i t was pushed back into an appendix, and then i t was deleted 
e n t i r e l y from the published report. 

The reason for this deletion was that Garvan f e l t that the 
report would carry more weight i f i t was directed to the general 
subject of cooperation between chemists, pharmacologists and b i o l ­
ogists, rather than towards the founding of any d e f i n i t e i n s t i t u ­
t ion. It was decided that s p e c i f i c information on the proposed 
i n s t i t u t e would be printed separately as a special pamphlet and 
put into the hands of those who indicated an active interest i n 
the subject. This separate pamphlet was to be used as a part of 
the campaign to secure funding for a chemo-medical i n s t i t u t e . The 
plan that i t presented for a research i n s t i t u t e was almost i d e n t i ­
c a l to that developed by the Committee i n 1919 (75, 76., 77). 

Almost a m i l l i o n copies of the published report were d i s t r i ­
buted by the Chemical Foundation to doctors, heads of women's 
organizations, l e g i s l a t o r s and other public o f f i c i a l s , heads of 
commercial organizations, educators, l i b r a r i e s , etc. The Founda­
ti o n spent more than $80,000 i n the publication and d i s t r i b u t i o n 
of the report (78). The object, of course, was to stimulate wide­
spread interest i n the need for chemo-medical research. 

The Committee continued to function after the publication of 
the report, but held no meetings nor took any s i g n i f i c a n t action 
for the next few years. The published report appears to have 
stimulated interest and commendation, but no funds were f o r t h ­
coming to establish a research i n s t i t u t e (78, 79). In the mean­
time, Herty had given up his position with the American Chemical 
Society i n 1921 to become President of the newly-created Synthetic 
Organic Chemical Manufacturers Association. In this position, he 
could continue to work to promote the development of the synthetic 
organic chemical industry i n this country (12, 13). 

Apparently the Committee's report proved useful to a number 
of u n i v e r s i t i e s i n fund-raising e f f o r t s for chemical research 
(78, 79). Georgetown University actually did undertake to estab­
l i s h an i n s t i t u t e for chemo-medical research on i t s campus 
beginning about 1925, and i n 1931 i n i t i a t e d such a project, appar­
ently on a rather small scale, with the aid of support from the 
Chemical Foundation and of Garvan personally (80, 81). The lack 
of progress i n establishing an independent i n s t i t u t e of the size 
and scope envisioned by the Committee, however, must have been 
somewhat fru s t r a t i n g to Herty. 

Then i n 1926 an event took place that changed the entire 
thrust of the Committee's a c t i v i t i e s . Senator Joseph Ransdell of 
Louisiana became interested i n the proposal for an i n s t i t u t e for 
chemo-medical research and requested a copy of the Committee's 
report (82, 83). Ransdell had served as Chairman of the Senate 
Committee on Public Health and National Quarantine, and had been 
responsible for the establishment of a national leprosarium i n 
his state. He was thus no stranger to public health issues (84). 

Ransdell was enthusiastic about the idea of introducing a 
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b i l l t o e s t a b l i s h a government-sponsored m e d i c a l r e s e a r c h i n s t i ­
t u t e . H e r t y t o l d him f r a n k l y t h a t t h e Committee had c o n s i d e r e d 
t h i s p o s s i b i l i t y , but had concluded t h a t a p r i v a t e l y - e n d o w e d 
i n s t i t u t e would be p r e f e r a b l e . He d i d agree, however, t o c o n s u l t 
the Committee members about the ma t t e r . R a n s d e l l p o i n t e d out t h a t 
t h e r e was p r o b a b l y l i t t l e l i k e l i h o o d of g e t t i n g such a b i l l passed 
i n l i g h t of the budget s i t u a t i o n , but suggested t h a t the p u b l i c i t y 
generated by the h e a r i n g s would be u s e f u l t o the cause (85, 86). 

R a n s d e l l was not the f i r s t p u b l i c o f f i c i a l t o suggest t h a t 
the Committee t u r n t o the government f o r support of the proposed 
i n s t i t u t e , but He r t y and h i s c o l l e a g u e s had c o n s i s t e n t l y r e s i s t e d 
such s u g g e s t i o n s . I n 1922, f o r example, Senator M o r r i s Sheppard 
of Texas wrote t o He r t y o f f e r i n g t o i n t r o d u c e a b i l l i n t o the 
Senate f o r the e s t a b l i s h m e n t of a c h e m i c a l r e s e a r c h l a b o r a t o r y , 
but the Committee a p p a r e n t l y never f o l l o w e d up on t h i s o f f e r ( 8 7 ). 
When p h y s i c i s t Harvey C u r t i s of the N a t i o n a l Bureau of Standards 
wrote t o He r t y i n t h a t same ye a r s u g g e s t i n g government s p o n s o r s h i p 
f o r t h e i n s t i t u t e , H e r t y r e p l i e d t h a t he f e l t t h a t an endowed 
i n s t i t u t e would be a " b e t t e r p l a n " ( 8 8 ) . I n i t s p u b l i s h e d r e p o r t , 
the Committee had expressed i t s o p i n i o n t h a t i t was u n l i k e l y t h a t 
chemists i n government l a b o r a t o r i e s would be " l e f t f r e e from r o u ­
t i n e o r l a w - e n f o r c i n g problems s u f f i c i e n t l y l o n g t o ac c o m p l i s h 
much fundamental work." Moreover, the r e p o r t c o n t i n u e d , p u b l i c 
funds " a r e o n l y a p p r o p r i a t e d f o r s p e c i f i c purposes and the neces­
s a r y freedom f o r work on fundamental p r i n c i p l e s would, t h e r e f o r e , 
be p r a c t i c a l l y i m p o s s i b l e i n a Government i n s t i t u t e " ( 8 9 ) . That 
not a l l of the members of th e Committee were so n e g a t i v e about 
r e s e a r c h i n government l a b o r a t o r i e s , however, i s suggested by the 
support r e a d i l y g i v e n t o R a n s d e l l ' s p l a n by some of them, as noted 
below. 

The Committee's r e a c t i o n t o R a n s d e l l ' s p r o p o s a l was mixed. 
For example, T a y l o r and Johnson b o t h were v e r y much i n c l i n e d 
a g a i n s t any C o n g r e s s i o n a l a c t i o n , p r e f e r r i n g t o s t a y w i t h the p l a n 
f o r a p r i v a t e l y - e n d o w e d i n s t i t u t i o n . A b e l agreed t h a t he would 
p r e f e r t o see the i n s t i t u t e e s t a b l i s h e d under a p r i v a t e g r a n t , but 
f e l t t h a t the p u b l i c i t y t h a t would be generated i f a b i l l were 
i n t r o d u c e d i n t o Congress c o u l d h e l p t he movement. S t i e g l i t z f e l t 
t h a t R a n s d e l l s h o u l d be encouraged, b e l i e v i n g t h a t any r e s e a r c h 
i n s t i t u t e w i t h adequate f u n d i n g was b e t t e r t h a n none. Hunt and 
A l s b e r g , b o t h of whom had worked i n government l a b o r a t o r i e s , 
s t r o n g l y f a v o r e d the Senator's p l a n (90-95). 

H e r t y communicated the mixed o p i n i o n s of the Committee t o 
R a n s d e l l . The Senator i n d i c a t e d t h a t he agreed t h a t a p r i v a t e l y -
endowed i n s t i t u t e was d e s i r a b l e , and t h a t h i s i n t e n t i o n was t o 
c a l l a t t e n t i o n t o the need f o r such an i n s t i t u t i o n w i t h the hope 
t h a t some wealt h y i n d i v i d u a l s would s t e p forward t o fund i t (96, 
97). On J u l y 1, 1926, R a n s d e l l d i d i n t r o d u c e a b i l l i n t o the 
Senate c a l l i n g f o r the e s t a b l i s h m e n t of a N a t i o n a l I n s t i t u t e of 
H e a l t h w i t h i n the U n i t e d S t a t e s P u b l i c H e a l t h S e r v i c e (98, 9 9 ) . 

Whatever may have been the o r i g i n a l i n t e n t i o n s of H e r t y and 
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R a n s d e l l , the b i l l t o e s t a b l i s h a N a t i o n a l I n s t i t u t e of H e a l t h 
q u i c k l y became f o r them much more than j u s t an e f f o r t t o p u b l i c i z e 
the campaign f o r a p r i v a t e l y - s u p p o r t e d r e s e a r c h i n s t i t u t e . P e r ­
haps H e r t y was t i r e d of w a i t i n g f o r a r i c h m i l l i o n a i r e t o endow 
h i s p et p r o j e c t , and f i n a l l y d e c i d e d t o t u r n t o h i s Uncle Sam. 
He may a l s o have been i n f l u e n c e d by F r a n c i s Garvan. I n 1926 
He r t y l e f t h i s j o b as P r e s i d e n t of the S y n t h e t i c Organic Chemical 
M a n u f a c t u r e r s A s s o c i a t i o n t o become f u l l - t i m e a d v i s o r t o the Chem­
i c a l F o undation. One of the l i n e s of work t h a t Garvan asked him 
t o c o n c e n t r a t e on was the " v i g o r o u s development of a co n c e r t e d 
and t h o r o u g h l y comprehensive b a c k i n g f o r Senator R a n s d e l l ' s b i l l " 
(100) . I t may be, of c o u r s e , t h a t H e r t y i n t e r e s t e d Garvan i n the 
b i l l , but h a v i n g the support of h i s employer no doubt was an 
encouragement t o him i n h i s e f f o r t s on b e h a l f o f the b i l l . I n a 
speech d e l i v e r e d i n 1927, H e r t y now argued t h a t i t would not be i n 
the " t r u e American s p i r i t " t o aw a i t the l a r g e s s of t h e r i c h t o 
fund such an i n s t i t u t e . A l l c i t i z e n s a r e s u b j e c t t o i l l n e s s , he 
co n t i n u e d , and the f i n a n c i n g of m e d i c a l r e s e a r c h i s thus a mat t e r 
f o r " u n i t e d a c t i o n by a l l our p e o p l e " ( i . e . , f o r t a x support) 
(101) . 

Over the next s e v e r a l y e a r s , H e r t y campaigned hard f o r the 
e s t a b l i s h m e n t of the N a t i o n a l I n s t i t u t e o f H e a l t h . He made 
speeches on the s u b j e c t , l o b b i e d p u b l i c o f f i c i a l s , and persuaded 
the American Chemical S o c i e t y and o t h e r o r g a n i z a t i o n s t o support 
the b i l l (101-104). H e r t y was a l s o one of the key speakers a t the 
h e a r i n g s t h a t were f i n a l l y h e l d on the R a n s d e l l b i l l i n 1928, and 
ot h e r members of h i s Committee a l s o p a r t i c i p a t e d i n th e s e h e a r i n g s 
(105). At the h e a r i n g s , H e r t y admitted t h a t he had o r i g i n a l l y 
f e l t t h a t such an i n s t i t u t i o n s h o u l d n ot be under government aus­
p i c e s , but t h a t he had s i n c e changed h i s mind. When asked whether 
h i s change of o p i n i o n was r e l a t e d t o the d i f f i c u l t y o f o b t a i n i n g 
the money f o r a p r i v a t e i n s t i t u t i o n , he r e p l i e d : "No; not a t 
a l l . . . " (106). One cannot h e l p but wonder, however, whether the 
Committee's f a i l u r e t o f i n d a p r i v a t e c i t i z e n w i l l i n g t o back the 
v e n t u r e d i d not p l a y some r o l e i n H e r t y ' s change of h e a r t . 

The l e g i s l a t i v e e f f o r t was e v e n t u a l l y s u c c e s s f u l , i n no s m a l l 
p a r t due t o the i n f l u e n c e of H e r t y , and the N a t i o n a l I n s t i t u t e o f 
H e a l t h e s t a b l i s h e d i n 1930 (107). A l t h o u g h i t was not the p r i ­
vately-endowed r e s e a r c h i n s t i t u t e t h a t H e r t y ' s Committee had i n 
mind, the Committee was a p p a r e n t l y s a t i s f i e d t h a t i t c o u l d accom­
p l i s h many of the same purposes. H e r t y s u b m i t t e d h i s f i n a l r e p o r t 
as Chairman t o the A.C.S. P r e s i d e n t i n March 1931, and the Com-
mitee was disbanded (108). A l t h o u g h the o r i g i n a l g o a l of e s t a b ­
l i s h i n g an i n s t i t u t e of drug r e s e a r c h was never a c c o m p l i s h e d , t h e 
Committee's e f f o r t s had s e r v e d t o p u b l i c i z e t h e importance of 
r e s e a r c h i n areas such as m e d i c i n a l c h e m i s t r y and pharmacology and 
ai d e d s i g n i f i c a n t l y i n t h e campaign t o e s t a b l i s h t h e N a t i o n a l 
I n s t i t u t e of H e a l t h . 
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6 
Sulfanilamide and Diethylene Glycol 

JAMES HARVEY YOUNG 
Emory University, Department of History, Atlanta, GA 30322 

In 1937 the S. E. Massengill Company in Tennessee 
marketed a liquid dosage form of sulfanilamide, un­
aware that the solvent used, diethylene glycol, was 
poisonous. Before the Food and Drug Administration 
could track down this "Elixir Sulfanilamide", 107 
persons had died. The manufacturer was assessed the 
largest fine ever levied under the Food and Drugs Act 
of 1906. The crisis prompted research in the FDA's 
division of pharmacology which developed a statis­
t ically based method for determining the comparative 
toxicity of compounds. The episode was also re­
sponsible for a provision in the Food, Drug, and 
Cosmetic Act of 1938 requiring that the safety of new 
drugs must be established prior to marketing, a 
precedent later applied to pesticides, food and color 
additives, and medical devices. 

In a pr o m o t i o n a l brochure sent t o p h y s i c i a n s i n October 
1937, the S. E. M a s s e n g i l l Company of B r i s t o l , Tennessee, 
announced "A New S u l f a n i l a m i d e " U_). "Our r e s e a r c h department 
has j u s t r e l e a s e d an E l i x i r S u l f a n i l a m i d e , " the r e p o r t r e a d , "40 
grs to the f l u i d o u n c e . I t i s i d e a l f o r your p a t i e n t s who can take 
l i q u i d s — b u t l i t t l e e l s e . A l s o , i t i s not unpleasant to t a k e , so 
i s s u i t a b l e f o r c h i l d r e n . The c o l o r i s b r i l l i a n t r e d . . . . " 

Thus began the ma r k e t i n g o f a t h e r a p e u t i c s o l u t i o n t h a t 
mixed two che m i c a l compounds, one the f i r s t drug to combat 
e f f e c t i v e l y b a c t e r i a l i n f e c t i o n s , the ot h e r a power f u l p o i s o n . 
The p r e s c r i b i n g o f E l i x i r S u l f a n i l a m i d e caused over a hundred 
d e a t h s , many o f them o f c h i l d r e n ; provoked n a t i o n a l p a n i c ; and 
spurred a des p e r a t e e f f o r t , l e d by the Food and Drug Ad­
m i n i s t r a t i o n , t o t r a c k down the l e t h a l " e l i x i r " and to remove i t 
from d r u g s t o r e s and homes. In the lon g e r r u n , the E l i x i r 
S u l f a n i l a m i d e d i s a s t e r l e f t i t s mark on r e g u l a t o r y law, and hence 
on p h a r m a c e u t i c a l m a n u f a c t u r i n g , and prompted s i g n i f i c a n t i n ­
n o v a t i o n i n t o x i c o l o g y . 

0097-6156/83/00228-0105 $06.25/0 
© 1983 American Chemical Society 
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S u l f a n i l a m i d e 

By the mid-1930s most r e s e a r c h e r s and c l i n i c i a n s concerned 
w i t h i n f e c t i o u s d i s e a s e s had abandoned hope t h a t c h e m i c a l agents 
would ever be d i s c o v e r e d to pr o v i d e e f f e c t i v e treatment f o r 
b a c t e r i a l i n f e c t i o n s (£, _3). The optimism o f the t e e n s , spurred 
by P a u l E h r l i c h ' s p i o n e e r i n g chemotherapy f o r s y p h i l i s , had l e d 
to many e f f o r t s i n Europe and America to devel o p ch e m i c a l 
s y n t h e t i c drugs t h a t would combat germs i n the body, but t h i s 
optimism had waned, b a t t e r e d by a s e r i e s o f f a i l u r e s , drugs 
g l o w i n g l y a n n o u n c e d — e s p e c i a l l y i n G e r m a n y — t h a t w i t h e x p e r i e n c e 
had not proved out. E m i l von Behring*s o l d d i c t u m had r e g a i n e d 
c u r r e n c y : " i n n e r d i s i n f e c t i o n i s a v a i n dream" (2^). 

T h e r e f o r e , Gerhardt Domagk's announcement o f P r o n t o s i l i n 
1935 (4, _5) sparked scant i n i t i a l i n t e r e s t and the u s u a l 
s k e p t i c i s m . The B r i t i s h b a c t e r i o l o g i s t Ronald Hare assumed 
P r o n t o s i l to be " [ a ] n o t h e r o f those damned compounds from Germany 
w i t h a tra d e name and of unknown c o m p o s i t i o n t h a t are no use 
anyway" ( 6 ) . Domagk's d a t a were too s k e t c h y , h i s p e r f e c t r e s u l t s 
i n animal experiments too p a t , the accompanying c l i n i c a l r e p o r t s 
too resonant w i t h a t e s t i m o n i a l tone (2^). 

French s c i e n t i s t s at the Past e u r I n s t i t u t e , however, 
promptly d i s p e l l e d some o f P r o n t o s i l ' s mystery, s p l i t t i n g the 
m olecule i n t o a red dye component and an o l d c h e m i c a l , s u l f a n i l a ­
mide, i t s 1909 patent long s i n c e lapsed G O . The s u s p i c i o n arose 
t h a t Domagk, an I. G. F a r b e n i n d u s t r i e r e s e a r c h e r , had r e ­
d i s c o v e r e d s u l f a n i l a m i d e , and t h a t the manufacturer had h e l d i t 
o f f the market u n t i l i t c o u l d be presented i n a new, complex, 
d i s g u i s e d , and p a t e n t a b l e form (2^ 2> · Whether or not the 
s u s p i c i o n was t r u e , the French s c i e n t i s t s , by showing t h a t 
s u l f a n i l a m i d e was the t h e r a p e u t i c a l l y a c t i v e f r a c t i o n of Pron­
t o s i l , s h a t t e r e d the g i g a n t i c Germany company's p r o f i t a b l e p l a n s . 

P e r s u a s i v e p r o o f o f s u l f a n i l a m i d e ' s t r u e a n t i b a c t e r i a l 
prowess came from Leonard Colebrook and h i s team o f r e s e a r c h e r s 
i n the m a t e r n i t y ward o f Queen C h a r l o t t e ' s H o s p i t a l i n London (_7, 
8, 9 ) . Managing t o o b t a i n samples o f P r o n t o s i l l a t e i n 1935, 
Colebrook q u i c k l y demonstrated the drug's remarkable e f f e c t i v e ­
ness i n c u r b i n g p u e r p e r a l f e v e r . The u t i l i t y was soon expanded to 
o t h e r severe s t r e p t o c o c c a l i n f e c t i o n s . 

Colebrook announced h i s p r o m i s i n g r e s u l t s d u r i n g the summer 
of 1936 a t an i n t e r n a t i o n a l congress of m i c r o b i o l o g y i n London 
(_3, 6 ) . P e r r i n H. Long of the Johns Hopkins U n i v e r s i t y , a t t e n d i n g 
the c o n f e r e n c e , l e a r n e d o f Colebrook's p r e s e n t a t i o n and c a b l e d 
the news to h i s c o l l e a g u e s . On September 1 he and E l e a n o r A. 
B l i s s began experiments w i t h mice, w i t h such p r o m i s i n g r e s u l t s 
t h a t a week l a t e r Long t r e a t e d a c h i l d d e s p e r a t e l y i l l w i t h 
e r y s i p e l a s , a woman w i t h i n f e c t i o n f o l l o w i n g an a b o r t i o n , and 
then many more severe cases o f s t r e p t o c o c c a l i n f e c t i o n (3, 10, 
11 ). Long and B l i s s had not yet p u b l i s h e d t h e i r encouraging 
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r e s u l t s when Long r e c e i v e d a telephone c a l l from E l e a n o r 
R o o s e v e l t ( 3 ) . 

F r a n k l i n D. R o o s e v e l t , J r . , h i s mother s a i d , l a y d e s p e r a t e l y 
i l l i n Massachusetts G e n e r a l H o s p i t a l . The d o c t o r s thought he 
might be d y i n g . An i n f e c t i o n i n h i s t h r o a t had spread t o h i s 
s i n u s e s and was now, c a r r i e d through h i s b l o o d , e n g u l f i n g h i s 
body. 

A week l a t e r , on December 16 , 1936, young R o o s e v e l t 1 s 
p h y s i c i a n , George L o r i n g Tobey, J r . , t o l d r e p o r t e r s t h a t h i s 
p a t i e n t had responded " b e a u t i f u l l y " t o treatment w i t h a t r a d e 
form o f s u l f a n i l a m i d e and was now out o f danger (12). H i s mother 
and f i a n c e e E t h e l duPont had l e f t h i s b edside f o r the f i r s t time 
i n n e a r l y t h r e e weeks. H e a d l i n e s the n a t i o n over c a r r i e d the 
news. "Young R o o s e v e l t Saved by New Drug," r e p o r t e d the New York 
Times, and the next day, i n an e d i t o r i a l , h e r a l d e d "DOMAGK's 
d i s c o v e r y as the o u t s t a n d i n g t h e r a p e u t i c achievement of the l a s t 
decade" ( 1 3 ) . Under s i m i l a r c i r c u m s t a n c e s a decade e a r l i e r 
C a l v i n C o o l i d g e , J r . , had d i e d o f s t r e p t o c o c c a l i n f e c t i o n Ο). 
F r a n k l i n D. R o o s e v e l t , J r . , s u r v i v e d , r e c o v e r e d , graduated from 
Harvard the next June, and a week l a t e r m a r r i e d M i s s duPont ( 14 , 
1 5 ) . 

The R o o s e v e l t case h e l p e d t r i g g e r the " e x p l o s i v e suddenness" 
(16) w i t h which American p h y s i c i a n s and the American p u b l i c 
g e n e r a l l y developed a widespread i n t e r e s t i n s u l f a n i l a m i d e . 
Chemical manufacturers began t o produce the raw drug and s e l l i t 
t o p h a r m a c e u t i c a l f i r m s which processed i t i n t o p i l l s and 
ca p s u l e s f o r d i s t r i b u t i o n t o p h y s i c i a n s and pha r m a c i s t s (17). At 
l e a s t a hundred f i r m s were making p r o p r i e t a r y brands o f s u l ­
f a n i l a m i d e t a b l e t s i n 1937, among them the M a s s e n g i l l Company. 
Use o f the drug q u i c k l y assumed tremendous p r o p o r t i o n s . , P u b l i c 
i n t e r e s t quickened f u r t h e r w i t h the r e p o r t t h a t s u l f a n i l a m i d e 
c o u l d cure gonorrhea, news t h a t s u r f a c e d amidst a major P u b l i c 
H e a l t h S e r v i c e campaign a g a i n s t v e n e r e a l d i s e a s e ( 1J$). T h i s l e d , 
d e s p i t e PHS warni n g s , t o widespread s e l f - d o s a g e w i t h s u l f a n i l a ­
mide secured from d r u g g i s t s ' w i t h o u t a p h y s i c i a n ' s p r e s c r i p t i o n . 
The hazards o f such s e l f - d o s a g e became i n c r e a s i n g l y apparent as 
adverse r e a c t i o n s which c o u l d r e s u l t from s u l f a n i l a m i d e ' s use 
began t o be r e c o g n i z e d and r e p o r t e d i n the m e d i c a l l i t e r a t u r e 
( 1 9 ) . 

The m a j o r i t y o f s t r e p t o c o c c a l i n f e c t i o n s o c c u r r e d i n c h i l ­
d r e n under t e n , so the new drug proved a p a r t i c u l a r b l e s s i n g t o 
the v e r y young ( 2 0 ) . The b i g t a b l e t s o f s u l f a n i l a m i d e c o u l d be 
a d m i n i s t e r e d s u c c e s s f u l l y i n h o s p i t a l s t o a l l but the s m a l l e s t 
b a b i e s . Most s i c k c h i l d r e n , however, r e c e i v e d treatment at home, 
and mothers found i t d i f f i c u l t t o get them to swallow l a r g e p i l l s . 
T h i s c i r c u m s t a n c e seemed t o c a l l f o r a l i q u i d dosage form. A 
number o f attempts t o f i n d a s u i t a b l e v e h i c l e , however, proved 
u n a v a i l i n g . 
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D i e t h y l e n e G l y c o l 

Success a t f i n d i n g a s o l v e n t f o r s u l f a n i l a m i d e , which had 
e luded o t h e r s , q u i c k l y crowned the e f f o r t s o f Ha r o l d Cole 
W atkins, c h i e f c h e m i s t , c h i e f p h a r m a c i s t , t r o u b l e - s h o o t e r , and 
dev e l o p e r o f new formulas a t the M a s s e n g i l l Company (2_1, 22). 
L e a r n i n g from a company salesman t h a t a good market awaited a 
l i q u i d dosage form, Watkins s e t t o work i n J u l y 1937 and i n a few 
days developed a for m u l a . He knew from h i s r e a d i n g t h a t g l y c o l s 
possessed remarkable s o l v e n t p r o p e r t i e s , and the company had 
found t h i s c l a s s o f c h e m i c a l s s a t i s f a c t o r y , «used i n v e r y s m a l l 
amounts, i n s e v e r a l o t h e r drugs. So Watkins sought t o d i s s o l v e 
s u l f a n i l a m i d e i n d i e t h y l e n e g l y c o l and found t h a t he c o u l d 
d i s s o l v e as much as 75 g r a i n s i n a s i n g l e f l u i d o u n c e . When 
c h i l l e d , however, the drug tended t o s e p a r a t e out. So Watkins 
d e c i d e d on a r a t i o o f 40 g r a i n s per ounce. M i x i n g 80 g a l l o n s o f 
water and 60 g a l l o n s o f d i e t h y l e n e g l y c o l , Watkins added 58 1/2 
pounds o f s u l f a n i l a m i d e powder, p l u s s m a l l q u a n t i t i e s o f e l i x i r 
f l a v o r , s a c c h a r i n , c a r amel, amaranth s o l u t i o n , and r a s p b e r r y 
e x t r a c t . He then sent h i s " E l i x i r S u l f a n i l a m i d e " — a k i n i n c o l o r 
t o the o r i g i n a l P r o n t o s i l — t o the company's " c o n t r o l l a b o r a t o r y , " 
where the new product was checked f o r appearance, f l a v o r , and 
f r a g r a n c e , and approved. Commercial d i s t r i b u t i o n began from 
B r i s t o l on September 4, and s h o r t l y a f t e r w a r d s from the company's 
branch p l a n t i n Kansas C i t y , t o which the f o r m u l a had been sent 
( 2 3 ) . 

Watkins had made no t e s t s whatsoever to assess the t o x i c i t y 
o f e i t h e r the s e p a r a t e i n g r e d i e n t s o r the c o m b i n a t i o n o f i n ­
g r e d i e n t s i n the f i n a l f o rmula (21, 22^). He l a t e r s t a t e d t h a t 
t h e r e was no p o i n t i n making t e s t s , s i n c e the a c t i o n o f the 
i n g r e d i e n t s was w e l l understood ( 2 2 ) . The g l y c o l s , r e l a t e d t o 
g l y c e r i n e , had been w i d e l y used by drug companies, and, Watkins 
a v e r r e d , were w e l l known not t o be t o x i c . 

Theodore Klumpp, the Food and Drug A d m i n i s t r a t i o n ' s c h i e f 
m e d i c a l o f f i c e r , who i n t e r v i e w e d Watkins soon a f t e r d i s a s t e r 
s t r u c k , expressed amazement a t the chemist's " r e v e l a t i o n o f 
ign o r a n c e " (22^). For anyone a l e r t t o the l i t e r a t u r e , w arning 
s i g n s abounded. 

E t h y l e n e g l y c o l was f i r s t prepared i n France i n 1859, and 
d i e t h y l e n e g l y c o l soon t h e r e a f t e r , but p r i o r t o 1925, when a 
p l a n t was e r e c t e d i n West V i r g i n i a t o produce g l y c o l s , these 
c h e m i c a l s possessed l i t t l e commercial importance ( 2 4 ) . T h e i r 
main uses were to lower the f r e e z i n g p o i n t o f dynamite, t o c o o l 
a i r p l a n e e n g i n e s , and t o p r o t e c t automobile r a d i a t o r s from 
f r e e z i n g . D i e t h y l e n e g l y c o l , however, d i d not work w e l l as an 
a n t i f r e e z e : i t s success as a s o l v e n t , which Watkins p r i z e d , made 
i t u n s u i t a b l e , f o r i f s p i l l e d i t would d i s s o l v e a c a r ' s p a i n t . 
The h y g r o s c o p i c p r o p e r t i e s o f d i e t h y l e n e g l y c o l gave i t a r o l e as 
humectant f o r tobacco, p r i n t i n g i n k , g l u e , c e l l o p h a n e , and, i n 
minute q u a n t i t i e s , f o r t o o t h p a s t e and drug ampules. 
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For some years p r i o r t o W a t k i n s 1 employment of d i e t h y l e n e 
g l y c o l , the Food and Drug A d m i n i s t r a t i o n had a d v i s e d a g a i n s t the 
use o f g l y c o l s o l v e n t s i n foods, d e c l a r i n g t h a t d e f i n i t e , 
comprehensive c o n c l u s i o n s as t o the p h y s i o l o g i c a l a c t i o n o f these 
che m i c a l s c o u l d not be reached on the b a s i s o f e x i s t i n g s c a n t y 
r e s e a r c h (25). The primary manufacturer, Carbon and C a r b i d e 
Chemicals C o r p o r a t i o n , had c o n s i s t e n t l y d i s c o u r a g e d use o f d i ­
e t h y l e n e g l y c o l i n e i t h e r food o r drugs ( 2 6 ) . B e g i n n i n g i n 1931 
more e x p l i c i t r e p o r t s o f the poisonous n a t u r e o f the c h e m i c a l 
appeared i n m e d i c a l j o u r n a l s (27.» 28). The p o i n t about Watkins, 
however, was not j u s t t h a t he d i d not know the r e l e v a n t 
l i t e r a t u r e ; he d i d not take elementary p r e c a u t i o n s and t e s t f o r 
t o x i c i t y . 

Dawn of D i s a s t e r 

On October 11, American M e d i c a l A s s o c i a t i o n o f f i c i a l s i n 
Chicago r e c e i v e d two t e l e g r a m s , one from the p r e s i d e n t o f the 
T u l s a County M e d i c a l S o c i e t y i n Oklahoma, the o t h e r from the 
S p r i n g e r C l i n i c of T u l s a (Z3, 29, 30). S i x deaths had o c c u r r e d 
f o l l o w i n g the a d m i n i s t r a t i o n o f E l i x i r S u l f a n i l a m i d e - M a s s e n g i l l . 
What, the telegrams i n q u i r e d , was the c o m p o s i t i o n o f t h i s drug? 

The ΑΜΑ r e p l i e d immediately. No product made by the 
M a s s e n g i l l Company had been accepted by the ΑΜΑ 1s C o u n c i l on 
Pharmacy and C h e mistry, a body c r e a t e d i n 1905 t o t e s t the c l a i m s 
o f p r o p r i e t a r y m edicines s o l d o r p r e s c r i b e d through p h y s i c i a n s 
(23, 31). Nor had the C o u n c i l r e c o g n i z e d any s o l u t i o n o f 
s u l f a n i l a m i d e . S i m u l t a n e o u s l y , the ΑΜΑ t e l e g r a p h e d the Massen­
g i l l Company i n B r i s t o l r e q u e s t i n g the formula (22). The company 
com p l i e d , a s k i n g , however, t h a t the c o m p o s i t i o n be regarded as a 
t r a d e s e c r e t and be kept c o n f i d e n t i a l . D i e t h y l e n e g l y c o l became 
immediately s u s p e c t , i t s presence v e r i f i e d by the ΑΜΑ i n the 
f i r s t sample o f the d e a t h - d e a l i n g drug rushed from T u l s a t o 
Chicago. The ΑΜΑ a l s o secured a g a l l o n o f the E l i x i r from 
M a s s e n g i l l and bought more on the open market i n T u l s a , which i t 
used i n p r e l i m i n a r y animal experiments t o demonstrate the drug's 
poisonous p o t e n t i a l . 

Deaths i n T u l s a mounted, and a S t . L o u i s p a t h o l o g i s t 
r e p o r t e d a s e r i e s o f deaths a c r o s s the M i s s i s s i p p i R i v e r i n E a s t 
St. L o u i s ( 3 2 ) . M o r r i s F i s h b e i n , e d i t o r o f the J o u r n a l o f the 
American M e d i c a l A s s o c i a t i o n , wrote a warning to appear i n the 
October 23 i s s u e ( 2 9 ) , and on October 18 met w i t h r e p o r t e r s t o 
g i v e them an advance copy of the t e x t ( 2 3 ) . The press and r a d i o 
q u i c k l y a l e r t e d the n a t i o n t o the c a t a s t r o p h e i n p r o g r e s s . The 
ΑΜΑ arranged f o r more p r o b i n g r e s e a r c h r e g a r d i n g E l i x i r S u l ­
f a n i l a m i d e ' s t o x i c i t y , t u r n i n g t o P e r r i n Long at Johns Hopkins 
and h i s c o l l e a g u e , Ε. K. M a r s h a l l , J r . , who had d i s c o v e r e d 
s u l f a n i l a m i d e ' s mode of a c t i o n i n the body, and t o Ε. M. K. 
G e i l i n g , P a u l R. Cannon, and Ε. M. Humphreys of the U n i v e r s i t y o f 
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Chicago (2!, 23). The ΑΜΑ also established l i a i s o n with the Food 
and Drug Administration. 

FDA had received i t s f i r s t word of the Tulsa deaths on 
October 14 in a telephone inquiry from a New York physician 
associated with a pharmaceutical company (23). Immediately the 
agency sent inspectors to Tulsa from Kansas City ( 3 3 ) . They 
learned that suspicions had surfaced on October 7 when autopsy 
cases began to accumulate, . a l l revealing kidney degeneration, 
with anuria having preceded death. The symptoms resembled 
mercuric chloride poisoning, except for the absence of e n t e r i t i s 
and l i v e r damage. E l i x i r Sulfanilamide had been found to be the 
drug common to the nine deaths so far discovered, eight of them 
among children being treated for strep throats, the ninth an 
adult male with gonorrhea. The county medical society had 
appointed a committee of inquiry and had urged the Tulsa Retail 
Druggists Association to suspend s e l l i n g E l i x i r Sulfanilamide. A 
Tulsa pathologist had confirmed the drug's t o x i c i t y on guinea 
pigs. 

The inspectors had been invited to attend a postmortem 
examination of the adult man. His kidneys were "excessively 
enlarged," about f i f t y percent larger than normal. "Clotted, 
purplish congestion" appeared "on [the] periphery of [the] 
kidneys." Samples of E l i x i r Sulfanilamide collected by the 
inspectors were sent to Central D i s t r i c t headquarters in Chicago 
( 3 3 ) . 

The S. E. Massengill Company 

The f i r s t reports from Tulsa led the FDA to dispatch the 
agency's chief medical o f f i c e r , Theodore G. Klumpp, accompanied 
by an inspector, William T. Ford, from Cincinnati, to the plant in 
B r i s t o l at which E l i x i r Sulfanilamide had been conceived and 
f i r s t prepared (2J_, 22). 

The S. E. Massengill Company, the largest pharmaceutical 
company in the South, had begun in 1897 as a partnership between 
two brothers, one of whom had died in 1926 (34, 35). The 
survivor, Samuel Evans Massengill, a man in his s i x t i e s , con­
tinued to manage the firm. Massengill admired his ancestry: in 
1769 a direct forebear had become the second permanent white 
s e t t l e r in what would later be Tennessee, and Massengill's father 
had served in the Confederate cavalry before attending medical 
school and l i v i n g out his l i f e as a country doctor and raiser of 
gaited horses. 

Massengill himself had been graduated from the University of 
Nashville Medical School, but had not practiced, launching his 
drug manufacturing firm instead (37^). This venture had pros­
pered. By 1937 the firm made a wide array of drugs for human and 
animal use, including many private formulas for physicians and 
druggists (32, 36). Manufacturing was done in the B r i s t o l and 
Kansas City plants, and the company also had d i s t r i b u t i n g o f f i c e s 
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i n New York and San F r a n c i s c o ( 3 4 ) . Some f i v e hundred employees 
worked f o r M a s s e n g i l l , i n c l u d i n g a c o r p s o f 160 d e t a i l men t o make 
i t s p r o d u c t s known. M a s s e n g i l l drugs went o v e r s e a s , e s p e c i a l l y 
t o L a t i n America and Egypt (35^). Prompt s e r v i c e was a M a s s e n g i l l 
h a l l m a r k . S. E. M a s s e n g i l l enjoyed an e x c e l l e n t r e p u t a t i o n i n 
h i s community, and B r i s t o l c i v i c l e a d e r s and p h y s i c i a n s s t a u n c h l y 
supported him i n h i s time o f t r o u b l e s which had j u s t begun ( 3 8 ) . 

Through most o f the years t h a t the Food and Drugs A c t o f 1906 
had been i n e f f e c t , e n f o r c e r s o f t h a t law had p a i d l i t t l e heed to 
the M a s s e n g i l l Company's e x i s t e n c e (26). No thorough i n s p e c t i o n 
by i n v e s t i g a t i o n a l procedures had preceded the E l i x i r S u l ­
f a n i l a m i d e c r i s i s . The company i t s e l f deemed i t s r e c o r d under 
the law " s p l e n d i d , " more admirable than t h a t o f most drug 
manufacturers (24). Only t h r e e cases had been brought a g a i n s t 
the company by FDA, a l l d u r i n g the 1930s. Two p r o s e c u t i o n cases 
the company s e t t l e d by payi n g s m a l l f i n e s , $250 and $150, r a t h e r 
than u n d e r t a k i n g the expenses o f a t r i a l (22., 4 0 ) . These i n v o l v e d 
F l u i d e x t r a c t o f Colchicum, o v e r s t r e n g t h when judged by the 
o f f i c i a l s t a n d a r d o f the N a t i o n a l Formulary, and T i n c t u r e o f 
A c o n i t e , which the FDA found u n d e r s t r e n g t h . The t h i r d c a s e , 
c o n c e r n i n g a s e i z u r e o f E l i x i r T e r p i n Hydrate and Codeine, went 
to t r i a l as both a d u l t e r a t e d and misbranded, the government 
f i n d i n g a d i s p a r i t y between the q u a n t i t y o f both i n g r e d i e n t s 
s t a t e d on the l a b e l and a c t u a l l y present i n the medicine (41, 4 2 ) . 
The judged r u l e d f o r the government. 

When Dr. Klumpp and I n s p e c t o r Ford met Dr. M a s s e n g i l l i n h i s 
B r i s t o l o f f i c e , the p r o p r i e t o r " l o o k e d w o r r i e d " and o f f e r e d h i s 
" f u l l c o o p e r a t i o n " (22). He had a l r e a d y done " a l l t h a t * was 
humanly p o s s i b l e , " M a s s e n g i l l s a i d , t o r e c a l l o u t s t a n d i n g s t o c k s 
o f E l i x i r S u l f a n i l a m i d e . Some 375 telegrams had been sent from 
B r i s t o l , and more from o t h e r company branches, a t o t a l o f 1100, t o 
the f i r m ' s salesmen, who had d i s t r i b u t e d s m a l l sample b o t t l e s , 
and t o concerns, m o s t l y drug w h o l e s a l e r s , whose o r d e r s had been 
f i l l e d . Klumpp i n s i s t e d , s i n c e these r e c a l l telegrams had g i v e n 
no h i n t o f h a z a r d , t h a t M a s s e n g i l l d i s p a t c h f o l l o w - u p telegrams 
r e a d i n g : " I m p e r a t i v e you take up immediately a l l e l i x i r s u l ­
f a n i l a m i d e you may have d i s p e n s e d . Product may be dangerous t o 
l i f e . R e t u r n a l l s t o c k s at our expense" ( 2 3 ) . 

That the d i e t h y l e n e g l y c o l i n h i s E l i x i r S u l f a n i l a m i d e had 
caused the deaths b e i n g i n c r e a s i n g l y r e p o r t e d , Dr. M a s s e n g i l l , i n 
h i s c o n v e r s a t i o n w i t h the FDA o f f i c i a l s — o r t h e r e a f t e r — , d i d not 
admit. No s p e c i a l t o x i c i t y t e s t s had been made on the E l i x i r , he 
acknowledged, inde e d , no animal t e s t s a t a l l (21^, 22). Without 
s p e c i f y i n g d e t a i l s , M a s s e n g i l l a s s e r t e d t h a t h i s c o n t r o l d e p a r t ­
ment saw t o i t t h a t a l l drugs were " a l l r i g h t " b e f o r e t h e i r 
r e l e a s e . The r e a l blame l a y , he suggested, not w i t h the s o l v e n t 
but w i t h the s u l f a n i l a m i d e . 

M a s s e n g i l l s t a t e d , as Klumpp r e p o r t e d the c o n v e r s a t i o n ( 2 2 ) , 
" t h a t the drug s u l f a n i l a m i d [ e ] had been so e x p l o i t e d by p h y s i ­
c i a n s and the press t h a t everyone i n the c o u n t r y was going w i l d 

 P
ub

lic
at

io
n 

D
at

e:
 A

ug
us

t 2
3,

 1
98

4 
| d

oi
: 1

0.
10

21
/b

k-
19

84
-0

22
8.

ch
00

6

In Chemistry and Modern Society; Parascandola, J., el al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1984. 



112 CHEMISTRY A N D M O D E R N SOCIETY 

w i t h i t and u s i n g i t f o r e v e r y t h i n g and now the d i s a s t r o u s e f f e c t s 
o f i t were coming out. . . . [T]hey don't know much about s u l -
f a n i l a m i d [ e ] but t h a t i t was w e l l r e c o g n i z e d t h a t i t was 
dangerous when used w i t h o t h e r drugs. He s t a t e d h i s o p i n i o n t h a t 
the f a t a l i t i e s from E l i x i r S u l f a n i l a m i d e were due not t o the 
E l i x i r S u l f a n i l a m i d e i t s e l f , but t o the f a c t t h a t those t h a t were 
k i l l e d took o t h e r drugs w h i l e t a k i n g the E l i x i r S u l f a n i l a m i d e , 
the c o m b i n a t i o n o f which k i l l e d them." I n l a t e r p u b l i c s t a t e ­
ments M a s s e n g i l l adhered to s i n i s t e r synergism as h i s e x p l a n a t i o n 
o f the d i s a s t e r . W i t h i n a few days he t o l d the p r e s s : " I do not 
f e e l t h a t t h e r e was any r e s p o n s i b i l i t y on our p a r t " ( 2 3 ) . And he 
wrote the ΑΜΑ: " I have v i o l a t e d no law" ( 2 3 ) . 

Klumpp and Ford a l s o t a l k e d w i t h Watkins (2_1» 22^. B e s i d e s 
f i n d i n g out how he had happened t o h i t upon the E l i x i r S u l ­
f a n i l a m i d e f o r m u l a , they probed h i s background as a chemist. He 
had been graduated from the U n i v e r s i t y o f M i c h i g a n School o f 
Pharmacy i n 1901, Watkins s a i d , w i t h the degree o f p h a r m a c e u t i c a l 
c h e m i s t , and a f t e r w a r d s had ex p e r i e n c e d a p e r i p a t e t i c c a r e e r . He 
had done r e s e a r c h i n a l k a l o i d s f o r s e v e r a l y e a r s , then worked f o r 
a w h i l e i n the a n a l y t i c a l l a b o r a t o r y o f Merck, f o l l o w e d by s h o r t 
s t i n t s i n v a r i o u s w h o l e s a l e and p h a r m a c e u t i c a l houses, many o f 
them i n w e stern s t a t e s . I n 1929 he had s i g n e d a s t i p u l a t i o n w i t h 
the Post O f f i c e Department a g r e e i n g t o abandon the s a l e o f a 
w e i g h t - r e d u c t i o n remedy which he was promoting w i t h e x c e s s i v e 
c l a i m s (22). Du r i n g the d e p r e s s i o n , Watkins had been i d l e some o f 
the t i m e , b e f o r e j o i n i n g M a s s e n g i l l . 

What impressed Klumpp and Ford most about Watkins was what 
they deemed a c e r t a i n c a l l o u s n e s s i n h i s c o n v e r s a t i o n . He spoke 
of a p r e p a r a t i o n o f c o l l o i d a l s u l f u r he had d e v i s e d . When 
marketed, t h i s compound r e s u l t e d i n the death o f a number o f 
people. "Mr. Watkins t o l d about t h i s e vent," Klump wrote, "as i f 
i t were an o r d i n a r y i n c i d e n t i n the bu s i n e s s o f making and 
mar k e t i n g p h a r m a c e u t i c a l s . " Watkins was g e t t i n g ready to r e l e a s e 
a product c o n t a i n i n g another drug, cinchophen, about which the 
FDA had i s s u e d s t r o n g warnings. 

" I t would seem," the FDA's head p h y s i c i a n concluded ( 2 1 ) , 
g e n e r a l i z i n g from Watkins' words to the broader p h a r m a c e u t i c a l 
m a r k e t p l a c e , " t h a t a g r e a t many drugs are be i n g compounded and 
pl a c e d upon the American market w i t h o u t adequate t e s t i n g . The 
expressed or i m p l i e d a t t i t u d e o f c e r t a i n drug manufacturers seems 
to be t h a t drugs can be t e s t e d on the American p u b l i c . I f they 
f a i l t o k i l l , o r i n j u r e i n such a way t h a t the i n j u r y can be 
de t e c t e d and t r a c e d to i t s s o u r c e , the products have then met 
t h e i r t r i a l s s u c c e s s f u l l y . The c o n c l u s i o n i s unescapable t h a t 
such drug manufacturers are p e r f e c t l y w i l l i n g to w a i t f o r r e p o r t s 
o f death or i n j u r y f o r i n f o r m a t i o n c o n c e r n i n g the t o x i c i t y o f 
t h e i r d r u gs." 

Watkins t o l d Klumpp and Ford t h a t , when news o f the deaths 
had f i r s t reached him, he had h i m s e l f taken a huge o r a l dose o f 
d i e t h y l e n e g l y c o l , w i t h o u t i l l e f f e c t s . Klumpp doubted Watkins' 
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s t o r y , but even i f i t were t r u e , Klumpp observed, such a " f u t i l e , 
h e r o i c g e s t u r e " a f t e r the f a c t c o u l d not co u n t e r b a l a n c e the 
f a i l u r e t o t e s t the drug p r o p e r l y p r i o r t o i t s d i s t r i b u t i o n . 

The Massive Search 

The 1906 law d i d not r e q u i r e premarket t e s t i n g . Nor d i d i t 
p r o v i d e the Food and Drug A d m i n i s t r a t i o n w i t h a u t h o r i t y t o s e i z e 
drugs because they were dangerous. Indeed, o n l y an odd happen­
stance gave the FDA l e g a l s a n c t i o n t o t r a c k down and remove the 
l e t h a l l i q u i d from d r u g s t o r e s , p h y s i c i a n s ' o f f i c e s , and the homes 
of p a t i e n t s f o r whom i t had been p r e s c r i b e d (23̂ )· The company had 
named t h i s form of s u l f a n i l a m i d e an " e l i x i r , " i m p l y i n g an 
a l c o h o l i c s o l u t i o n . S i n c e i t c o n t a i n e d d i e t h y l e n e g l y c o l i n s t e a d 
o f a l c o h o l , i t was misbranded. "Had the product been c a l l e d a 
' s o l u t i o n , 1 r a t h e r than an ' e l i x i r , ' " S e c r e t a r y o f A g r i c u l t u r e 
Henry A. Wallace s a i d , "no charge o f v i o l a t i n g the law c o u l d have 
been brought." 

The company's telegrams prompted the r e t u r n o f a l a r g e 
q u a n t i t y o f the " e l i x i r " to the manufacturer, where i t was taken 
under s t a t e o r f e d e r a l c o n t r o l ( 2 3 ) . To secure the remainder of 
the 240 g a l l o n s which had been produced, the FDA launched the 
l a r g e s t and most zealous search t h a t had been undertaken d u r i n g 
the t h r e e decades t h a t the 1906 law had been i n f o r c e . Almost the 
e n t i r e f i e l d f o r c e o f 239 i n s p e c t o r s and chemists p a r t i c i p a t e d . 
S t a t e a u t h o r i t i e s , p a r t i c u l a r l y i n s t a t e s h a v i n g drug i n s p e c t o r s , 
and o f f i c i a l s i n a number of c i t i e s , p r o v i d e d a c e r t a i n amount of 
h e l p , but some FDA agents thought g r e a t e r a s s i s t a n c e might have 
been rendered ( 4 3 ) . 

The q u i c k a c t i o n accounted f o r most of the " e l i x i r . " Toward 
the end of November, S e c r e t a r y Wallace r e p o r t e d t o the Congress, 
of the 240 g a l l o n s produced, 228 g a l l o n s and two p i n t s had been 
" s e i z e d . . ., d e s t r o y e d , c o l l e c t e d as l a b o r a t o r y samples, or 
wasted by s p i l l a g e and breakage" (23^). (Twelve years l a t e r a 
b o t t l e t h a t had been missed turned up i n a batch o f o l d medicines 
taken from a de f u n c t Texas c l i n i c . ) (44) E l e v e n g a l l o n s and s i x 
p i n t s of E l i x i r S u l f a n i l a m i d e had been d i s p e n s e d , mostly on the 
p r e s c r i p t i o n o f p h y s i c i a n s , a s m a l l amount by the o v e r - t h e -
c o u n t e r s a l e of d r u g g i s t s (220. About h a l f of the " e l i x i r " 
r e a c h i n g p a t i e n t s had been consumed; the o t h e r h a l f was r e t r i e v e d 
b e f o r e i t c o u l d be taken. 

F i n d i n g t h a t " e l i x i r " i n the p o s s e s s i o n o f the s i c k , o r i n 
the hands of s u r v i v o r s of those who had d i e d , l e d to many 
adventures on the pa r t o f food and drug o f f i c i a l s , and gave them 
a gloomy p i c t u r e of the s t a t e o f h e a l t h care i n the n a t i o n . At the 
s t a r t , g e t t i n g r e c o r d s from the M a s s e n g i l l d e t a i l men posed some 
d i f f i c u l t i e s . Most were c o o p e r a t i v e i n i n d i c a t i n g where s a l e s 
had been made and p h y s i c i a n s ' samples l e f t (23^. But some 
salesmen proved to be e l u s i v e , and a few r e l u c t a n t t o p r o v i d e 
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needed i n f o r m a t i o n . A d e t a i l man i n Texas had t o be j a i l e d by 
s t a t e a u t h o r i t i e s b e f o r e he would r e v e a l h i s r e c o r d o f s a l e s . 

Searchers f o r the dangerous " e l i x i r " o f t e n worked t o the 
b orders o f e x h a u s t i o n . A t i r e d Alabama s t a t e i n s p e c t o r s i g n e d a 
check " E l i x i r S u l f a n i l a m i d e " (45^ 46). In A t l a n t a , an e l d e r l y 
FDA i n s p e c t o r , who a l s o was i l l , drove through the r a i n i n t o the 
n o r t h G e o r g i a mountains to a d r u g s t o r e t h a t c o u l d not be reached 
by phone (47, 4 8 ) . A p i n t b o t t l e of the " e l i x i r " had been sent t o 
the d r u g g i s t , and the i n s p e c t o r was charged w i t h b r i n g i n g i t 
back. The d r u g g i s t had the b o t t l e , but f o u r ounces o f i t s red 
c o n t e n t s were m i s s i n g , a l l p r e s c r i b e d by a d o c t o r f o r one 
p a t i e n t , name unknown. When the p h y s i c i a n r e t u r n e d from h i s 
rounds, he s a i d t h a t he kept no re c o r d s but b e l i e v e d he had 
p r e s c r i b e d the medicine f o r a woman named L u l a Rakes. He d i d not 
know where she l i v e d , and h e r surname was not uncommon i n the 
r e g i o n . The i n s p e c t o r , s h o u t i n g an i n q u i r y to the deaf d r u g g i s t , 
a t t r a c t e d the a t t e n t i o n of a bys t a n d e r , who v o l u n t e e r e d the guess 
t h a t L u l a l i v e d e i g h t m i l e s over the r i d g e i n Happy Hollow. The 
i n s p e c t o r drove over the dark mountain r o a d , o n l y to f i n d L u l a 1 s 
home abandoned. A neighbor s a i d t h a t the Rakes' f a m i l y had moved 
one v a l l e y f a r t h e r on. D r i v i n g onward the i n s p e c t o r at l a s t found 
the house, and L u l a was t h e r e . Busy w i t h the moving, she had 
taken o n l y a few doses of her m e d i c i n e , but she c o u l d not r e c a l l 
what she had done w i t h the b o t t l e . An hour of c o n v e r s a t i o n and 
e x p l o r i n g f i n a l l y l e d to the m e d i c i n e , w i t h many o t h e r a r t i c l e s 
i n a paper sack under a bed. The i n s p e c t o r began h i s weary way 
home. 

Other t a l e s had l e s s happy endings. In South C a r o l i n a an 
i n s p e c t o r found on the grave o f a b l a c k man a p a r t l y used b o t t l e 
o f E l i x i r S u l f a n i l a m i d e , b e a r i n g the name of the p h y s i c i a n who 
had denied h a v i n g p r e s c r i b e d i t (49^). In accordance w i t h G u l l a h 
custom, the m e d i c i n e — a s w e l l as d i s h e s , spoon, and a b o t t l e o f 
c a t s u p — w h i c h he had been u s i n g when he d i e d accompanied him to 
h i s f i n a l r e s t i n g p l a c e . 

In Arkansas an i n s p e c t o r found among d r u g s t o r e p r e s c r i p t i o n s 
t h a t two ounces of the " e l i x i r " had been s o l d to " J e w e l l " Long 
(4i> ). Both the d r u g g i s t and the p h y s i c i a n s a i d they knew no such 
person, the l a t t e r a s s e r t i n g he must have t r e a t e d an i t i n e r a n t 
l a b o r e r . A f t e r s e a r c h i n g out a number of Long f a m i l i e s w i t h o u t 
s u c c e s s , the i n s p e c t o r a r r i v e d i n the neighborhood o f the next 
Long on h i s l i s t , t o l e a r n t h a t a Long g i r l , seven years of age, 
named " J e n e l l , " had d i e d the day b e f o r e , and her f u n e r a l was at 
th a t moment under way i n her home. The i n s p e c t o r went to the 
house, w a i t i n g an o p p o r t u n i t y to t a l k w i t h the bereaved p a r e n t s . 
The p h y s i c i a n who had denied knowing " J e w e l l " drove up to the 
house. 

Other p h y s i c i a n s and d r u g g i s t s , concerned about t h e i r r e ­
p u t a t i o n s and about damage s u i t s , turned up p l a y i n g cowardly or 
v i l l a i n o u s r o l e s i n the somber " C h r o n o l o g i c a l f i l e of I n s p e c t o r s ' 
& o t h e r s ' r e p o r t s r e g a r d i n g deaths caused by the E l i x i r , " 
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compiled i n FDA headquarters (_50) . One d o c t o r went t o a d r u g s t o r e 
and e x t r a c t e d and d e s t r o y e d a p r e s c r i p t i o n he had g i v e n f o r the 
f a t a l " e l i x i r " (43, 49). A d r u g g i s t s c r a t c h e d out from t h e i r 
p r e s c r i p t i o n s the names o f t h r e e p a t i e n t s who had d i e d . 

Such i n c i d e n t s , however, were more than c o u n t e r b a l a n c e d by 
examples of ea r n e s t endeavor to a i d i n the search f o r E l i x i r 
S u l f a n i l a m i d e p r e s c r i b e d i n good f a i t h . One p h y s i c i a n postponed 
h i s wedding to h e l p t r a c k down the " e l i x i r " p r e s c r i b e d f o r a boy 
of t h r e e who had moved w i t h h i s f a m i l y i n t o the mountains ( 4 5 ) . 
T h i s quest proved s u c c e s s f u l , i n time to save the l a d . Many 
p h y s i c i a n s shared the remorse o f a New Orleans d o c t o r : "Nobody 
but A l m i g h t y God and I can know what I have been through i n these 
past few days. . . . [T]o r e a l i z e t h a t s i x human b e i n g s , a l l o f 
them my p a t i e n t s , one of them my best f r i e n d , are dead because 
they took medicine t h a t I p r e s c r i b e d f o r them i n n o c e n t l y , . . . as 
recommended by a gre a t and r e p u t a b l e p h a r m a c e u t i c a l f i r m i n 
Tennessee; w e l l , t h a t r e a l i z a t i o n has g i v e n me such days and 
n i g h t s o f mental and s p i r i t u a l agony as I d i d not b e l i e v e a human 
bei n g c o u l d undergo and s u r v i v e " ( 2 3 ) . 

A l l those who p e r s i s t e d i n t a k i n g the p r e s c r i b e d " e l i x i r " 
beyond the onset o f i n i t i a l symptoms u n t i l the dosage l e d t o t h e i r 
deaths s u f f e r e d "stoppage of u r i n e , severe abdominal p a i n , 
nausea, v o m i t i n g , s t u p o r " ; some went i n t o c o n v u l s i o n s ( 2 3 ) . One 
hundred seven deaths were r e p o r t e d among p a t i e n t s , a h i g h 
p r o p o r t i o n of them c h i l d r e n , who had taken E l i x i r S u l f a n i l a m i d e 
(51, 52). The death t o l l spanned the c o u n t r y from the A t l a n t i c t o 
the P a c i f i c , a l though most o f those who d i e d l i v e d i n the South 
( 2_3 ). Had the e n t i r e 240 g a l l o n s been taken as m e d i c i n e , i t was 
es t i m a t e d , some fou r thousand v i c t i m s would have l o s t t h e i r l i v e 
( 5 3 ) . 

The Judgment 

Besides s e i z i n g E l i x i r S u l f a n i l a m i d e wherever i t c o u l d be 
t r a c e d , the Food and Drug A d m i n i s t r a t i o n saw to the f i l i n g o f 
c r i m i n a l charges a g a i n s t Dr. M a s s e n g i l l and h i s f i r m , both i n 
K n o x v i l l e and i n Kansas C i t y ( 5 4 ) . Because he had conceded two 
e a r l i e r p r o s e c u t i o n charges, he was a second o f f e n d e r and thus 
s u b j e c t t o more severe s a n c t i o n s under the 1906 law. 

M a s s e n g i l l termed the pending l e g a l a c t i o n s " r i d i c u l o u s " 
( 3 4 ) . Because of the many counts and h i s s t a t u s as a second 
o f f e n d e r , M a s s e n g i l l s a i d , he c o u l d be f i n e d $261,000 and sent to 
j a i l f o r 261 y e a r s . By i t s "continuous gouging," the FDA seemed 
determined to secure h i s " f i n a n c i a l r u i n . " 

C o n s i d e r i n g h i m s e l f " b l a m e l e s s " i n the episode ( 5 5 ) , 
M a s s e n g i l l i s s u e d a s e r i e s o f documents o f f e r i n g h i s defense. In 
"A D e s c r i p t i o n o f G l y c o l s " and "The F a c t s about S u l f a n i l a m i d e " 
M a s s e n g i l l downplayed the t o x i c i t y o f d i e t h y l e n e g l y c o l and 
blamed s u l f a n i l a m i d e ' s i n t e r a c t i o n w i t h o t h e r drugs f o r deaths 
t h a t had o c c u r r e d (56, 57). F i n a l r e s u l t s would show, he 
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i n s i s t e d , t h a t many more people had been aided by h i s product than 
had been k i l l e d by i t . He claimed c r e d i t f o r the prompt and 
complete removal o f E l i x i r S u l f a n i l a m i d e from the market and 
blamed the press f o r o v e r s e n s a t i o n a l r e p o r t i n g i n orde r " t o 
u n f a i r l y c r e a t e p r e j u d i c e " and to i n j u r e the company. No " e r r o r 
had been made i n compounding the f o r m u l a . " Indeed, "few, i f any," 
p h a r m a c e u t i c a l manufacturing p l a n t s i n the Un i t e d S t a t e s were 
" b e t t e r s u i t e d " than M a s s e n g i l l f o r t h e i r t a s k . 

N onetheless, w h i l e making such p r o t e s t a t i o n s of r e c t i t u d e , 
the company f i r e d Watkins, acknowledged a c e r t a i n moral r e ­
s p o n s i b i l i t y , and s e t t l e d out of co u r t a number of s u i t s brought 
by the bereaved f a m i l i e s of v i c t i m s (̂ Z> 2§.) · At one stage i n 
t h i s p r o c e s s , Time r e p o r t e d t h a t the h i g h e s t amount p a i d up to 
that p o i n t had been $2000 (37). L a t e r the FDA re p o r t e d a rumor 
that h a l f a m i l l i o n d o l l a r s had been expended i n s e t t l i n g damage 
s u i t s ( 5 5 ) . 

When, f o l l o w i n g normal procedures, the FDA o f f e r e d the 
M a s s e n g i l l Company an o p p o r t u n i t y f o r a h e a r i n g b e f o r e the c h i e f 
of the C i n c i n n a t i S t a t i o n , no one appeared i n person ( 5 9 ) . 
I n s t e a d , company a t t o r n e y s sent a w r i t t e n r e p l y t o the c i t a t i o n , 
a s s e r t i n g that no v i o l a t i o n of the law had o c c u r r e d . L a t e r Walter 
G. Campbell, c h i e f of the Food and Drug A d m i n i s t r a t i o n , o f f e r e d 
the lawyers an o p p o r t u n i t y to make an appearance b e f o r e him and 
provid e a d d i t i o n a l statements, but i t was not accepted. 

Campbell and h i s s t a f f a n t i c i p a t e d t h a t the b a t t l e i n c o u r t 
would be hard fought. They knew th a t company agents had been 
a c t i v e g a t h e r i n g a f f i d a v i t s from p a t i e n t s who had used E l i x i r 
S u l f a n i l a m i d e and who would t e s t i f y that they had not been harmed 
(5_5) . Some would say that the medicine had helped them. Perhaps 
as many as 680 such documents, the FDA b e l i e v e d , had been 
c o l l e c t e d ( 6 0 ) . I t was a l s o a n t i c i p a t e d t h a t the company 
intended to a s s e r t t h a t s u l f a n i l a m i d e a f f l i c t e d the same pro­
p o r t i o n of p a t i e n t s who took i t alone as had been a f f l i c t e d w h i l e 
t a k i n g i t mixed w i t h d i e t h y l e n e g l y c o l , about f i f t e e n percent i n 
both c i r c u m s t a n c e s . 

FDA o f f i c i a l s , b e l i e v e d , however, tha t t h e i r own case would 
prove to be more p e r s u a s i v e . Granted i t s l e g a l b a s i s was somewhat 
narrow. The government would a s s e r t that the drug " f e l l below the 
p r o f e s s e d standard under which i t was s o l d , " i n that E l i x i r 
S u l f a n i l a m i d e had been l a b e l e d to possess the same t h e r a p e u t i c 
a c t i o n as s u l f a n i l a m i d e , whereas " i t s p r i n c i p a l a c t i o n was that 
of an acute p o i s o n " (61-65). T h e r e f o r e , the term " Q u a l i t y 
P h a r m a c e u t i c a l s , " as w e l l as the word " E l i x i r , " on the l a b e l s 
c o n s t i t u t e d misbranding and a d u l t e r a t i o n . The magnitude of the 
d i s a s t e r broadened the t h r u s t of the government's charge. Nor 
was there any doubt that d i e t h y l e n e g l y c o l had been the f a t a l 
component. The n a t i o n ' s l e a d i n g s c i e n t i f i c e x p e r t s , f i r s t 
brought i n t o the a f f a i r by the ΑΜΑ, would so t e s t i f y , on the b a s i s 
of c o n t i n u i n g experiments. These i n c l u d e d P r o f e s s o r Long of 
Johns Hopkins and P r o f e s s o r s G e i l i n g and Cannon—as w e l l as Anton 
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J . C a r l s o n , a frequent and s k i l l f u l w i t n e s s i n FDA's b e h a l f — o f 
Chicago. FDA's own s c i e n t i s t s a l s o had been working overtime 
p r e p a r i n g f o r the t r i a l . 

In September 1938 Dr. M a s s e n g i l l 1 s a t t o r n e y s f i l e d a de­
murrer to the government's charges, c l a i m i n g t h a t he had not 
v i o l a t e d the law. The judge o v e r r u l e d t h i s p l e a (54, 65^). When 
M a s s e n g i l l appeared i n c o u r t , on the day h i s t r i a l was scheduled 
to b e g i n , October 3, he changed h i s p l e a from not g u i l t y to g u i l t y 
on a m a j o r i t y of the counts i n the charge a g a i n s t him, s a y i n g he 
would do l i k e w i s e i n the case i n v o l v i n g shipments of the " e l i x i r " 
made from Kansas C i t y . M a s s e n g i l l was f i n e d $150 each on 174 
counts, the $26,100 t o t a l b e i n g the l a r g e s t f i n e ever assessed 
under the 1906 law. FDA o f f i c i a l s , who d i d not press f o r 
M a s s e n g i l l 1 s imprisonment, expressed themselves as b e i n g "much 
g r a t i f i e d at the outcome" (6 6 ) . 

When W i l l i a m Ford l a s t t a l k e d w i t h H a r o l d Watkins, i d l e at 
home, the chemist asked the FDA i n s p e c t o r to keep him i n mind i f 
Ford "heard of anyone wanting a man" ( 5 8 ) . Before the t r i a l , 
Watkins took h i s own l i f e ( 6 7 ) . 

Impact upon S c i e n t i f i c Research 

The E l i x i r S u l f a n i l a m i d e episode had a marked i n f l u e n c e upon 
r e s e a r c h i n both i n d u s t r y and government. I n the 1930s, the 
vanguard among American p h a r m a c e u t i c a l manufacturers had reached 
a new p l a t e a u of s c i e n t i f i c competence. E a r l i e r , w h i l e con­
s i d e r a b l e r e s e a r c h took p l a c e i n company l a b o r a t o r i e s , much of i t 
was h e l d i n low esteem by p h y s i c i a n s and academics (6ÉS, 69). 
S c i e n t i s t s who moved from u n i v e r s i t i e s to i n d u s t r y were e x p e l l e d 
from membership i n the American S o c i e t y f o r Pharmacology and 
E x p e r i m e n t a l T h e r a p e u t i c s (^0). The new wave of enhanced 
s c i e n t i f i c achievement i n i n d u s t r y may be e x e m p l i f i e d by the 
p l a n s i n i t i a t e d by George W. Merck. In 1933 Merck e s t a b l i s h e d a 
Research L a b o r a t o r y at Rahway, New J e r s e y , p o s s e s s i n g a campus 
atmosphere and o f f e r i n g i n t e r d i s c i p l i n a r y teams of s c i e n t i s t s 
"the g r e a t e s t p o s s i b l e l a t i t u d e and scope i n p u r s u i n g t h e i r 
i n v e s t i g a t i o n s , the utmost freedom to f o l l o w leads p r o m i s i n g 
s c i e n t i f i c r e s u l t s no matter how u n r e l a t e d to what one would c a l l 
p r a c t i c a l r e t u r n s , " as w e l l as freedom to p u b l i s h (7_1, 72.)· Other 
major companies f o l l o w e d s u i t , v a s t l y augmenting manpower and 
equipment devoted to drug r e s e a r c h . 

The a r r i v a l o f s u l f a n i l a m i d e a c c e l e r a t e d these trends ( 7 3 ) . 
P h a r m a c e u t i c a l chemists employed by manufacturers plunged i n t o 
r e s e a r c h on d e r i v a t i v e s and a s s o c i a t e d p r e p a r a t i o n s , q u i c k l y 
d i s c o v e r i n g more e f f e c t i v e analogues. The o l d dream of u s i n g 
c h e m i s t r y to d e v i s e s y n t h e t i c drugs capable of combatting d i s e a s e 
germs i n the body had been converted i n t o r e a l i t y . S u l f a n i l a m i d e 
helped p r o v i d e "proof t h a t the i m p o s s i b l e had become f e a s i b l e " 
(_74), s t i m u l a t i n g a much broader quest f o r chemotherapeutic 
agents. E l i x i r S u l f a n i l a m i d e u n d e r l i n e d the need to c o n s i d e r 
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s a f e t y as a primary f a c t o r i n the s e a r c h . Soon the law would make 
s a f e t y a s i n e qua non. 

The E l i x i r S u l f a n i l a m i d e c r i s i s p l a c e d urgent r e s e a r c h 
p r e s s u r e s on Food and Drug A d m i n i s t r a t i o n s c i e n t i s t s . G l y c o l 
s o l v e n t s p l a y e d a c o n s i d e r a b l e r o l e i n food f l a v o r i n g s , f o r 
example, so more r e s e a r c h as w e l l as strenuous r e c a l l e f f o r t s 
f o l l o w e d news o f the deaths from d i e t h y l e n e g l y c o l ( 2 j j , 75.» 76). 
These e f f o r t s expanded i n t o a c l o s e r s c r u t i n y g i v e n t o a l l types 
o f s o l v e n t s , d i l u e n t s , and e x c i p i e n t s used i n making drugs. 

The major FDA concern came to be b e t t e r comprehension o f 
d i e t h y l e n e g l y c o l ' s t o x i c o l o g y . The imminent t r i a l i n c o u r t 
r e q u i r e d t h i s . I n a more b a s i c sense, the c r i s i s made FDA 
s c i e n t i s t s aware o f inadequacies i n the s t a t e o f the d i s c i p l i n e . 
I n c o n s t a n t c o n t a c t w i t h t h e i r peers at the ΑΜΑ and at the 
U n i v e r s i t y o f Chicago and Johns Hopkins, a team of FDA s c i e n t i s t s 
launched a p r o j e c t t h a t "developed the f i r s t v a l i d process f o r 
de t e r m i n i n g the comparative t o x i c i t y o f compounds, a s t a t i s ­
t i c a l l y based and l e g a l l y d e f e n s i b l e process t h a t opened the door 
to modern t o x i c o l o g i c a l t e s t i n g methods" ( 7 7 ) . 

A D i v i s i o n o f Pharmacology had been f o r m a l l y s e t up i n the 
Food and Drug A d m i n i s t r a t i o n i n 1935, composed m o s t l y — a s one of 
i t s members, Edwin P. Laug, remembered—of " b i o c h e m i s t s who then 
changed s a i l s and became p h a r m a c o l o g i s t s " (_78). To study the 
t o x i c i t y o f l e a d and a r s e n i c p e s t i c i d e r e s i d u e s formed the 
d i v i s i o n ' s i n i t i a l purpose, but the E l i x i r S u l f a n i l a m i d e c r i s i s 
brought an almost t o t a l s h i f t o f e f f o r t t o d i e t h y l e n e g l y c o l . 

The concept o f L e t h a l Dose 50 had a l r e a d y been c o i n e d , 
d e v e l o p i n g from i n n o v a t i v e r e s e a r c h i n England by J . W. Trevan 
(79) and i n America by T o r a l d Sollmann ( 7 8 ) . Yet t h a t concept was 
as yet rudimentary. " [ l ] n those days," as Dr. Laug put i t w i t h o u t 
too much e x a g g e r a t i o n , " i f you had two r a t s and you k i l l e d one and 
d i d n ' t k i l l the o t h e r one, then t h a t was c a l l e d an LD 50." The 
E l i x i r S u l f a n i l a m i d e d i s a s t e r made these FDA s c i e n t i s t s r e a l i z e 
t h a t a s t a t i s t i c a l l y s i g n i f i c a n t way o f d e f i n i n g LD 50 was 
needed, so t h a t two poisons c o u l d be a c c u r a t e l y compared. 
He r b e r t E. C a l v e r y gave g r e a t impetus to t h i s quest and brought i n 
the s t a t i s t i c i a n C hester I . B l i s s (80) as a p a r t - t i m e c o n s u l t a n t . 
B l i s s was an en t o m o l o g i s t who had spent t h r e e years i n England 
w i t h the p i o n e e r b i o m e t r i c i a n R. A. F i s h e r (81_) , and had a p p l i e d 
the s t a t i s t i c a l approach so as to compare the k i l l i n g power of 
v a r i o u s i n s e c t i c i d e s . B l i s s h e l p e d the FDA b i o c h e m i s t s to 
for m u l a t e p r o t o c o l s f o r both acute and c h r o n i c t o x i c i t y s t u d i e s 
o f the g l y c o l s i n v a r i o u s animals ( 7 8 ) . The f i r s t paper, by Laug, 
C a l v e r y , Herman M o r r i s , and G e o f f r e y Woodard, appeared i n 1939 
(82 ) . Other a r t i c l e s f o l l o w e d (24, 83, 84, 85). 

The r e s u l t s presented i n these papers, and the methodology 
u n d e r l y i n g the r e s u l t s , came at a c r u c i a l time, the i n i t i a l stage 
o f the chemotherapeutic r e v o l u t i o n , d u r i n g which hundreds of new 
drugs would e n t e r the m e d i c a l m a r k e t p l a c e . E l i x i r S u l f a n i l a m i d e 
had waved the warning f l a g o f t o x i c i t y , and i n response FDA 
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s c i e n t i s t s had developed s o p h i s t i c a t e d methods f o r s t u d y i n g the 
t o x i c i t y of c h e m i c a l s i n a n i m a l s . A l s o , as to s t r u c t u r e , the 
D i v i s i o n of Pharmacology served as a p r o t o t y p e r e s e a r c h group, 
i m i t a t e d by u n i v e r s i t i e s and by the most f o r w a r d - l o o k i n g elements 
of the p h a r m a c e u t i c a l i n d u s t r y , which sent s c i e n t i s t s to observe 
how the FDA team went about i t s m i s s i o n and then formed or 
reformed r e s e a r c h groups o f t h e i r own ( 7 8 ) . 

I n f l u e n c e on Food and Drug Law 

Inadequacies i n the Food and Drugs Act of 1906, r e c o g n i z e d 
by r e g u l a t o r s from the s t a r t , had been f r e q u e n t l y v o i c e d i n 
p u b l i c . The R e p u b l i c a n ascendancy of the 1920s, however, d i d not 
p r o v i d e a c l i m a t e conducive to reform (5>3, 86 ι 87.). At the v e r y 
s t a r t of the New D e a l , under the a e g i s of Rexford G. T u g w e l l , 
a s s i s t a n t s e c r e t a r y of a g r i c u l t u r e , a complete r e v i s i o n o f the 
law was i n t r o d u c e d i n t o the Congress. In a host of ways t h i s 
measure would have toughened r e g u l a t i o n of the food, drug, and 
cosmetic i n d u s t r i e s . Had the b i l l become law, i t might have 
a v e r t e d the E l i x i r S u l f a n i l a m i d e d i s a s t e r , f o r i t would have 
l i c e n s e d drug manufacturers. 

A l l elements o f i n d u s t r y combined to condemn the "Tugwell 
b i l l " w hich, i t was d e c l a r e d , would t u r n the FDA i n t o a s i n i s t e r 
machine to s o v i e t i z e American m a n u f a c t u r i n g . The b i l l had been 
i n t r o d u c e d i n t o the Senate by Royal S. Copeland, a c o n s e r v a t i v e 
homeopathic p h y s i c i a n from New York, who began a long campaign of 
compromise aimed at g e t t i n g the b i l l i n t o a form t h a t might make 
i t a c c e p t a b l e to members of the Congress. P r e s i d e n t F r a n k l i n D. 
R o o s e v e l t gave food and drug law r e f o r m a very low p r i o r i t y on h i s 
l i s t of New Deal o b j e c t i v e s . 

In October 1937, when E l i x i r S u l f a n i l a m i d e h i t the head­
l i n e s , the Congress was i n r e c e s s (53.)· A food and drug b i l l , 
much d i l u t e d from i t s 1933 form, had passed the Senate but was 
b o t t l e d up i n a committee o f the House. Wal t e r G. Campbell, FDA's 
c h i e f , i n h i s f i r s t p u b l i c announcement about E l i x i r S u l ­
f a n i l a m i d e , s a y i n g t h a t the agency was a s s i g n i n g i t s e n t i r e f i e l d 
f o r c e to t r a c k down the drug, l i n k e d the d i s a s t e r to the 
l a n g u i s h i n g b i l l ( 1_8). Other poisonous drugs, which the FDA 
c o u l d not keep o f f the market, had a l r e a d y k i l l e d and i n j u r e d many 
c i t i z e n s ( 8 6 ) . The b i l l pending b e f o r e the Congress d i d not 
c o n t a i n any p r o v i s i o n s t h a t would have prevented the E l i x i r 
S u l f a n i l a m i d e tragedy. P u b l i c p o l i c y r e q u i r e d , Campbell i n ­
s i s t e d , the r e i n v i g o r a t i o n and the enactment of t h a t b i l l . A 
f e d e r a l l i c e n s i n g system f o r drugs might w e l l be r e q u i r e d ( 1 8 ) . 

The r e p o r t t h a t the S e c r e t a r y of A g r i c u l t u r e made to the 
Congress on the E l i x i r S u l f a n i l a m i d e a f f a i r r e i t e r a t e d t h i s 
argument (23). The r e p o r t c i t e d a l e t t e r w r i t t e n to P r e s i d e n t 
R o o s e v e l t by the mother of one o f the " e l i x i r ' s " f i r s t v i c t i m s i n 
T u l s a , a l i t t l e g i r l of s i x . The mother t o l d how h e r c h i l d had 
d i e d i n agony, and begged the P r e s i d e n t to get a law so t h a t o t h e r 
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f a m i l i e s would not have to s u f f e r as hers had done. With the 
l e t t e r the mother sent a p i c t u r e of her daughter's s m i l i n g face 
(88, 89). 

The " s i m p l e , d i r e c t , s t r a i g h t f o r w a r d l i c e n s i n g a u t h o r i t y " 
which the FDA hoped to be gi v e n as a r e s u l t of the E l i x i r 
S u l f a n i l a m i d e pressure proved to be too extreme a remedy f o r 
Congress to grant (90, 9^, 92). Nor would Congress c o n s i d e r 
continuous i n s p e c t i o n of drug m a n u f a c t u r i n g , analogous to the 
p a t t e r n p r e s c r i b e d i n 1906 f o r meat p r o c e s s i n g . I n d u s t r y 
o p p o s i t i o n was f a r too s t r o n g . Some i n d u s t r y c o u n t e r - s u g g e s t i o n s 
would have e l i m i n a t e d any type of pre-marketing c o n t r o l s . 
Senator Copeland a g a i n fashioned a compromise, based on but 
st r o n g e r than a su g g e s t i o n by the P r o p r i e t a r y A s s o c i a t i o n ' s 
counsel (9_3), which Congress accepted and e v e n t u a l l y i n c l u d e d , as 
s e c t i o n 505, i n the Food, Drug, and Cosmetic Act ( 5 3 ) . 

These r e s u l t s d i d not come as q u i c k l y as a consequence of the 
E l i x i r S u l f a n i l a m i d e pressure as might have been expected (53, 
94). From 1933 to 1937, amidst the d e p r e s s i o n and i n t r i g u e d by 
more p u b l i c i z e d New Deal b a t t l e s , the g e n e r a l p u b l i c knew l i t t l e 
about the p r o t r a c t e d C o n g r e s s i o n a l s t r u g g l e to secure a new food 
and drug law. T h i s c o n t e s t had made the f r o n t page of the New York 
Times o n l y once, when a f i g h t broke out i n the Senate g a l l e r y 
(94). 

E l i x i r S u l f a n i l a m i d e d i d b r i n g "a new emotional c o n t e n t " and 
g r e a t e r urgency to the c o n s i d e r a t i o n of the food and drug b i l l 
(53). The press h e a d l i n e d the c r i s i s and l i n k e d the d i s a s t e r to 
the unenacted law. L e t t e r s from c o n s t i t u e n t s to members of the 
Congress i n c r e a s e d i n volume. Committed p a r t i s a n s of reform 
became more v i g o r o u s and outspoken, employing sharper language. 
Segments of i n d u s t r y , opposed to the 1933 d r a f t but s a t i s f i e d by 
subsequent compromise, urged an end of d e l a y . " I t i s a f i n e 
t h i n g , " e d i t o r i a l i z e d A d v e r t i s i n g and S e l l i n g , " t o take a f i r m 
stand a g a i n s t s i n and s u l p h a n i l a m i d e . . . but . . . that i s n ' t 
good enough" (_95). Business should approve the whole b i l l . Even 
the most i n t r a n s i g e n t foes of l e g i s l a t i o n were somewhat shaken. 

Nonetheless, more than e i g h t months ela p s e d between the 
f i r s t r e p o r t s of deaths from E l i x i r S u l f a n i l a m i d e and the 
enactment of the law (53). Two more major o b s t a c l e s had to be 
overcome—who should c o n t r o l food and drug a d v e r t i s i n g , the FDA 
or the F e d e r a l Trade Commission, and what process of c o u r t appeal 
should govern FDA r e g u l a t i o n - m a k i n g — b e f o r e enough consensus 
came to get the law passed. 

L i c e n s i n g may come sometime, Campbell wrote a f t e r the new 
law had gone i n t o e f f e c t , but the c l i m a t e was not r i g h t f o r i t i n 
1938 ( 9 0 ) . "Meanwhile, there seems no a l t e r n a t i v e . . . except to 
undertake, through the g r a d u a l development o f powers tha t have 
been c o n f e r r e d upon us by . . . s e c t i o n 505 and the a u t h o r i t y to 
make f a c t o r y i n s p e c t i o n s , a more e f f e c t i v e r e g u l a t i o n of the 
p r o d u c t i o n and marketing o f ph a r m a c e u t i c a l products than was 
p o s s i b l e under the o l d s t a t u t e . . . ." 
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S e c t i o n 5 0 5 — t h e "new drugs" p r o v i s i o n — d e f i n e d a new drug 
as one "not g e n e r a l l y r e c o g n i z e d among e x p e r t s q u a l i f i e d by 
s c i e n t i f i c t r a i n i n g and e x p e r i e n c e to e v a l u a t e the s a f e t y of 
drugs, as safe f o r use under the c o n d i t i o n s " l i s t e d i n the 
l a b e l i n g (96). The law forbade the marketing of new drugs i n 
i n t e r s t a t e commerce u n t i l t h e i r manufacturers had persuaded FDA 
o f f i c i a l s t h a t the drugs were s a f e . The a p p l i c a t i o n submitted 
f o r the agency to c o n s i d e r had to i n c l u d e samples of the drug, a 
l i s t of i t s components and a statement of i t s c o m p o s i t i o n , a 
d e s c r i p t i o n of the methods of manufacture, and f u l l r e p o r t s of 
i n v e s t i g a t i o n s made to determine whether or not the drug was s a f e 
f o r use. Should the FDA r a i s e no p r o t e s t w i t h i n a s p e c i f i e d time 
l i m i t , the drug co u l d be r e l e a s e d i n the marketplace. I f the 
agency, f o r cause, r e f u s e d the a p p l i c a t i o n , the drug was b a r r e d 
from i n t e r s t a t e commerce. R i g h t s of appeal from FDA's d e c i s i o n s 
to the f e d e r a l c o u r t s were s p e c i f i e d . The law p e r m i t t e d the use 
of drugs f o r i n v e s t i g a t i o n a l purposes by q u a l i f i e d e x p e r t s i n 
o r d e r to t e s t f o r s a f e t y . 

T h i s "new drug" p r o v i s i o n , by h o l d i n g p h a r m a c e u t i c a l com­
panies to s t r i c t e r s t a n d a r d s , a l s o spurred them toward i n ­
n o v a t i o n . Competent s c i e n t i s t s added to i n d u s t r i a l s t a f f s to 
ensure the s a f e t y of some new drugs a l s o spent time e x p l o r i n g what 
o t h e r new drugs might be d i s c o v e r e d . In the e a r l y 1940s a 
commentator c r e d i t e d the 1938 law w i t h h a v i n g "encouraged r e ­
s e a r c h " (97). T h i s added more charge to the e x p l o s i o n of 
chemotherapy. 

A minor precedent f o r premarket t e s t i n g of chemicals i n 
the 1938 law had been e s t a b l i s h e d , on a v o l u n t a r y b a s i s , s h o r t l y 
a f t e r the 1906 law had gone i n t o e f f e c t , w i t h r e s p e c t to c o a l - t a r 
dyes used to c o l o r foods (9<8). The new drugs c l a u s e of 1938, i n 
i t s t u r n , became a more s i g n i f i c a n t precedent f o r l a t e r laws 
r e q u i r i n g the e s t a b l i s h m e n t of s a f e t y b e f o r e the r e l e a s e of 
p e s t i c i d e chemicals (1954), food a d d i t i v e s (1958), c o l o r ad­
d i t i v e s (1960), and m e d i c a l d e v i c e s (1976) (99, 100). In 1962, by 
the K e f a u v e r - H a r r i s Amendments, the Congress added the r e ­
quirement t h a t proof of e f f i c a c y be demonstrated b e f o r e a new 
drug c o u l d be r e l e a s e d . 

Research i n c h e m i s t r y which aimed at p r a c t i c a l a p p l i c a ­
t i o n s burgeoned i n the years f o l l o w i n g World War I . Two s t r a n d s 
of t h i s v i g o r o u s e n d e a v o r — t h e c o m m e r c i a l i z a t i o n of g l y c o l s and 
the quest f o r chemotherapeutic a g e n t s — m e t i n t r a g i c c o n j u n c t i o n 
i n 1937 i n the E l i x i r S u l f a n i l a m i d e a f f a i r . From the tragedy, 
however, and from the f e a r and outrage s t i m u l a t e d by i t , emerged 
a system of c o n t r o l s under which new drugs and new chemicals 
a f f e c t i n g foods are r e g u l a t e d i n the U n i t e d S t a t e s . These events 
helped move a complex b i l l , which a f t e r f i v e years of con­
s i d e r a t i o n seemed moribund, to enactment by the Congress. The 
c l i m a t e t h a t prevented a more f o r t h r i g h t and r i g o r o u s mode of 
c o n t r o l , o u t r i g h t l i c e n s i n g of p h a r m a c e u t i c a l manufacturers, has 
not changed, as Walter Campbell then thought i n time i t might 
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( 9 0 ) . Indeed, i n r e c e n t decades, c r i t i c s o f the r e g u l a t o r y 
system have argued t h a t some r e l a x a t i o n i n the r i g o r o f new drug 
r e g u l a t i o n might serve the p u b l i c i n t e r e s t , thus p r e c i p i t a t i n g a 
heated new debate i n an area o f c o n t i n u i n g c r u c i a l concern to the 
American p u b l i c (100, 101). 
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7 
The Establishment of Synthetic Food Color 
Regulation in the United States, 1906-1912 

SHELDON HOCHHEISER 
Rohm and Haas Company Philadelphia, PA 19105 

In the years immediately following the 1906 enact­
ment of the first federal food and drug act, Dr. 
Bernhard Hesse made a thorough study for the govern­
ment of synthetic food colors in the marketplace 
and from this study developed a regulatory scheme 
based on two principles: 1) only a short explicit 
list of colors should be permitted; 2) each batch 
of these colors manufactured should be certified 
by the government as to i ts identity, purity, and 
freedom from harmful substances. After substantial 
internal disagreement, Department of Agriculture 
officials concluded that there was no statutory pro­
vision authorizing this scheme, and adopted a plan 
based on voluntary participation. This plan proved 
successful in providing the country with an ample 
supply of safe food colors. 

I n t h e l a s t t h i r d o f the n i n e t e e n t h c e n t u r y , t h e u n i t e d 
S t a t e s food s u p p l y system underwent a major t r a n s f o r m a t i o n , t he 
most fundamental one i n the h i s t o r y o f the n a t i o n . I n 1860, most 
Americans l i v e d on farms and l a r g e l y a t e what they produced. 
Even i n urban areas the foods f o r s a l e were c h i e f l y raw, unpro­
cessed, and o f l o c a l o r i g i n . By 1900, America was s u b s t a n t i a l l y 
u r b a n i z e d , and much o f t h e food s o l d i n t h e c i t i e s was p r o c e s s e d — 
r e f r i g e r a t e d , canned, c h e m i c a l l y p r e s e r v e d — b y l a r g e f i r m s d o i n g 
b u s i n e s s on a n a t i o n a l s c a l e . W i t h t h i s growing d i s t a n c e between 
producer and consumer came an i n c r e a s i n g o p p o r t u n i t y f o r a r t i f i c e 
i n the food s u p p l y . The unannounced s u b s t i t u t i o n o f a cheaper 
food f o r a more expe n s i v e one and the use o f added substances to 
pr e s e r v e and c o l o r , a l t h o u g h p r a c t i c e d s i n c e a n t i q u i t y , became 
more widespr e a d , and new t e c h n i q u e s , such as the use o f s y n t h e t i c 
c o l o r s p r epared from c o a l t a r , became common ( 1 ) . 

Coal t a r dyes f i r s t came on the market i n the l a t e 1850's, 
and w i t h i n a few years had v i r t u a l l y r e p l a c e d n a t u r a l d y e s t u f f s 
i n the t e x t i l e t r a d e . Almost from t h e f i r s t , t hese same dyes 
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were s o l d f o r the l e s s voluminous food c o l o r t r a d e , where they 
were seen as a great improvement over the o f t e n a c u t e l y t o x i c 
m i n e r a l pigments t h e y , i n many c a s e s , r e p l a c e d . By the mid 
1870*s, the e n t i r e dye i n d u s t r y was c o n t r o l l e d by a c a r t e l of 
German f i r m s , who through a combination o f r e s e a r c h support and 
a g g r e s s i v e c a p i t a l i s m , c o n t r o l l e d the s a l e of both the i n t e r ­
mediate chemicals and the d y e s t u f f s themselves ( 2 ) . 

One r e s u l t o f the t r a n s f o r m a t i o n o f the food system was a 
growing r e c o g n i t i o n o f the need f o r the government t o r e g u l a t e 
the food s u p p l y , b o t h to p r o t e c t the p r o c e s s o r from u n f a i r com­
p e t i t i o n , and to p r o t e c t the consumer from f r a u d o r harm. The 
f i g h t f o r f e d e r a l l e g i s l a t i o n t o p r o v i d e f o r such r e g u l a t i o n , l e d 
by Harvey W i l e y , c h i e f o f the Bureau o f Chemistry o f the U n i t e d 
S t a t e s Department o f A g r i c u l t u r e , l a s t e d over twenty y e a r s . I t 
concluded w i t h the enactment o f the Pure Food and Drug Act o f 
1906, commonly known as the W i l e y Act ( 3 ) . 

To W i l e y , the Food and Drug Act was h i s mandate t o i n s u r e 
the c o u n t r y a pure and honest food s u p p l y more than i t was a 
s p e c i f i c s t a t u t e w i t h s p e c i f i c l e g a l requirements and l i m i t a t i o n s . 
Thus, although the law mentioned c o l o r s o n l y t o p r o h i b i t t h e i r 
a d d i t i o n t o c o n c e a l i n f e r i o r i t y and to ban t h e i r use, i f p o i s o n ­
ous, i n c o n f e c t i o n a r y , W i l e y b e l i e v e d , as p a r t of h i s o v e r a l l 
s u s p i c i o n s of c h e m i c a l a d d i t i v e s , t h a t the use o f c o a l t a r c o l o r s 
was a p r a c t i c e r e q u i r i n g , at the l e a s t , thorough i n v e s t i g a t i o n . 
As t h i s would r e q u i r e time, W i l e y arranged f o r c o l o r p o l i c y to be 
d e f e r r e d from t h e i n i t i a l r e g u l a t i o n s t h a t were to be i s s u e d 
b e f o r e the a c t became e f f e c t i v e on January 1. When the Depart­
ment o f A g r i c u l t u r e i s s u e d the r e g u l a t i o n s i n October, i t noted 
s i m p l y t h a t "the S e c r e t a r y o f A g r i c u l t u r e s h a l l determine from 
time to time . . . the p r i n c i p l e s which s h a l l guide the use o f 
c o l o r s " ( 4 ) . N e i t h e r W i l e y nor any o f h i s s t a f f was f a m i l i a r 
w i t h these dyes, so i n mid summer he h i r e d an o u t s i d e c o n s u l t a n t , 
Dr. Bernhard C. Hesse of New York C i t y , to study the q u e s t i o n . 
Hesse agreed to devote twenty hours a week to t h i s p r o j e c t (5_) . 

Hesse was u n u s u a l l y , i f not u n i q u e l y , q u a l i f i e d to examine 
the c o a l t a r dye q u e s t i o n f o r the U n i t e d S t a t e s government; he 
was an American e x p e r t i n a German dominated f i e l d and i n d u s t r y . 
Hesse was born i n E a s t Saginaw, M i c h i g a n i n 1869. He earned 
degrees i n both pharmacy and c h e m i s t r y from the U n i v e r s i t y o f 
M i c h i g a n , and i n 1896 became the t h i r d r e c i p i e n t o f the Ph.D. i n 
Chemistry at the new U n i v e r s i t y of Chicago. Upon g r a d u a t i o n , 
Hesse took a p o s i t i o n w i t h Badische A n i l i n und Soda F a b r i k . 
Badische i n i t i a l l y sent him t o t h e i r headquarters i n Germany, but 
soon r e t u r n e d him to the U n i t e d S t a t e s where, based i n New York, 
he s e r v e d as B a d i s c h e 1 s r e s i d e n t t e c h n i c a l e x p e r t i n p a t e n t l i t i ­
g a t i o n u n t i l the end o f 1905, when he began an independent con­
s u l t i n g p r a c t i c e . Thus Hesse had been p r i v y not o n l y t o many o f 
B a d i s c h e 1 s t r a d e s e c r e t s , but a l s o t o matters of company and 
c a r t e l p o l i c y . So when Hesse accepted the assignment from W i l e y , 
he brought to the s e r v i c e of h i s c o u n t r y years o f e x p e r i e n c e w i t h 
the dominant f o r e i g n dye i n t e r e s t s ( 6 , 7 ) . 
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I n i t i a l l y , Hesse expected to complete w i t h i n t h r e e months 
what he saw as a s t r a i g h t f o r w a r d e x e r c i s e . As he wrote W i l e y i n 
August of 1906, the primary task appeared to be g a t h e r i n g and 
e v a l u a t i n g r e p r e s e n t a t i v e l i t e r a t u r e , o p i n i o n s , and samples and 
d e v i s i n g a scheme f o r the chemical s e p a r a t i o n and d e t e c t i o n o f 
s y e s t u f f s i n foods (8). 

By November, he was f i n d i n g the t a s k somewhat more complex. 
Since r e t u r n i n g to New York i n September, he had c o l l e c t e d some 
n i n e t y d i f f e r e n t samples o f dyes (some o f them d u p l i c a t e s ) 
recommended by t h e i r d i s t r i b u t o r s f o r use i n food, a f a r g r e a t e r 
number than he had expected. Some o f the c o l o r s so recommended, 
such as Orange I I , Hesse knew to be f a r from h a r m l e s s , even i f 
t e c h n i c a l l y s u i t a b l e . The poor q u a l i t y and h i g h l e v e l o f i m p u r i ­
t i e s he found i n the samples s u r p r i s e d him. He now thought i t 
would be n e c e s s a r y , i n a d d i t i o n to the t a s k s he had o u t l i n e d i n 
August, to c o n s i d e r "the q u e s t i o n o f i n s p e c t i o n o f c o l o r i n g 
matters s u i t a b l e f o r use i n food p r o d u c t s " ( 9 ) . T h i s q u e s t i o n 
appeared to be r a t h e r c o m p l i c a t e d . W i l e y agreed t h a t the s i t u a ­
t i o n l o o k e d f a r more complex than i t had o r i g i n a l l y seemed, and 
t o l d Hesse to proceed and take the time n e c e s s a r y t o do a t h o r ­
ough job (10). 

Proceed Hesse d i d , but he confessed to W i l e y i n February 
t h a t he was s t i l l f a r from f i n i s h e d . The a n a l y t i c a l s e p a r a t i o n 
and d e t e c t i o n work was i n an e a r l y s tage. He had not completed 
methods f o r the v a r i o u s red dyes, and had not s t a r t e d any o t h e r 
c o l o r group. The i n v e s t i g a t i o n would have t o be r e d i r e c t e d , and 
the a n a l y t i c a l p o r t i o n put a s i d e u n t i l a f t e r the development of 
d e f i n i t e r e g u l a t i o n s . "The aim o f t h i s work ought to be to get 
a f a i r 'standard o f p u r i t y 1 f o r each ch e m i c a l i n d i v i d u a l " and to 
h o l d each manufacturer to t h i s s t a n d a r d . I t might prove neces­
s a r y to permit the s a l e of pure c o l o r s o n l y , w i t h m i x i n g and 
d i l u t i o n to be done a t the p o i n t o f use. In a few months, Hesse's 
task had e v o l v e d from a n a l y s i s and l i t e r a t u r e s e a r c h to the de­
v i s i n g of r e g u l a t i o n s (11). 

While Hesse, i n New York, was d i s c o v e r i n g a l l these d i f f i ­
c u l t i e s , W i l e y , i n Washington, was e n c o u n t e r i n g f a r g r e a t e r p r o ­
blems of h i s own. The c r u s a d i n g z e a l t h a t had s e r v e d him w e l l i n 
the l o n g s t r u g g l e f o r the passage of a food and drug law brought 
him i n t o ever i n c r e a s i n g c o n f l i c t w i t h h i s s u p e r i o r , S e c r e t a r y 
of A g r i c u l t u r e James W i l s o n . W i l e y fought w i t h W i l s o n on s e v e r a l 
i s s u e s — o n the d e f i n i t i o n o f blended whisky, on the use of s u l f u r 
d i o x i d e i n the p r e s e r v a t i o n o f d r i e d f r u i t , on the need t o seek 
a d v i c e from the department's l e g a l s t a f f . 

By March 1907, W i l s o n had concluded t h a t he, who a f t e r a l l 
was l e g a l l y r e s p o n s i b l e f o r the law, c o u l d no l o n g e r r e l y e x c l u ­
s i v e l y on W i l e y , whom he concluded tended to take a r b i t r a r y 
t h e o r e t i c a l p o s i t i o n s t h a t u n n e c e s s a r i l y i r r i t a t e d b u s i n e s s and 
a g r i c u l t u r e . In A p r i l W i l s o n h i r e d another chemist, Dr. 
F r e d e r i c k Dunlap, to p r o v i d e him w i t h an independent o p i n i o n on 
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the o f t e n complex s c i e n t i f i c p o i n t s a f f e c t i n g food and drug 
r e g u l a t i o n , and e s t a b l i s h e d a three member Board o f Food and 
Drug I n s p e c t i o n c o n s i s t i n g of W i l e y (as chairman), Dunlap and 
George McCabe, the Department S o l i c t o r . The Board's j o b would be 
to c o n s i d e r a l l q u e s t i o n s on r e g u l a t i o n , enforcement, and v i o l a ­
t i o n s of the food and drug law, to a d v i s e the S e c r e t a r y , and to 
p r e p a r e , f o r h i s s i g n a t u r e , Food I n s p e c t i o n D e c i s i o n s ( F I D s ) , 
p u b l i s h e d r e g u l a t i o n s and i n t e r p r e t a t i o n s . W i l e y was o u t r a g e d , 
e s p e c i a l l y as W i l s o n had announced h i s d e c i s i o n by a r r i v i n g a t 
W i l e y ' s o f f i c e one morning w i t h Dunlap i n tow (12). 

The Board, presumably at Wi l s o n ' s u r g i n g , was anxious to get 
the c o l o r q u e s t i o n (and o t h e r pending mat t e r s ) s e t t l e d . Thus, 
w h i l e W i l e y had urged Hesse to take h i s time and be thorough, 
the Board as a whole p r e s s e d him f o r an e a r l y r e p o r t . Hesse r e ­
p l i e d t h a t w h i l e he f e l t nowhere near f i n i s h e d , i t might be 
p o s s i b l e , as an i n t e r i m measure, to i s s u e a s h o r t l i s t o f c o l o r s 
t h a t would be c o n s i d e r e d harmless and p e r m i t t e d f o r use. For the 
f i r s t t i m e , he was p r o p o s i n g r e s t r i c t i n g food dyes t o a s h o r t 
e x p l i c i t l i s t , one t h a t would c o n t a i n o n l y harmless c o l o r s , and 
as few o f those as n e c e s s a r y to p r o v i d e an adequate v a r i e t y o f 
shades. The l i s t he proposed c o n t a i n e d seven c o l o r s , two y e l l o w s 
( n a p t h o l y e l l o w S and t a r t r a z i n e ) , one green ( l i g h t green SF 
y e l l o w i s h ) , and f o u r reds ( c a r m o i s i n e , rhodamine B, amaranth, and 
e r y t h r o s i n e ) . Hesse chose these dyes by t a k i n g the t e n dyes t h a t 
had been recommended by th r e e o f the f i v e s u p p l i e r s from whom he 
had c o l l e c t e d samples t o d a t e , and then e l i m i n a t i n g t h r e e f o r 
which he found an un f a v o r a b l e t o x i c o l o g i c a l e v a l u a t i o n i n one o f 
t h r e e sources (13). 

The Use o f C o a l Tar C o l o r s i n Food Produ c t s by Hugo L i e b e r 
was the f i r s t such source. L i e b e r , an im p o r t e r and merchant o f 
c o a l - t a r c o l o r s , p r i v a t e l y p u b l i s h e d h i s book as a p r o m o t i o n a l 
d e v i c e . The t o x i c o l o g i c a l s t u d i e s L i e b e r r e p o r t e d were a c t u a l l y 
taken from a h i g h l y regarded 1888 book by the German p h y s i o l o g i c a l 
chemist Theodor Weyl. L i e b e r b a r e l y c r e d i t e d Weyl i n a s i n g l e 
t e x t u a l r e f e r e n c e . I t seems c u r i o u s t h a t L i e b e r d i s t r i b u t e d t h i s 
a b r i d g e d v e r s i o n , o r t h a t Hesse used i t , as a complete t r a n s l a ­
t i o n of Weyl's book had been p u b l i s h e d i n P h i l a d e l p h i a i n 1892. 
Weyl r e p o r t e d on animal experiments he and o t h e r s had performed 
w i t h a number of c o a l t a r c o l o r s (14,15). 

Hesse's second s o u r c e , Die A r z n e i m i t t e l Synthèse by Sigmund 
F r a n k e l , was a l a r g e l y t h e o r e t i c a l work by a prominent s c i e n t i s t . 
F r a n k e l t r i e d t o e s t a b l i s h d i r e c t and s p e c i f i c r e l a t i o n s h i p s be­
tween chemical s t r u c t u r e and p h y s i o l o g i c a l a c t i v i t y . I n t h i s 
book Hesse found broad a s s e r t i o n s , such as the statement t h a t a l l 
u n s u l f o n a t e d azo dyes were h a r m f u l , as w e l l as s p e c i f i c c l a i m s . 
Although i t was perhaps n a t u r a l t h a t , as an o r g a n i c chemist, 
Hesse would f i n d F r a n k e l ' s i d e a s p e r s u a s i v e , they were f a r from 
unanimously a c c e p t e d by p h a r m a c o l o g i s t s (16,17). Hesse's f i n a l 
source was a l i s t o f c o l o r s , a p p a r e n t l y a tra d e c i r c u l a r , p r e ­
pared i n 1899 by the N a t i o n a l C o n f e c t i o n e r s A s s o c i a t i o n . 
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Dunlap and McCabe wanted a f u l l r e p o r t from Hesse, not 
merely a l e t t e r , because they hoped to prepare a t l e a s t an i n ­
t e r i m FID on c o a l - t a r c o l o r s f o r W i l s o n ' s e a r l y a p p r o v a l . I n May, 
they arranged f o r Hesse to appear b e f o r e the Board i n Washington 
on June 10, 1907. 

Hesse spent the i n t e r v e n i n g month p u t t i n g h i s data and notes 
i n o r d e r . He made no attempt t o s a l v a g e h i s a n a l y t i c a l d e t e c t i o n 
work. I t was both too f a r from c o m p l e t i o n and not o f immediate 
concern. Weyl's book r e p l a c e d L i e b e r ' s as h i s p r i m a r y source f o r 
t o x i c o l o g i c a l d a t a . He v i s i t e d a d d i t i o n a l dye s u p p l i e r s , i n c l u d ­
i n g the s u b s i d i a r i e s o f two b i g German f i r m s (Badische and 
H o e c h s t ) , American agents f o r s e v e r a l s m a l l e r European companies, 
two domestic manufacturers of c o a l - t a r c o l o r s ( S c h o e l k o p f , 
H a r t f o r d , and Hanna o f B u f f a l o and H e l l e r , Merz and Company of 
Newark), and two s m a l l e r American b u s i n e s s e s which s p e c i a l i z e d i n 
the i m p o r t a t i o n and p a c k a g i n g o f c o l o r s f o r the food t r a d e (H. 
Kohnstamm and Company and H. L i e b e r and Company, both o f New 
Y o r k ) . By June 10, Hesse had 203 samples from e i g h t f i r m s , o f 
which 109, i n c l u d i n g 53 d i f f e r e n t c h e m i c a l s , came w i t h d e f i n i t e 
c h e m i c a l i d e n t i f i c a t i o n i n the form o f t h e i r t a b l e number i n the 
s t a n d a r d r e f e r e n c e work g e n e r a l l y known as the Green t a b l e s (18). 
A p p l y i n g the p r i n c i p l e s he had e n u n c i a t e d i n May, he t a b u l a t e d 
these 53 c o l o r s by the number of f i r m s o f f e r i n g them, and d i s ­
covered t h a t o n l y e l e v e n c o l o r s were o f f e r e d by as many as h a l f 
of h i s respondents. He r e j e c t e d f o u r of these on the b a s i s o f 
u n f a v o r a b l e r e p o r t s by Weyl, l e a v i n g a l i s t o f seven c o l o r s , f i v e 
reds and two y e l l o w s . 

At h i s meeting w i t h the Board, Hesse e x p l a i n e d h i s work t o 
date and the s o r r y , confused s t a t e o f the s m a l l p o r t i o n o f the 
c o a l - t a r c o l o r t r a d e devoted t o food. With the s i n g l e e x c e p t i o n 
o f the s p e c i a l t y house o f Kohnstamm, the i n d u s t r y r e f u s e d t o 
f o l l o w o r guarantee t h e i r p r o d u c t s i n t o the food t r a d e even as 
they competed w i t h a d v i c e and guarantees i n the t e x t i l e t r a d e . 
A s i n g l e dye o f t e n would be a v a i l a b l e i n w i d e l y v a r y i n g l e v e l s of 
p u r i t y . Methylene b l u e , the o n l y c o a l - t a r c o l o r i n the U n i t e d 
S t a t e s Pharmacopeia, was an extreme example. I t s o l d a t p r i c e s 
from $75 a pound when pr e p a r e d f o r human i n j e c t i o n , and $21.50 
when prepared t o USP s t a n d a r d s f o r i n g e s t i o n , down to $1.25 f o r 
t e x t i l e s . T h i s showed t h a t the i n d u s t r y was capable of produc­
i n g h i g h l y p u r i f i e d chemicals when i t was c o n v i n c e d i t was 
n e c e s s a r y and p r o f i t a b l e t o do so. Hesse saw no evidence o f any 
manufacturer t a k i n g t h i s s o r t of care w i t h the dyes i t s o l d f o r 
food use. He was unable t o f i n d agreement even on the l e v e l s o f 
dye t h a t were commonly u s e d — o n e c o n s u l t i n g chemist t o l d him 1 
p a r t i n 3,000 was not uncommon i n candy, w h i l e another s a i d t h a t 
no more than 1 p a r t i n 50,000 was a d v i s a b l e . 

Hesse complained t h a t even i f one c o u l d get an i n d u s t r i a l 
r e p r e s e n t a t i v e t o speak o f harmless c o a l t a r dyes, he c o u l d not 
be t r u s t e d to g i v e an honest answer. A Dr. S c h w e i t z e r o f the 
E l b e r f e l d company gave Hesse a l i s t o f some f o r t y - t h r e e c o l o r s 
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t h a t he a s s e r t e d were harmless i n food p r o d u c t s . He c i t e d Weyl 
as h i s a u t h o r i t y f o r f i f t e e n o f these but Hesse c o u l d f i n d no 
re f e r e n c e to s i x of these c o l o r s i n W e y l 1 s book, and o n l y nega­
t i v e comments on three more. 

F i n a l l y , Hesse gave the Board h i s " p r o v i s i o n a l c o n c l u s i o n s 
f o r t oday" and proposed t h a t the government r e g u l a t e food c o l o r s 
by p e r m i t t i n g the use of o n l y a s m a l l l i s t o f e x p r e s s l y p e r m i t t e d 
c o l o r s w h i l e p r o h i b i t i n g the use o f a l l o t h e r s . He suggested 
t h a t the Board i s s u e a t e n t a t i v e l i s t o f seven p e r m i t t e d c o l o r s , 
the two y e l l o w s and f o u r reds from h i s p r e v i o u s l i s t , and l i g h t 
green SF b l u i s h (Green t a b l e #434), withou t g i v i n g any reasons 
f o r h i s s e l e c t i o n o f t h e s e , but w i t h a request f o r time f o r 
l a b o r a t o r y e x a m i n a t i o n o f commercial samples o f the seven c o l o r s 
i n o r d e r to determine the l e v e l of p u r i t y t h e r e o f (19). 

Hesse indeed p r e s e n t e d the above l i s t as h i s c o n c l u s i o n f o r 
t h a t s p e c i f i c day, f o r o n l y f i v e days l a t e r he wrote to W i l e y , 
as chairman o f the Board, s u b s t a n t i a l l y r e v i s i n g i t . He dec i d e d 
t h a t the c o m p o s i t i o n o f the l i s t c o u l d b e s t be determined by a 
s o r t o f p o p u l a r i t y c o n t e s t w i t h the s e l e c t i o n as s i n g l e a l l o w e d 
r e p r e s e n t a t i v e of a g i v e n shade the c h e m i c a l w i t h a c l e a n t o x i ­
c o l o g i c a l r e c o r d t h a t had been su b m i t t e d by the l a r g e s t number of 
f i r m s . I n t h i s manner, he c u l l e d from h i s samples a l i s t o f f i f ­
teen c o l o r s , r e p r e s e n t i n g the top vote g e t t e r i n each o f f o u r t e e n 
d i f f e r e n t shades (two oranges t i e d w i t h two votes each). He 
e l i m i n a t e d s i x o f the f i f t e e n on the b a s i s of u n f a v o r a b l e t o x i c o ­
l o g i c a l r e p o r t s , a l t h o u g h , c u r i o u s l y , he d i d not l o o k to see i f 
another l e s s p o p u l a r c o l o r c o u l d take t h e i r p l a c e s . T h i s l e f t 
n i n e shades. He e l i m i n a t e d two more because he f e l t o t h e r s i n 
the l i s t c o u l d r e p l a c e them when used i n c o m b i n a t i o n , l e a v i n g 
once a g a i n seven c o l o r s , as f o l l o w s : 

Table I : Hesse's recommended l i s t o f 6/15/07 
Shade C o l o r Green Table No. 

Red Amaranth 107 
S c a r l e t Panceau 3R 56 
B l u i s h Red E r y t h r o s i n e 517 
Orange Orange I 85 
Ye l l o w N a p t h o l Y e l l o w S 4 
Green L i g h t Green SF Y e l l o w i s h 435 
Blue I n d i g o D i s u l p h o n i c A c i d 692 

Thus, Hesse r e p l a c e d f o u r o f the seven c o l o r s he had r e ­
commended o n l y f i v e days b e f o r e , s o l e l y on the grounds t h a t an­
o t h e r c h e m i c a l o f s i m i l a r shade had been s u b m i t t e d , and thus 
d e s i r e d , by more s o u r c e s . He i m p l i c i t l y assumed e i t h e r t h a t a l l 
c o l o r s o f a g i v e n shade were o f e q u a l t e c h n i c a l s u i t a b i l i t y f o r 
food use o r t h a t s u i t a b i l i t y was i n d i r e c t p r o p o r t i o n to the 
number o f f i r m s o f f e r i n g the shade. T h i s t e n e t , he would even­
t u a l l y be f o r c e d t o concede, was i n v a l i d i n a t l e a s t one case. 
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He concluded t h a t : 
"My t e n t a t i v e r u l i n g o f l a s t Monday ought t o be put i n t h i s 

f i n a l form s u b j e c t to r e s t r i c t i o n as f u r t h e r i n v e s t i g a t i o n s 
warrent . . .(These seven dyes) may f o r the p r e s e n t be used as 
food c o l o r s . Each of these c o l o r s s h a l l be f r e e from any 
c o l o r i n g - m a t t e r o t h e r than the one s p e c i f i e d , s h a l l not c o n t a i n 
any contaminations of i m p e r f e c t o r incomplete manufacture, and 
these c o l o r s when mixed w i t h one another f o r shading purposes 
s h a l l be so mixed at the p l a c e and at the time of use and not 
o t h e r w i s e nor elsewhere" (20). 

The Board was so eager to send S e c r e t a r y W i l s o n a d e c i s i o n 
that i t unanimously accepted Hesse's recommendations, except f o r 
the s e c t i o n on m i x i n g , at i t s next meeting on June 17, 1907, and 
made i t p a r t o f Food I n s p e c t i o n D e c i s i o n 76, "Dyes, Chemicals, 
and P r e s e r v a t i v e s , " which was i s s u e d over the s i g n a t u r e o f the 
three Board members, and the S e c r e t a r i e s of A g r i c u l t u r e , Treasury, 
and Commerce and Labor on June 18, 1907. I n p r i n t i n g Hesse's 
recommendations, the Board e x p l a i n e d i t s a t t i t u d e toward the use 
o f c o a l t a r c o l o r s : 

"The use of any dye, harmless or o t h e r w i s e , to c o l o r or 
s t a i n a food i n a manner whereby damage o r i n f e r i o r i t y i s con­
c e a l e d i s s p e c i f i c a l l y p r o h i b i t e d by law. The use i n food f o r 
any purpose o f any m i n e r a l dye o r any c o a l - t a r dye, except those 
c o a l - t a r tyes h e r e i n a f t e r l i s t e d , w i l l be grounds f o r p r o s e c u ­
t i o n . Pending f u r t h e r i n v e s t i g a t i o n s now underway and the 
announcement t h e r e o f , the c o a l - t a r dyes h e r e i n a f t e r named, made 
s p e c i f i c a l l y f o r use i n foods, and which bear a guarantee from 
the manufacturer t h a t they are f r e e from s u b s i d i a r y products and 
re p r e s e n t the a c t u a l substance the name of which they bear, may 
be used i n foods. In every case a c e r t i f i c a t e t h a t the dye i n 
q u e s t i o n has been t e s t e d by competent e x p e r t s and found to be 
f r e e from harmful c o n s t i t u e n t s must be f i l e d w i t h the S e c r e t a r y 
o f A g r i c u l t u r e and approved by him" (21). 

With t h i s the Board e s t a b l i s h e d the b a s i c p r i n c i p l e s of food 
c o l o r r e g u l a t i o n i n the U n i t e d S t a t e s . The p e r m i t t e d dyes were 
those on Hesse's l i s t . P a r t s o f t h i s d e c i s i o n would soon become 
open to l e g a l q u e s t i o n . 

A supplementary memorandum from the Board accompanied FID 76. 
I t d i s c u s s e d Hesse's background, q u a l i f i c a t i o n s , p l a n of work and 
the methods he used i n r e a c h i n g h i s recommendations. I t e x p l a i n ­
ed the c o m p o s i t i o n and s m a l l s i z e o f the p e r m i t t e d l i s t as p r o ­
v i d i n g a range of unpatented c o l o r s v e r s a t i l e enough to p r o v i d e 
f o r a l l l e g i t i m a t e uses w h i l e a l l o w i n g o n l y c o l o r s w i t h c l e a n 
t o x i c o l o g i c a l r e c o r d s . I t j u s t i f i e d the requirement f o r a manu­
f a c t u r e r ' s guarantee by n o t i n g , as Hesse had t o l d W i l e y , t h a t i t 
was the manufacturer who s h o u l d know the n a t u r e o f h i s goods and 
t h a t they were as r e p r e s e n t e d and f r e e from h a r m f u l i m p u r i t i e s 
(22). 

Hesse next went to the c o l o r i n d u s t r y to f i n d i t s r e a c t i o n 
to t h i s program and to t r a n s l a t e the requirement f o r p u r i t y i n t o 
d e f i n i t e s tandards which would be s t r i n g e n t , but no more so t h a t 
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the best a c h i e v a b l e by good m a n u f a c t u r i n g p r a c t i c e . Among 
o t h e r s , he met w i t h E. G. Kohnstamm, the P r e s i d e n t of H. 
Kohnstamm and Company. Kohnstamm found the r e g u l a t i o n s g e n e r a l l y 
reasonable and workable, a g r e e i n g the seven c o l o r s c o u l d serve 
f o r a l l purposes, w i t h m i x t u r e s p r e p a r a b l e to any d e s i r e d shade. 
But t h e n , Kohnstamm 1s was the o n l y f i r m which had p r e v i o u s l y 
e xpressed a w i l l i n g n e s s to guarantee c o l o r s . He n a t u r a l l y had 
q u e s t i o n s on the y e t unannounced form of the manufacturer's 
guarantee, but d i d not see i t as a problem and a l s o wondered what 
t e s t s would s u f f i c e to demonstrate the necessary l e v e l s o f p u r i t y . 
Hesse would not commit h i m s e l f to any s p e c i f i c t e s t , as he had 
not developed h i s i d e a s on the s u b j e c t f u l l y , and he hoped to 
l e a r n i f the manufacturers had any t e s t s i n use. The two men 
agreed t h a t r e l e v a n t t e s t s and standards from the U n i t e d S t a t e s 
Pharmacopeia might be a good s t a r t i n g p o i n t f o r these t e s t s . 

On one p o i n t Hesse and Kohnstamm d i s a g r e e d . Kohnstamm i n ­
t e r p r e t e d FID 76 as p e r m i t t i n g the s a l e o f m i x t u r e s o f c e r t i f i e d 
c o l o r s , g i v i n g S o l i c i t o r McCabe as h i s source f o r t h i s i n t e r p r e ­
t a t i o n . Kohnstamm had always s o l d h i s food c o l o r s as t r a d e -
named mi x t u r e s o f s t a n d a r d i z e d shade and t i n c t o r i a l s t r e n g t h , and 
f e a r e d t h a t r e q u i r i n g the s a l e o f pure c o l o r s o n l y would s i m p l i f y 
the b u s i n e s s to such a degree t h a t most f i r m s , i n c l u d i n g h i s own, 
would be d r i v e n from the b u s i n e s s . McCabe's i n t e r p r e t a t i o n d i s ­
a p pointed Hesse as i t was c o n t r a r y to the chemist's recommenda­
t i o n . At t h i s t i m e , Hesse would have welcomed the o l i g o p o l i z a -
t i o n o f the trade by a s m a l l number o f f i r m s , as he expected 
would happen i f s a l e o f m i x t u r e s were banned. He thought t h a t 
the l a r g e s t f i r m s c o u l d best produce and m a i n t a i n h i g h q u a l i t y 
goods (23). 

On J u l y 31, the Board f o r m a l l y r e j e c t e d Hesse's recommenda­
t i o n on m i x t u r e s . T h i s was yet another i n d i c a t i o n of a growing 
r i f t between W i l e y ' s hard l i n e a t t i t u d e and W i l s o n and McCabe's 
more c a u t i o u s approach (24). 

I n August, Hesse began to r e a l i z e t h a t h i s l o n g s t a n d i n g 
f a i t h i n the l a r g e German f i r m s had been mistaken. He l e f t an 
e a r l y August meeting w i t h two r e p r e s e n t a t i v e s o f B a d i s c h e , h i s 
o l d employer, q u i t e d i s g u s t e d . These men showed l i t t l e w i l l i n g ­
ness to work w i t h i n the r e g u l a t i o n s . R a t h e r , they i m p e r i o u s l y 
demanded the l i s t i n g o f a l l t h e i r c o l o r s , and a simpl e form t h a t 
they c o u l d f i l l out once to permanently r e g i s t e r t h e i r p r o d u c t s . 
They o b j e c t e d when Hesse t o l d them tha t each b a t c h might r e q u i r e 
separate t e s t s and guarantee and the i m p l i c a t i o n from t h i s t h a t a 
manufacturer would be c o n t i n u o u s l y r e s p o n s i b l e f o r the harmless-
ness o f the goods i t s o l d . 

At the v e r y l e a s t , Badische wanted the government to p r o v i d e 
i t w i t h a s e t o f t e s t s to be used. Perhaps t h i s l a s t o b j e c t i o n 
bothered Hesse the most, f o r i t i n d i c a t e d to him t h a t B a d i s c h e , 
and thus p r o b a b l y the e n t i r e i n d u s t r y , d i d not t e s t dyes i n t e n d e d 
f o r food use f o r freedom from hazardous i m p u r i t i e s and t h e r e f o r e 
knew of no such t e s t s (25). An agent f o r another manufacturer 
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went f u r t h e r , t e l l i n g Hesse t h a t no d i s t i n c t i o n was ever made be­
tween food c o l o r s and t e x t i l e c o l o r s i n h i s warehouse: "'Napthol 
Y e l l o w S f o r wool and Na p t h o l Y e l l o w S f o r food a l l comes out o f 
the same b a r r e l 1 " (26). A t b e s t , a manufacturer guessed t h a t a 
dye was s u i t a b l e . Hesse suspected t h a t the q u a l i t y and v a r i e t y 
of the product t h a t the Bureau would r e c e i v e would demonstrate 
t h i s to be the case, and thereby j u s t i f y any a r b i t r a r i n e s s by the 
government (25). 

Badische d e c i d e d to withdraw from d i r e c t p a r t i c i p a t i o n i n 
the American food c o l o r t r a d e r a t h e r than submit to the r e q u i r e ­
ments of FID 76. I t opted i n s t e a d to s e l l the dyes to middlemen 
such as Kohnstamm who c o u l d , a f t e r f u r t h e r p u r i f y i n g the dyes i f 
d e s i r e d , submit the guarantees and assume l e g a l l i a b i l i t y . The 
o t h e r German f i r m s soon f o l l o w e d B a d i s c h e 1 s l e a d . 

Kohstamm began doing as Badische suggested. I t bought 
a v a i l a b l e grades of the seven c o l o r s from Badische and prepared 
to p u r i f y f u r t h e r , t e s t , and submit the dyes f o r government 
a p p r o v a l i t s e l f . Where the s t a n d a r d grades seemed not good 
enough, i t p r e s s e d Badische f o r s u p e r i o r goods. Hesse decided 
to w a i t and see what t e s t s and standards companies l i k e Kohnstamm 
would develop and to use these to push the s u b m i t t e r s i n t o p r o ­
d u c i n g the c l e a n e s t p o s s i b l e goods (27). 

In FID 76, the Board had l e f t open the d e t a i l s o f the c e r t i ­
f i c a t e s a manufacturer would need to submit t o o b t a i n a p p r o v a l 
f o r h i s goods. Kohnstamm and s e v e r a l o t h e r s asked Hesse or Wiley 
what form these s h o u l d t a k e . The Board responded to these i n ­
q u i r i e s i n September by i s s u i n g FID 77 which e s t a b l i s h e d l e g a l 
procedures f o r c e r t i f i c a t i o n , made c l e a r the requirement t h a t 
each b a t c h o f dye be s e p a r a t e l y c e r t i f i e d , and d e f i n e d s e v e r a l 
terms. Forms were p r o v i d e d f o r f o u r d i f f e r e n t c e r t i f i c a t e s : two 
("foundation" and "manufacturer's") f o r s u b m i s s i o n w i t h an i n i ­
t i a l b a t c h of a c o l o r , one ("supplementary") f o r a d d i t i o n a l 
b a t c h e s , and one ("secondary") f o r m i x t u r e s and repacks. FID 77 
d e f i n e d " b a t c h " as a s i n g l e l o t o f dye processed i n a s i n g l e 
manner at a s i n g l e time, " m i x t u r e " as a b l e n d o f two o r more 
c e r t i f i e d c o l o r s and "competent e x p e r t " as anyone who through 
t r a i n i n g o r ex p e r i e n c e c o u l d d e v i s e and per f o r m the ne c e s s a r y 
t e s t s f o r i d e n t i t y and p u r i t y (28). 

A l t h o u g h the Board had been r e c e i v i n g , and r e j e c t i n g as 
i n s u f f i c i e n t , manufacturer's guarantees s i n c e June, l a r g e numbers 
of f o u n d a t i o n and manufacturer's c e r t i f i c a t e s began r e a c h i n g the 
Board i n the f a l l , d e monstrating a s u b s t a n t i a l demand f o r c e r t i ­
f i e d c o l o r s . A number of food manufacturers wrote to Hesse o r 
Wil e y r e q u e s t i n g sources o f c e r t i f i e d c o l o r s , and s e v e r a l food 
i n g r e d i e n t j o b b e r s d i s t r i b u t e d c i r c u l a r s t o the food t r a d e o f f e r ­
i n g f o r s a l e "the c o l o r s mentioned i n FID 76", f a l s e l y i m p l y i n g , 
at l e a s t t o Hesse, t h a t they had c e r t i f i e d c o l o r s f o r s a l e . Much 
of the food and c o l o r i n d u s t r i e s a c c e p t e d FID 76 as mandating the 
use of c e r t i f i e d c o l o r s o n l y (29). 

The Board forwarded each o f the s e v e r a l hundred f o u n d a t i o n 
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c e r t i f i c a t e s i t r e c e i v e d to Hesse f o r comment and c r i t i c i s m . 
Hesse found the o v e r a l l q u a l i t y o f b o t h the t e s t s and the dyes 
themselves d e p r e s s i n g l y poor, and f o r s e v e r a l months r e j e c t e d a l l 
he saw. Most o f the dyes submitted were no more than s i m p l e r e ­
packings of German dyes, and c o n t a i n e d s u b s t a n t i a l i m p u r i t i e s i n 
d i r e c t v i o l a t i o n o f the r e g u l a t i o n s . Percentages o f s i m p l e i n ­
o r g a n i c s a l t s such as NaCl and Na2S04 ran as h i g h as 45%. These 
s a l t s had been used i n the f a b r i c a t i o n o f the dyes both to p r e ­
c i p i t a t e the dye from s o l u t i o n and to reduce the s t r e n g t h of the 
dye to some predetermined t i n c t o r i a l s t a n d a r d . Although these 
s a l t s may have p r e s e n t e d l i t t l e d i r e c t h a z a r d , they tended, when 
used to excess i n p r e c i p i t a t i o n s , to c a r r y s u b s t a n t i a l i m p u r i ­
t i e s a l o n g w i t h the d e s i r e d p r e c i p i t a t e . A l a r g e number of sam­
p l e s had h i g h l e v e l s o f chemicals c l o s e l y r e l a t e d to the i n t e n d e d 
p r o d u c t , i n c l u d i n g m a r t i u s y e l l o w (a known poison) i n n a p t h o l 
y e l l o w S and orange I I i n orange I . T h i s was evidence of s l o p p y 
manufacture. High l e v e l s of known t o x i n s , e s p e c i a l l y a r s e n i c and 
l e s s o f t e n l e a d , were common i n d i s r e g a r d f o r the p u b l i c h e a l t h 
(30). The j o b b e r s who s u b m i t t e d these dyes were, i n a way, not 
r e a l l y a t f a u l t . They were s u b m i t t i n g the same dyes the German 
manufacturers s o l d them as s u i t a b l e f o r food use, i n many cases 
the same ones they had been s e l l i n g f o r y e a r s . 

Hesse j u s t i f i e d h i s r e j e c t i o n o f these dyes o f c u s t o m a r i l y 
low q u a l i t y by p o i n t i n g out t h a t s e v e r a l German f i r m s were o f f e r ­
i n g , a t premium p r i c e s , c h e m i c a l l y pure grades of at l e a s t two o f 
the i n t e r m e d i a t e s used i n p r e p a r a t i o n of the p e r m i t t e d c o l o r s , 
p a r a n i t r o a n i l i n i e and b e t a n a p t h o l . Thus, a h i g h q u a l i t y p r o d u c t 
was t e c h n i c a l l y f e a s i b l e (31). 

Hesse d i d not f i n d the f o u n d a t i o n c e r t i f i c a t e s any b e t t e r 
than the dyes. Some c e r t i f i c a t e s r e p o r t e d no t e s t s f o r i m p u r i ­
t i e s o r t o x i n s which Hesse b e l i e v e d might be p r e s e n t . Some o f 
the t e s t s were i n a d e q u a t e l y s e n s i t i v e o r s e l e c t i v e and many were 
not d e s c r i b e d i n s u f f i c i e n t d e t a i l f o r d u p l i c a t i o n , i f they were 
d e s c r i b e d at a l l . These c e r t i f i c a t e s confirmed Hesse's f e a r s 
t h a t the i n d u s t r y had not been t e s t i n g food dyes, and thus had no 
such s e t o f t e s t s . 

Hesse wrote a c r i t i q u e of each c e r t i f i c a t e , g i v i n g the 
reasons f o r i t s r e j e c t i o n and s u g g e s t i n g where i t c o u l d be im­
proved so t h a t the a p p l i c a n t c o u l d l e a r n from h i s mistakes and 
c o r r e c t them b e f o r e the next s u b m i s s i o n . The f o l l o w i n g l e t t e r , 
r e j e c t i n g two batches of ponceau 3R submi t t e d by Ch a r l e s Shaw 
o f B a l t i m o r e , was t y p i c a l : 

"You don't say what t e s t s you use f o r a r s e n i c , what o r g a n i c 
c o n s t i t u e n t s you t e s t f o r , [ o r the] p r e p a r a t i o n o f m a t e r i a l s used 
i n c a r r y i n g out these experiments. Your dyes have 27.1% and 
32.3% s a l t . T h i s i s way too much. You must get your f o r e i g n 
s u p p l i e r s t o g i v e you u n f i l l e d pure dyes and submit these. I f 
you w i s h to get them f i l l e d o r s t a n d a r d i z e d w i t h s a l t , do t h i s 
l a t e r and resubmit the dye f o r secondary c e r t i f i c a t i o n " ( 3 2 ) . 

Kohnstamm i n p a r t i c u l a r took the c r i t i c i s m s e r i o u s l y and 
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worked d i l i g e n t l y to prepare dyes as pure as p o s s i b l e and to sub­
mit the same to ever more d e t a i l e d t e s t s . Hesse t r i e d to a s s i s t 
Kohnstamm, meeting s e v e r a l times w i t h members of i t s s t a f f and 
h e l p i n g them to f i n d ways to improve the q u a l i t y o f the p r o d u c t s 
and the a s s o c i a t e d t e s t s . 

Hesse used the r e s u l t s r e p o r t e d i n these c e r t i f i c a t e s to 
b e g i n to f o r m u l a t e the standards of p u r i t y which he would expect 
from a c e r t i f i a b l e dye. I f one c e r t i f i c a t e r e p o r t e d a p a r t i c u ­
l a r l y good r e s u l t f o r , say, s a l t i n a g i v e n dye, t h a t would be­
come the temporary minimum. He s t r o v e to secure f o r the c o u n t r y 
not some e l u s i v e t h r e o r e t i c a l l y pure dyes, but s i m p l y the best 
t h a t i n d u s t r y c o u l d do i f pushed, pushed as he had become con­
v i n c e d i t had never been pushed be f o r e (33). 

On November 14, 1907, Hesse found a c e r t i f i c a t e he c o u l d 
approve, one s ubmitted by Kohnstamm f o r a s m a l l b a t c h o f l i g h t 
green SF y e l l o w i s h . He wrote to the Board t h a t t h i s c e r t i f i c a t e 
v i n d i c a t e d h i s uncompromising a t t i t u d e and showed t h a t c l e a n 
goods, c l e a n e r than E. G. Kohnstamm h i m s e l f had thought p o s s i b l e 
t h a t s p r i n g , c o u l d be made. Hesse p r a i s e d Kohnstamm f o r t h i s 
accomplishment, c i t i n g Kohnstamm 1s p e r s u a t i o n o f Badische to p r o ­
v i d e i t w i t h a r s e n i c f r e e dye, i t s investment i n new equipment 
and r e s e a r c h , and i t s d i l i g e n c e i n c o r r e c t i n g d e f i c i e n c i e s Hesse 
found i n p r e v i o u s s u b m i s s i o n s . Hesse a d v i s e d the Board t h a t the 
next step s h o u l d be f o r a Bureau s t a f f chemist to v e r i f y the 
c e r t i f i c a t e by r e p e a t i n g the t e s t s t h e r e i n d e s c r i b e d on the dye 
sample submitted. 

Although the Kohnstamm c e r t i f i c a t e f o r l i g h t green was c e r ­
t a i n l y a major s t e p , the p r o j e c t was f a r from f i n i s h e d . T h i s was 
o n l y one c o l o r , and a s m a l l l a b o r a t o r y t e s t batch at t h a t . S t i l l , 
i t now seemed c e r t a i n to Hesse t h a t a l l seven c o l o r s would even­
t u a l l y be a v a i l a b l e f o r s a l e w i t h c e r t i f i c a t i o n o f t h e i r q u a l i t y , 
and the promise of FID 76, t h a t use of any dye o t h e r than one o f 
the seven i n c e r t i f i e d form would be ground f o r p r o s e c u t i o n , 
c o u l d be r e a l i z e d . 

The l e g a l a u t h o r i t y f o r t h i s promise soon came under a t t a c k . 
The a f f e c t e d i n d u s t r i e s were w a t c h i n g the developments i n 
Washington, and a t l e a s t one t r a d e group, the N a t i o n a l Confec­
t i o n e r s A s s o c i a t i o n , d i d not l i k e what i t saw. I t s l e g a l counsel, 
Thomas Lannen of Chicago, a d v i s e d the members t h a t they d i d not 
need to worry because FID 76 and FID 77, i n h i s s t u d i e d o p i n i o n , 
overstepped the a u t h o r i t y granted the Department of A g r i c u l t u r e 
by the Food and Drug Act o f 1906. This o p i n i o n appeared i n the 
December 1907 i s s u e of the American Food J o u r n a l . Lannen ex­
p l a i n e d t h a t as the law merely p r o h i b i t e d poisonous c o l o r s , the 
Board o f Food and Drug I n s p e c t i o n had no a u t h o r i t y to r e s t r i c t 
c o l o r s to any s h o r t chosen l i s t . The Board i t s e l f was w i t h o u t 
a u t h o r i z a t i o n i n the law, but FID 77 was the worst o f f e n d e r as i n 
i t the Board "made the l e g a l i t y o r i l l e g a l i t y of the use o f a 
c o l o r dependent on whether o r not p e r m i s s i o n has been g i v e n by 
the government to use i t i n s t e a d of b e i n g dependent on the n a t u r e 
of the c o l o r " (34). 
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Hesse and W i l e y a p p a r e n t l y were unaware of t h i s c r i t i c i s m , 
but then n e i t h e r seemed o v e r l y concerned w i t h the l e t t e r o f the 
law, e s p e c i a l l y i f i t might i n t e r f e r e w i t h the p r o t e c t i o n o f the 
food s u p p l y . McCabe, however, b e i n g a law y e r i n s t e a d o f a 
s c i e n t i s t , was concerned w i t h j u s t these p o i n t s , a l t h o u g h he had 
not y e t brought them b e f o r e W i l e y o r Dunlap. 

S e v e r a l f i r m s r a i s e d narrower o b j e c t i o n s to the c o l o r c e r t i ­
f i c a t i o n p r o c e s s . At l e a s t one contended t h a t Hesse's s t a n d a r d s , 
as demonstrated by the r e j e c t i o n s they had r e c e i v e d , were r u i n i -
o u s l y h i g h ( 3 5 ) . Others appealed f o r Board a u t h o r i z a t i o n to s e l l 
the seven p e r m i t t e d c o l o r s i n u n c e r t i f i e d form, a t l e a s t u n t i l 
s u f f i c i e n t c e r t i f i e d c o l o r s were a v a i l a b l e . Hesse r e p l i e d t o the 
former o b j e c t i o n s by c i t i n g Kohnstamm's l i g h t green as p r o o f t h a t 
h i s standards were not unreasonable, and to the l a t t e r by c l a i m ­
i n g t h a t such p e r m i s s i o n would undermine the e n t i r e program ( 3 6 ) . 
The Board, however, took no a c t i o n a g a i n s t those f i r m s which 
a d v e r t i s e d and s o l d the seven c o l o r s i n u n c e r t i f i e d form, and 
even i n f o r m a l l y approved the use of u n c e r t i f i e d but p e r m i t t e d 
c o l o r s i n response t o the s e v e r a l i n q u i r i e s (37,38). The Board 
a l s o r e c e i v e d r e q u e s t s o f v a r y i n g degrees of seriousness f o r a d d i ­
t i o n s to the p e r m i t t e d l i s t , but chose to d e f e r c o n s i d e r a t i o n 
o f these u n t i l the system was f u n c t i o n i n g smoothly f o r the seven 
c o l o r s . 

The Board's c h i e f a c t on c o l o r s a t t h i s time was r e q u i r i n g 
t h a t Hesse h i m s e l f perform the v e r i f i c a t i o n t e s t s on Kohnstamm's 
l i g h t green SF y e l l o w i s h . The c o l o r proved to be as good as 
Kohnstamm had c l a i m e d (39,40). Kohnstamm f o l l o w e d i t s success 
w i t h the green w i t h s i m i l a r l y a c c e p t a b l e batches o f ponceau 3R 
and orange I i n February, and i n d i g o d i s u l f o n i c a c i d , e r y t h r o -
s i n e , and amaranth i n March ( 4 1 ) . The remaining c o l o r , naphthol 
y e l l o w S, proved more d i f f i c u l t . I t d i f f e r e d from the poisonous 
m a r t i u s y e l l o w o n l y i n the presence o f a s i n g l e s u l f o n i c a c i d 
group. Thus, any degree o f incompleteness i n the s u l f o n a t i o n 
r e a c t i o n l e f t the dye contaminated. Kohnstamm s o l v e d t h i s p r o ­
blem by mid-summer. Now t h a t s m a l l batches o f a l l i t s c o l o r s had 
been a c c e p t e d , the f i r m attempted o p e r a t i o n s on a commercial 
s c a l e , w i t h batches o f hundreds r a t h e r than tens of pounds. I t 
encountered a d d i t i o n a l problems; the c a s t i r o n water p i p e s i n the 
f a c t o r y , f o r example, contaminated the water s u p p l y s u f f i c i e n t l y 
to cause some batches t o f a i l the heavy metal t e s t . 

One by one Kohnstamm succeeded w i t h the c o l o r s . By 
November, i t had f o u r c o l o r s i n l a r g e batches f o r which i t had 
sent c e r t i f i c a t e s to the Board. By the new y e a r , i t was s u f f i ­
c i e n t l y c o n f i d e n t of success t h a t on January 26, 1909 i t announced 
to the t r a d e t h a t i t was ready to accept o r d e r s f o r c e r t i f i e d 
c o l o r s . I n i t i a l l y , o r d e r s would be accepted f o r the c o l o r s o n l y 
as compounded i n t o Kohnstamm's w e l l e s t a b l i s h e d customary c o l o r 
m i x t u r e s which s o l d under names such as "auramine" and "choco­
l a t e brown," r a t h e r than as Hesse had hoped, as pure dyes (42,43). 
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A l t h o u g h Hesse had s p e c u l a t e d e a r l y i n 1908 t h a t Kohnstamm 
might w e l l end w i t h a monopoly i n c e r t i f i e d c o l o r s , and t h a t t h i s 
would not n e c e s s a r i l y be a bad t h i n g (44) , i n May a second f i r m 
( S c h o e l k o p f , H a r t f o r d , and Hanna o f B u f f a l o , New York) began 
s e r i o u s attempts a t p r e p a r a t i o n and a n a l y s i s o f s p e c i a l l y p u r i ­
f i e d l o t s o f the seven c o l o r s f o r c e r t i f i c a t i o n and subsequent 
s a l e through i t s N a t i o n a l A n i l i n e Company s u b s i d i a r y . Apparent­
l y , S c hoelkopf took the news t h a t a s m a l l American s p e c i a l t y 
house was s u c c e e d i n g i n p r o d u c i n g food c o l o r s o f such h i g h p u r i t y 
as a d i r e c t c h a l l e n g e ( 4 5 ) . Schoelkopf was by f a r the l a r g e s t 
and most s u c c e s s f u l n a t i v e American manufacturer of c o a l - t a r 
c o l o r s , a c c o u n t i n g f o r a p p r o x i m a t e l y 10% o f domestic consumption, 
and t h i s unique p o s i t i o n was no doubt the reason i t so r e a c t e d 
to Kohnstamm's achievements. I t had a proud r e c o r d of s u c c e s s f u l 
i n n o v a t i o n i n the face o f the German c a r t e l , h a v i n g i n t r o d u c e d 
s e v e r a l new dyes to the t e x t i l e t r a d e , and h a v i n g made g r e a t 
s t r i d e s towards a c h i e v i n g i t s own s u p p l i e s o f i n t e r m e d i a t e s (46). 

Once Hesse, and through him W i l e y , became con v i n c e d o f 
S c h o e l k o p f s s i n c e r i t y , they began a s s i s t i n g the company i n meet­
i n g i t s g o a l , much as they had h e l p e d Kohnstamm. Hesse h e l d 
s e v e r a l meetings w i t h r e p r e s e n t a t i v e s o f the f i r m i n New York and 
t r a v e l e d t w i c e , w i t h W i l e y ' s a p p r o v a l , to B u f f a l o . Once S c h o e l ­
kopf s t a r t e d i t made i m p r e s s i v e c h e m i c a l p r o g r e s s ; i n a s i n g l e 
week i t s chemists reduced the l e v e l o f m a r t i u s y e l l o w i n t h e i r 
n a p t h o l y e l l o w S from 10 to 0.25 p e r c e n t ; Kohnstamm's c e r t i f i e d 
b a t c h , however, c o n t a i n e d o n l y 0.05 p e r c e n t . In p a r t , S c h o e l ­
k o p f s success might have been a r e s u l t o f knowing i t c o u l d be 
done, but i t was a l s o the r e s u l t o f h a v i n g a s t a f f o f t r a i n e d dye 
c h e m i s t s . Where Kohnstamm had taken the best dyes i t c o u l d pur­
chase from Badische and developed methods f o r t h e i r p u r i f i c a t i o n , 
S c h oelkopf took the best i n t e r m e d i a t e s i t c o u l d make or buy and 
f a b r i c a t e d i t s own dyes ( 4 7 ) . 

By the b e g i n n i n g o f 1909, the food c o l o r q u e s t i o n seemed to 
be heading r a p i d l y towards a c o n c l u s i o n s a t i s f a c t o r y to W i l e y and 
Hesse. Two f i r m s were competing to produce goods o f h i t h e r t o 
u n a v a i l a b l e q u a l i t y , and one had begun to accept o r d e r s . The 
Board had accepted c e r t i f i c a t e s f o r batches o f a l l seven c o l o r s , 
so t h e r e were now standards f o r the c o l o r s , even i f these were 
known o n l y to Hesse, the Board, a few men i n the Bureau's New 
York l a b o r a t o r y , and the c e r t i f i e r s themselves ( 4 8 ) . 

Dunlap and McCabe, as the m a j o r i t y o f the Board, thought 
these standards s h o u l d now be p u b l i s h e d f o r a l l to see. They i n ­
s t r u c t e d Hesse to prepare standards u s i n g the f i g u r e s he had i n 
mind when Kohnstamm s u b m i t t e d h i s c o l o r s . Hesse o b j e c t e d s t r o n g ­
l y . E a r l y p u b l i c a t i o n c o u l d o n l y a i d the f o r e i g n f i r m s a f t e r two 
American b u s i n e s s e s had done the work. He had had no f i g u r e s i n 
mind beforehand; h i s o n l y i d e a had been to prod Kohnstamm and 
Schoelkopf to go as f a r as t e c h n i c a l l y f e a s i b l e . The two e s t a b ­
l i s h m e n t s deserved some reward f o r t h e i r e f f o r t s and c o o p e r a t i o n 
when o t h e r s had j u s t s c o f f e d . A l l o w i n g the f i r m s t o be the f i r s t 
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on the market w i t h c e r t i f i e d c o l o r s , he argued, was the l e a s t 
the Board c o u l d do. While the reasons remain u n c l e a r , no s t a n ­
dards were p u b l i s h e d at t h i s time ( 4 9 ) . 

As the two companies approached the b e g i n n i n g o f m a r k e t i n g , 
they found problems i n the d e f i n i t i o n s o f " m i x t u r e " and " b a t c h " 
g i v e n i n FID 77. Kohnstamm complained t h a t t r a d i t i o n a l l y food 
dyes had been s o l d to the t r a d e m o s t l y as b l e n d s d i l u t e d to some 
st a n d a r d w i t h a harmless d i l u e n t such as sugar o r water, and t h a t 
some customers, such as r e t a i l b a k e r s , would o n l y accept c o l o r s 
i n p aste o r l i q u i d form. Hesse agreed t h a t s i n c e m i x t u r e s were 
to be a l l o w e d , these d i l u e n t s s h o u l d be p e r m i t t e d and recommended 
to the Board t h a t they so amend the r e g u l a t i o n s . Schoelkopf 
argued t h a t t h e r e was no l o g i c a l reason to r e q u i r e each s i n g l e 
p r e p a r a t i o n by a manufacturer to be a sep a r a t e b a t c h , e s p e c i a l l y 
as the equipment a v a i l a b l e o f t e n had a s m a l l c a p a c i t y . A l l o w i n g 
u n i f o r m m i x i n g of s e v e r a l such l o t s i n t o a s i n g l e b a t c h seemed 
more r e a s o n a b l e . Hesse c o n c u r r e d , and passed t h i s s u g g e s t i o n on 
to the Board. The Board accepted H e s s e 1 s recommendation but 
l i m i t e d the s i z e o f such batches to f i v e hundred pounds. I t 
p u b l i s h e d these r e v i s e d d e f i n i t i o n s i n March 1909 as FID 106 (50). 

Much t o everyone's s u r p r i s e , t h e r e was l i t t l e i n i t i a l market 
response to Kohnstamm's January announcement t h a t i t would accept 
o r d e r s f o r c e r t i f i e d c o l o r s . E. G. Kohnstamm wondered i f he 
would be l e f t w i t h o n l y g l o r y and f i n a n c i a l l o s s f o r h i s e f f o r t s 
but p r e s s e d on; h i s company was p u b l i c l y as w e l l as f i n a n c i a l l y 
committed and hoped t h a t a c t u a l shipment o f these c o l o r s and 
e v e n t u a l l y the l o n g promised Board announcement o f a d e a d l i n e 
mandating t h e i r use would spur s a l e s ( 5 1). 

Kohnstamm encountered the k i n d s o f d e l a y s t h a t o f t e n plague 
new systems and s e v e r a l times had to push back the i n i t i a l s h i p ­
p i n g d ate. What i t found most t r y i n g , perhaps because i t was 
beyond i t s c o n t r o l , were the e x t e n s i v e d e l a y s i n r e c e i v i n g c e r t i ­
f i c a t e s from the Board. The Board's procedure was cumbersome and 
slow. Kohnstamm sent c e r t i f i c a t e s and samples to the Board i n 
Washington where they were checked f o r form and completeness. 
These went next to the Bureau o f Chemistry's New York l a b o r a t o r y 
where a s i n g l e chemist, i n a d d i t i o n t o o t h e r d u t i e s , repeated a l l 
the t e s t s the f i r m had done on the dye t o see i f i t indeed match­
ed the r e s u l t s and q u a l i t y c l a i m e d . The chemist then sent h i s 
r e p o r t to Hesse. I f Hesse approved i t , he informed the Board, 
who o n l y then i s s u e d a c e r t i f i c a t e and a s s i g n e d a l o t number (52, 
53). I n e x a s p e r a t i o n , the company a d v e r t i s e d i n May t h a t i t 
would s h i p a l l o r d e r s on hand on June 1 "unl e s s the US l a b o r a t o r y 
f a i l s to check up our c e r t i f i c a t i o n s . . . promptly, which has 
been the case up to now, but we have every reason t o b e l i e v e they 
w i l l do more e x p e d i t i o u s work on them i n the f u t u r e " (54). 

T h i s b a c k l o g was not c l e a r e d up u n t i l e a r l y J u l y , so 
Kohnstamm d i d not p u b l i s h i t s f i r s t p r i c e l i s t o f c e r t i f i e d 
c o l o r s u n t i l August. A l l c o l o r s on t h i s l i s t were trade-named 
m i x t u r e s . Shoelkopf f o l l o w e d i n September, a d v e r t i s i n g the seven 
c o l o r s as c e r t i f i e d under t h e i r t e c h n i c a l names (55). 
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Now th a t c e r t i f i e d c o l o r s were i n the m a r k e t p l a c e , Hesse 
wrote Wiley i n J u l y , i t seemed time f o r the Board to s e t a date 
a f t e r which the use of c e r t i f i e d c o l o r s would be r e q u i r e d . W i l e y 
r e p l i e d t h a t he had a l r e a d y proposed to the Board t h a t i t s e t a 
date, perhaps October 1, a f t e r which i t would proceed towards 
p r o s e c u t i o n i n a l l cases where o t h e r then c e r t i f i e d c o l o r s were 
used. He had no i d e a , however, what a c t i o n the Board, t h a t i s 
McCabe and Dunlap, would t a k e . A f t e r c o n s u l t a t i o n w i t h both 
Kohnstamm and S c h o e l k o p f , Hesse suggested January 1, 1910 as a 
more r e a l i s t i c date (56,57). 

The Board f l a t l y r e f u s e d to accept t h i s a d v i c e . When f o r c e d 
to a d e c i s i o n , the c o n f l i c t between crusader W i l e y and lawyer 
McCabe f l a r e d as i t had over s e v e r a l o t h e r i s s u e s (58). 
With Dunlap c a s t i n g the d e c i d i n g v o t e , the Board r u l e d i n Novem­
ber t h a t , under the law, o t h e r dyes c o u l d not and s h o u l d not be 
f o r b i d d e n u n l e s s the Bureau o f Chemistry ( i . e . Hesse) c o u l d p r e ­
sent evidence that the dyes i n q u e s t i o n were harmful to human 
h e a l t h . C o n s i d e r i n g the number o f dyes on the market, t h i s was 
tantamount to r e j e c t i n g mandatory c e r t i f i c a t i o n . S t i l l , the 
d e c i s i o n reached was i n e s c a p a b l e to one concerned, as McCabe was, 
w i t h the t e x t of the law as enacted. The s t a t u t e o n l y e x p r e s s l y 
p r o h i b i t e d poisonous c o l o r i n c o n f e c t i o n a r y , and under the gen­
e r a l a d u l t e r a t i o n c l a u s e , p r o h i b i t e d any added i n g r e d i e n t which 
would render a food harmful to h e a l t h . T h i s was as f a r as McCabe 
would go. The q u e s t i o n o f moral p r o p r i e t y was s i m p l y not r e l e ­
v ant. I t was the duty of the e x e c u t i v e branch to e n f o r c e the 
law ;is enacted, and not to l e g i s l a t e (59). 

Hesse doubted t h a t a l e v e l o f p r o o f s u f f i c i e n t to convince 
McCabe e x i s t e d f o r more than a few c o l o r s . The best t h a t c o u l d 
be done would be to show t h a t some s p e c i f i c c o a l - t a r dyes were 
a c u t e l y t o x i c to t e s t animals i n r e l a t i v e l y s m a l l doses. Many 
a v a i l a b l e c o l o r s had never been t e s t e d at a l l . I n j u r i o u s c h a r a c ­
t e r c o u l d be demonstrated f o r a few common i m p u r i t i e s , e s p e c i a l l y 
a r s e n i c . Even f o r the seven l i s t e d c o l o r s , a l l t h a t c o u l d be 
s a i d was t h a t they had f a i l e d to cause harm i n the face o f a t ­
tempts to demonstrate such harm i n t e s t animals. J u s t i f y i n g the 
q u a l i t y c o n t r o l requirements of batch c e r t i f i c a t i o n under McCabe's 
g u i d e l i n e s was even more u n l i k e l y . Hesse c o u l d argue o n l y t h a t , 
g i ven a chance, the r e g u l a t o r y approach he had developed would 
p r o v i d e an ample supply o f s a f e c o l o r s f o r the i n d u s t r y and the 
p u b l i c , w h i l e a t t e m p t i n g to r e q u l a t e c o l o r s by banning h a r m f u l 
ones would not (60). 

McCabe and Dunlap a p p a r e n t l y were convinced of the p o t e n t i a l 
e f f i c a c y of the c e r t i f i c a t i o n program, and were aware o f the time 
and e f f o r t t h a t had been expended i n i t s development, but i t r e ­
mained a program w i t h o u t l e g a l s a n c t i o n . Through the w i n t e r , 
the two men searched f o r a way to r e s o l v e the c o n f l i c t and s a l ­
vage Hesse's work. Dunlap, a chemist h i m s e l f , c o u l d w e l l appre­
c i a t e Hesse's arguments. 
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Both Kohnstamm and S choelkopf were, as might be expected, 
in c e n s e d a t the t u r n o f e v e nts. The s a l e of c e r t i f i e d c o l o r s 
thus f a r had been d i s a p p o i n t i n g , d i s p r o v i n g Kohnstamm 1s e a r l i e r 
c o n t e n t i o n t h a t the c e r t i f i e d c o l o r s would, w i t h i n a few months, 
d i s p l a c e u n c e r t i f i e d c o l o r s w i t h o u t any d i r e c t government p r e s ­
s u r e . W. H. Watkins, S c h o e l k o p f 1 s c h i e f c hemist, j u s t i f i a b l y 
complained t h a t the government c o n s i s t e n t l y had l e d him and h i s 
company t o b e l i e v e t h a t use o f c e r t i f i e d c o l o r s would be manda­
t o r y once the c o l o r s became a v a i l a b l e . I n support o f h i s a l l e g a ­
t i o n , he quoted from FID 76 and FID 77 and from s e v e r a l subse­
quent l e t t e r s from Board chairman W i l e y (61). What Watkins c o u l d 
not know was t h a t W i l e y was not i n a p o s i t i o n to d e l i v e r what he 
had promised. E. G. Kohnstamm, i n s i m i l a r d i s g u s t , wrote t h a t 
h i s company would r e v i v e i t s u n c e r t i f i e d l i n e and would submit 
no f u r t h e r batches f o r c e r t i f i c a t i o n " u n t i l such time as we can 
get the t r a d e to b e l i e v e t h a t C e r t i f i e d C o l o r s a r e the l e g a l 
c o l o r s , o r u n t i l some o f f i c i a l a c t i o n i s taken to i n d i c a t e to the 
g e n e r a l p u b l i c t h a t t h i s i s a f a c t " (62). 

In the meantime, Dunlap and McCabe worked out what they 
b e l i e v e d was as good a s o l u t i o n as the law a l l o w e d . They would 
s t r o n g l y and o f f i c i a l l y recommend the use o f c e r t i f i e d c o l o r s . 
Wiley r e f u s e d to s i g n h i s name to t h i s , but S e c r e t a r y W i l s o n 
approved the scheme on A p r i l 7, 1910, and i s s u e d i t as FID 117. 
The c l e v e r n e s s w i t h which the FID was worded bears r e p e a t i n g : 

" C e r t i f i e d dyes may be used i n food w i t h o u t o b j e c t i o n by the 
Department of A g r i c u l t u r e , p r o v i d i n g the use o f the dye i n food 
does not c o n c e a l damage o r i n f e r i o r i t y . . . 

U n c e r t i f i e d c o a l - t a r dyes are l i k e l y t o c o n t a i n a r s e n i c and 
o t h e r poisonous m a t e r i a l , w h i c h , when used i n f o o d , may render 
such food i n j u r i o u s to h e a l t h and, t h e r e f o r e , a d u l t e r a t e d under 
the law. 

I n a l l cases where foods s u b j e c t to the p r o v i s i o n s o f the 
Food and Drugs Act o f June 30, 1906, are found c o l o r e d w i t h dyes 
which c o n t a i n e i t h e r a r s e n i c o r o t h e r poisonous o r d e l e t e r i o u s 
i n g r e d i e n t which may render such foods i n j u r i o u s to h e a l t h , the 
cases w i l l be r e p o r t e d to the Department o f J u s t i c e and p r o s e c u ­
t i o n s had" (61). 

To a l l but the most c a r e f u l r e a d e r , t h i s i m p l i e d t h a t the 
use of any c o l o r o t h e r than a c e r t i f i e d one would be grounds f o r 
p e r s e c u t i o n . Only a ve r y a s t u t e person, o r a w e l l t r a i n e d lawyer, 
would r e a l i z e t h a t the government had r e t r e a t e d one s t e p from 
mandating c e r t i f i c a t i o n , and i n s t e a d had merely reminded the 
t r a d e t h a t o t h e r c o l o r s were l i a b l e to c o n t a i n h a r m f u l i m p u r i t i e s 
and thus p r o v i d e ground f o r p r o s e c u t i o n . So, McCabe, Dunlap, and 
W i l s o n e s t a b l i s h e d the p r i n c i p l e o f a v o l u n t a r y c e r t i f i c a t i o n 
program f o r c o a l t a r food c o l o r s coupled w i t h s t r o n g l y worded en­
couragement o f i t s use. The government c o u l d not r e q u i r e use o f 
c e r t i f i e d c o l o r s , but i t would attempt t o make such use to i n d u s ­
t r y ' s advantage. 

While FID 117 may not have been the o n l y r e a s o n , s a l e s o f 
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c e r t i f i e d c o l o r s soon showed dramatic improvement. Other c o n t r i ­
b u t i n g f a c t o r s i n c l u d e d heavy promotion o f c e r t i f i e d c o l o r s by 
the two f i r m s , and r e g u l a t i o n s i s s u e d by the s t a t e food commis­
s i o n e r s o f I l l i n o i s , Iowa, Idaho, and Nevada mandating the use o f 
o n l y c e r t i f i e d c o l o r s i n t h e i r s t a t e s . I n October, Kohnstamm 
reopened i t s p r o d u c t i o n l i n e . E. G. Kohnstamm wrote to W i l e y o f 
the g r e a t headway h i s f i r m had made i n c o n v i n c i n g food j o b b e r s to 
market c e r t i f i e d c o l o r s ( 64). The Board r e c e i v e d enough r e q u e s t s 
from j o b b e r s who wished t o repack a l r e a d y c e r t i f i e d c o l o r s under 
t h e i r own l a b e l s t h a t i t i s s u e d FID 129 i n November, a u t h o r i z i n g 
t h i s p r a c t i c e and g i v i n g a procedure to be f o l l o w e d f o r r e c e r t i ­
f i c a t i o n ( 6 5). By 1912 the demand f o r c e r t i f i e d c o l o r s had be­
come so great t h a t Watkins requested t h a t Schoelkopf be sent 
c o l l e c t t e l e g r a p h n o t i f i c a t i o n of acceptance o r r e j e c t i o n of 
b a t c h e s , j u s t to save a day o r two on the p r o c e s s , and by t h i s 
time c e r t i f i c a t i o n had become s u f f i c i e n t l y r o u t i n e t h a t the time 
r e q u i r e d had been reduced to an average o f f i v e days (66). 

By e a r l y 1910, the b u l k o f Hesse's work had been completed. 
I n June, he f i n a l l y r e t u r n e d to the o r i g i n a l work he had aban­
doned i n 1907, the d e v i s i n g o f a scheme f o r the d e t e c t i o n , s e p a r ­
a t i o n , and i d e n t i f i c a t i o n o f c o a l - t a r c o l o r s i n foods. T h i s work 
was a l s o n e c e s s a r y as the government c o u l d not s u c c e s s f u l l y p r o ­
s e c u t e a manufacturer f o r u s i n g a poisonous c o l o r i n h i s p r o d u c t s 
u n l e s s the dye's presence c o u l d be demonstrated. Over the next 
s e v e r a l months he completed t h i s work w i t h the a s s i s t a n c e o f a 
Bureau s t a f f chemist. No r e p o r t o f t h i s work was ever p u b l i s h ­
ed ( 6 7 ) . 

Hesse a l s o began t o w r i t e an o f f i c i a l r e p o r t o f h i s work f o r 
the Bureau. In i t , he i n c l u d e d a h i s t o r y o f the p r o j e c t , the 
r e a s o n i n g behind the r e g u l a t i o n s he developed, h i s e n t i r e l i t e r a ­
t u r e s e a r c h on the t o x i c o l o g y o f the c o a l - t a r c o l o r s ( t h i s was 
the l o n g e s t s e c t i o n of the r e p o r t ) , h i s a n a l y s i s o f commercial 
samples from 1907 o f the seven p e r m i t t e d c o l o r s , the standards 
o f p u r i t y f o r c e r t i f i c a t i o n o f each o f these c o l o r s , and the p r o ­
per methods f o r t e s t i n g f o r these s t a n d a r d s . He f i n i s h e d i n l a t e 
August of 1910 and sent the r e p o r t to W i l e y f o r review and 
comment. He made s e v e r a l minor r e v i s i o n s and a d d i t i o n s i n r e s ­
ponse to W i l e y ' s comments, r e t u r n e d the manuscript to W i l e y ( 6 8 ) , 
and, h i s work completed, r e s i g n e d h i s government post e f f e c t i v e 
June 1, 1911 (69). 

In January 1911, W i l e y s e n t Hesse's manuscript on to S e c r e ­
t a r y W i l s o n w i t h a recommendation t h a t i t be p u b l i s h e d . I t 
appeared the f o l l o w i n g y e a r as Bureau o f Chemistry B u l l e t i n //147, 
" C o a l Tar C o l o r s Used i n Food P r o d u c t s . " Hesse's r e p o r t remained 
the s t a n d a r d work on the s u b j e c t f o r many y e a r s ; i t was h e a v i l y 
c i t e d by a B r i t i s h P a r l i a m e n t a r y committee as l a t e as 1954 (70). 

On March 15, 1912, W i l e y h i m s e l f r e s i g n e d , f o l l o w i n g Hesse 
out o f government s e r v i c e . He had been worn down by y e a r s of 
f i g h t i n g w i t h W i l s o n and McCabe, and was weary o f h i s f r e q u e n t 
i n a b i l i t y to e s t a b l i s h enforcement p o l i c i e s , such as the mandatory 
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c e r t i f i c a t i o n o f food c o l o r s , t h a t he b e l i e v e d n e c e s s a r y f o r the 
p r o t e c t i o n o f the n a t i o n ' s food s u p p l y (71)• 

Over the y e a r s t h a t f o l l o w e d , an overwhelming m a j o r i t y of 
the p r i m a r y dyes used i n food came from c e r t i f i e d l o t s . Both 
the number o f batches and the t o t a l pounds c e r t i f i e d grew s t e a d ­
i l y over the l i f e of the W i l e y A c t . Thus the v o l u n t a r y c e r t i f i ­
c a t i o n p l a n worked r e a s o n a b l y w e l l . With the enactment o f the 
Food, Drug, and Cosmetic A c t o f 1938, food c o l o r c e r t i f i c a t i o n 
became mandatory. Although somewhat m o d i f i e d , i n response t o 
changed s c i e n t i f i c s t a n d a r d s , by the C o l o r A d d i t i v e Amendment 
of 1960, Hesse's procedures remain today the b a s i s o f American 
r e g u l a t o r y p o l i c y . 

Food c o l o r s were one o f the e a r l i e s t p r o d u c t s o f s c i e n t i f i c 
t e c h nology t o be s u b j e c t e d to c l o s e government r e g u l a t i o n , but 
over the y e a r s t h i s type o f c o n t r o l has been expanded t o many 
o t h e r a r e a s . As I have d i s c u s s e d at l e n g t h elsewhere ( 7 2 ) , the 
r e l a t i v e success of t h i s program g i v e s some cause f o r optimism. 
Over many y e a r s i t has accompl i s h e d i t s g o a l : p r o v i d i n g i n d u s t r y 
w i t h an ample su p p l y o f p r o d u c t s t o meet t e c h n i c a l and economic 
requirements w h i l e p r o t e c t i n g the p u b l i c from c o l o r s c o n s i d e r e d 
dangerous by e v e r changing contemporary s c i e n t i f i c s t a n d a r d s . 
While some c r i t i c s have contended t h a t the r e g u l a t o r y p r o c e s s 
does not and can not work, and o t h e r s have documented cases 
where i t has not worked, government by r e g u l a t i o n i s not doomed 
to f a i l u r e . The case o f food c o l o r s shows t h a t i s i s p o s s i b l e 
to work w i t h r e g u l a t e d i n d u s t r i e s , as Hesse and W i l e y d i d w i t h 
Kohnstamm and Sc h o e l k o p f , w i t h o u t abandoning the proper m i s s i o n 
of the r e g u l a t o r y agency. 
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8 
The Uric Acid Fetish: Chemistry 
and Deviant Dietetics 

JAMES C. WHORTON 
University of Washington, Department of Biomedical History, Seattle, WA 98105 

Early twentieth century alarm over the presumed 
pathological effects of uric acid provoked con­
siderable concern among both physicians and the 
public for controlling "uricacidemia" through diet 
and medication. Although finally discarded as 
merely a fetish, the uric acid scare is an impress­
ive illustration of the impact of modern chemistry 
on popular, as well as medical thought. 

" F o r many y e a r s ' d i e t ' has taken the p l a c e o f the ' w e a t h e r ' 
as a s u b j e c t o f c o n v e r s a t i o n a t the p u b l i c d i n n e r - t a b l e , and 
a b s t i n e n c e from c e r t a i n foods has been r a i s e d t o the l e v e l o f a 
v i r t u e by some p e o p l e . " (1_) These remarks by an a u t h o r i t y on 
gout and rheumatism were Tntended t o d e s c r i b e the f i r s t two 
decades o f the t w e n t i e t h c e n t u r y . But they have as w e l l a t i m e -
l e s s n e s s a t once apparen t to anyone who has endured contemporary 
d i n n e r t a b l e c o n v e r s a t i o n about v e g e t a r i a n , o r g a n i c , m a c r o b i o t i c , 
m e g a v i t a m i n , o r o t h e r e x o t i c d i e t . A b s t i n e n c e from c e r t a i n foods 
and d e d i c a t e d consumpt ion o f c e r t a i n o t h e r s , moreover , have been 
r e g u l a r l y j u s t i f i e d th roughout the pa s t 150 y e a r s by arguments 
d e r i v e d from c h e m i s t r y . Around the t u r n o f t h i s c e n t u r y , p a r t i c ­
u l a r l y , as b i o c h e m i c a l fo rmulae became so abundan t ly a v a i l a b l e 
and the m o l e c u l a r p h i l o s o p h y o f v i t a l f u n c t i o n i n g rose t o domi­
nance i n p o p u l a r t h o u g h t , d i e t a r y re fo rmers e x h i b i t e d a compul ­
s i o n t o r a t i o n a l i z e t h e i r p r a c t i c e s w i t h hypotheses about r e a c t ­
i o n s between the m o l e c u l e s o f food and o f the body. 

To be s u r e , the f o r m u l a t i o n o f those hypotheses was c lumsy 
and s u b j e c t i v e , gu ided l e s s by s c i e n t i f i c acumen than by d e t e r ­
m i n a t i o n t o v a l i d a t e d i e t a r y p r a c t i c e s a l r e a d y adopted on the 
b a s i s o f pe r sona l e x p e r i e n c e o r p h i l o s o p h i c a l i n c l i n a t i o n . Y e t 
as s c i e n t i f i c a l l y n a i v e and s h o r t - l i v e d as food re fo rm c rusades 
have g e n e r a l l y been , t h e i r l e a d e r s have too f r e q u e n t l y a t t r a c t e d 
s i z e a b l e f o l l o w i n g s , i n c l u d i n g w e l l - e d u c a t e d and o t h e r w i s e c r i t i ­
c a l m inds , t o be d i s m i s s e d so f l i p p a n t l y as " the nuts among the 
b e r r i e s . " (2) One might even argue t h a t i n a sense the impact o f 

0097-6156/93/0228-0147 $06.00/0 
© 1983 American Chemical Society 

 P
ub

lic
at

io
n 

D
at

e:
 A

ug
us

t 2
3,

 1
98

4 
| d

oi
: 1

0.
10

21
/b

k-
19

84
-0

22
8.

ch
00

8

In Chemistry and Modern Society; Parascandola, J., el al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1984. 



148 C H E M I S T R Y A N D M O D E R N SOCIETY 

c h e m i s t r y on p o p u l a r n o t i o n s o f n u t r i t i o n has been more p e r ­
v a s i v e than i n t h e more d r a m a t i c a r e a s o f m e d i c i n e , a g r i c u l t u r e , 
and w a r f a r e . The b e n e f i t s o f t h o s e l a t t e r a c t i v i t i e s have been 
g r a t e f u l l y , but p a s s i v e l y r e c e i v e d by the p u b l i c ; n o n - p r o f e s s ­
i o n a l s have not been p e r s o n a l l y i n v o l v e d i n t h e i r development, 
but have had t h o s e b l e s s i n g s c o n f e r r e d upon them as g i f t s from 
a c h e m i c a l s c i e n c e beyond the layman's ken. C o n v e r s i o n t o and 
p r a c t i c e o f a d i e t e t i c h e r e s y , however, r e q u i r e s an a c t i v e e f f ­
o r t t o comprehend t h e b i o c h e m i c a l mechanisms r e s p o n s i b l e f o r t h e 
p r a c t i c e ' s e f f i c a c y . The i n d i v i d u a l becomes i n v o l v e d i n a p p l y ­
i n g c h e m i c a l t h e o r y t o h i s own l i f e , and m i s g u i d e d o r n o t , t h a t 
a p p l i c a t i o n i s a s i g n i f i c a n t consequence o f the m a t u r a t i o n o f 
c h e m i s t r y d u r i n g the p a s t c e n t u r y . A case s t u d y o f an endeavor 
t o u t i l i z e c h e m i s t r y t o p u r i f y p o p u l a r d i e t can thus f u r t h e r 
i l l u m i n a t e t he r o l e o f c h e m i s t r y i n the e v o l u t i o n o f modern 
s o c i e t y . 

S e l e c t i n g the c a s e t o s t u d y i s i n i t s e l f an e x e r c i s e i n 
q u a l i t a t i v e a n a l y s i s . A merica's P r o g r e s s i v e p e r i o d was r i c h 
w i t h d i e t e t i c d i v e r s i t y , t h e e r a ' s s o c i a l r e f o r m o p t i m i s m and 
e n t h u s i a s m f o r s c i e n c e p u l l i n g f o r t h an e x t r a o r d i n a r y c o l l e c t i o n 
o f p r o p o s a l s t o save the w o r l d through c o r r e c t e d e a t i n g . Vege­
t a r i a n s , o f c o u r s e , had been drawing f a v o r a b l e ( i f i n v a l i d ) con­
c l u s i o n s from c h e m i s t r y s i n c e t h e 1830s, but t h e y took new h e a r t 
from t h e l a t e n i n e t e e n t h c e n t u r y i s o l a t i o n o f i n d o l e and o t h e r 
"ptomaines" as p r o d u c t s o f i n t e s t i n a l p u t r e f a c t i o n . A u t o i n t o x i ­
c a t i o n , o r s e l f - p o i s o n i n g w i t h ptomaines g e n e r a t e d from a h i g h 
p r o t e i n d i e t , became t h e c h i e f b i o c h e m i c a l argument o f e a r l y 
t w e n t i e t h c e n t u r y v e g e t a r i a n i s m . (3J I t even i n f l u e n c e d t h e 
t h i n k i n g o f m e a t - e a t i n g p h y s i c i a n s s u f f i c i e n t l y t o f o r c e more 
than one p r o f e s s i o n a l l e a d e r t o denounce t h e m e d i c a l l i t e r a t u r e 
on a u t o i n t o x i c a t i o n as "mad, m a u d l i n , j u m b l e d , m y s t i c , u n d i g e s t ­
ed," and "sophomoric." (4) 

A low p r o t e i n d i e t , not n e c e s s a r i l y m e a t l e s s , was a l s o 
s t r o n g l y urged by R u s s e l l C h i t t e n d e n and h i s f o l l o w e r s . P r o ­
f e s s o r o f p h y s i o l o g i c a l c h e m i s t r y a t Y a l e and a p i o n e e r i n h i s 
d i s c i p l i n e i n the U n i t e d S t a t e s , C h i t t e n d e n was l e d by p e r s o n a l 
e x p e r i e n c e and e x p e r i m e n t t o h i s c o n v i c t i o n t h a t 50 grams o f p r o ­
t e i n p e r day was more h e a l t h f u l than the 120 grams then recom­
mended by a u t h o r i t i e s . (5_) But he e x p l a i n e d h i s e x p e r i m e n t a l 
f i n d i n g s w i t h b i o c h e m i c a l s p e c u l a t i o n about the e f f e c t o f p r o ­
t e i n o x i d a t i o n p r o d u c t s on l i v e r and k i d n e y f u n c t i o n , and one o f 
h i s s t a u n c h e s t s u p p o r t e r s , H a r v a r d c h e m i s t O t t o F o l i n , f o r w a r d e d 
an e l a b o r a t e scheme o f p r o t e i n m e t a b o l i s m t o s e r v e the same end. 
(6) D i e t a r y r e s t r a i n t o f a n o t h e r s o r t was a d v o c a t e d by Edward 
Hooker Dewey, a P e n n s y l v a n i a p h y s i c i a n who p o p u l a r i z e d a "No 
B r e a k f a s t P l a n " o f d a i l y l i v i n g , and employed f a s t i n g as a mode 
o f h y g i e n e and t h e r a p y as a r e s u l t o f h i s a n a l y s i s o f b i o c h e m i c a l 
changes i n t h e f a s t i n g body. (7.) In a d d i t i o n , " a p y r o t r o p h e r s , " 
t h e d i s c i p l e s o f uncooked f o o d s , a c c o u n t e d f o r t h e a c t i o n o f h e a t 
on f o o d i n terms o f " p r o t e i d s [ b e i n g ] c o a g u l a t e d , . . . t h e a t o m i c 
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arrangement o f s u g a r . . . r e n d e r e d i n c o n g e n i a l , . . . a n d t h e o i l s . . . 
f u s e d . " (8) But o f a l l t h e p e r i o d ' s systems o f d e v i a n t d i e t ­
e t i c s , none p l a c e d such heavy r e l i a n c e on b i o c h e m i s t r y o r had so 
immediate and wide an e f f e c t on p u b l i c , and m e d i c a l , t h o u g h t as 
t h e one d e s p i s e d by a c r i t i c as "The U r i c A c i d F e t i s h . " (9_) 
O r i g i n s o f t h e f e t i s h 
Few c h e m i c a l compounds have so u n e n v i a b l e a h i s t o r y as u r i c 
a c i d . White, o d o r l e s s , and t a s t e l e s s , i t i s saved from b e i n g 
u t t e r l y n o n d e s c r i p t o n l y by i t s v u l g a r o r i g i n s and p a t h o l o g i c a l 
i n v o l v e m e n t s . As a m e t a b o l i c e n d - p r o d u c t , i t i s n o r m a l l y found 
i n animal e v a c u a t i o n s , i n the u r i n e o f p r i m a t e s and t h e e x c r e ­
ment o f c r e a t u r e s such as b i r d s , s e r p e n t s , and s l u g s . I t was 
d i s c o v e r e d , i n 1776, i n u r i n a r y c a l c u l i , t h e k i d n e y and b l a d d e r 
s t o n e s which have been the cause o f so much s u f f e r i n g . And be­
f o r e t he c l o s e o f the e i g h t e e n t h c e n t u r y , u r i c a c i d had a l s o 
been i d e n t i f i e d i n t o p h i , the d e p o s i t s which t o r t u r e gout v i c ­
t i m s ' j o i n t s . In 1848, t h e London p h y s i c i a n A l f r e d G a r r o d de­
t e c t e d the s u b s t a n c e i n the b l o o d o f gout p a t i e n t s and s u g g e s t e d 
i t t o be the cause o f t h e d i s e a s e . (10) The f i n a l blows a g a i n s t 
the compound's c h a r a c t e r , however, were not s t r u c k u n t i l t h e 
c l o s e o f the n i n e t e e n t h c e n t u r y , when the a c i d came t o be a c c u s e d 
o f an a s t o n i s h i n g l y l o n g and v a r i e d l i s t o f m e d i c a l c r i m e s : "Of 
a l l words c o n n e c t e d w i t h d i s e a s e , " a commentator on Fads and 
F e e d i n g w r o t e , " p r o b a b l y u r i c a c i d i s more u n i v e r s a l l y known than 
any o t h e r . One hears i t c o n t i n u a l l y spoken o f as though i t were 
the most f a m i l i a r s u b s t a n c e on t h i s e a r t h , and a d v e r t i s e m e n t s o f 
some p r e p a r a t i o n which w i l l s e e m i n g l y e x p e l t h i s a r c h - f i e n d from 
the system meet one's gaze somewhere on the pages o f e v e r y d a i l y 
paper o r p e r i o d i c a l . " (11) 

The "High P r i e s t o f u r i c a c i d , " as C l e n d e n i n g dubbed him, 
was a n o t h e r London p h y s i c i a n , A l e x a n d e r H a i g . (1_2) Born i n 1853, 
he was tormented by m i g r a i n e t h r o u g h o u t h i s y o u t h and c o u l d f i n d 
no r e l i e f i n m e d i c i n e . He f i n a l l y t u r n e d , a t age 29, t o d i e t a r y 
t r e a t m e n t , f i r s t e l i m i n a t i n g s u g a r , then t e a , c o f f e e , and t o ­
bacco. But a l l s a c r i f i c e came to nought u n t i l he swept h i s t a b l e 
c l e a n o f animal foods ( e x c e p t c h e e s e and m i l k ) . Once the s w i t c h 
t o l a c t o - v e g e t a r i a n d i e t was made, he g r a d u a l l y overcame t h e 
headaches which had c o s t him one t o two days o f l o s t work each 
week d u r i n g h i s s t u d e n t c a r e e r a t O x f o r d . The v i c t o r y o c c a s i o n e d 
H a i g ' s f i r s t s c i e n t i f i c p u b l i c a t i o n , an 1884 paper d i s p l a y i n g 
a l r e a d y the c a v a l i e r h a n d l i n g o f b i o c h e m i s t r y which was t o become 
h i s trademark. H i s m i g r a i n e , he c o n f i d e n t l y t h e o r i z e d , had been 
due to impure b l o o d , the i m p u r i t y most l i k e l y b e i n g an a l k a l o i d 
p roduced by i n t e s t i n a l p u t r e f a c t i o n o f e x c e s s i v e p r o t e i n i n h i s 
d i e t . H i s e d u c a t e d s p e c u l a t i o n took a new c o u r s e , however, as 
Haig a c q u i r e d c l i n i c a l e x p e r i e n c e . He l e a r n e d t h a t s e v e r a l a u t h ­
o r i t i e s b e l i e v e d m i g r a i n e to be a consequence o f a gouty c o n s t i ­
t u t i o n . He knew as w e l l t h a t the c l a s s i c t r e a t m e n t f o r gout was 
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a low p r o t e i n d i e t such as t h e one which had removed h i s head­
a c h e s , and t h a t one o f t h e common drugs i n gout t h e r a p y — s a l i ­
c y l i c a cid--was a l s o u t i l i z e d a g a i n s t headache. C l o s e r exami­
n a t i o n u n c o v e r e d s e v e r a l s i g n s o f gout i n h i s p e r s o n a l and fam­
i l y h i s t o r y , so t h a t by 1886 t h e r e c o u l d be l i t t l e doubt i n h i s 
mind t h a t the m i g r a i n e p o i s o n was none o t h e r than "our o l d 
f r i e n d u r i c a c i d . " (13, 14_, 15) 

Development o f the u r i c a c i d t h e o r y 
T h a t term " f r i e n d , " i n t e n d e d t o be f a c e t i o u s , was i n f a c t 

p r o p h e t i c . H a i g was i n t h e p r o c e s s o f b u i l d i n g a l i f e l o n g p a r t ­
n e r s h i p w i t h t h e s u b s t a n c e , one t o which he would d e v o t e e x t r a ­
o r d i n a r y p e r s i s t e n c e and i m a g i n a t i o n i n o r d e r t o f i n d a p l a c e 
f o r u r i c a c i d i n e v e r y p a t h o l o g i c a l s i t u a t i o n . Born t h r o u g h 
p e r s o n a l e x p e r i e n c e , t h i s d e d i c a t i o n was t o be s u s t a i n e d by h i s 
s c i e n t i s t ' s d e s i r e t o s i m p l i f y m e d i c a l t h e o r y , and by an i n a d e ­
q u a t e t r a i n i n g i n a n a l y t i c a l and p h y s i o l o g i c a l c h e m i s t r y which 
p e r m i t t e d him t o i n v a r i a b l y d i s c o v e r ways t o make u r i c a c i d t h e 
s i m p l i f y i n g f a c t o r . E v e r y one o f H a i g ' s many papers was t o have 
some c o n n e c t i o n t o u r i c a c i d , as would h i s s e v e r a l books. H i s 
major work, U r i c A c i d as a_ F a c t o r i n t h e C a u s a t i o n o f D i s e a s e , 
went t h r o u g h seven e d i t i o n s , each o f which o f f e r e d more than 900 
pages o f p r a i s e t o the m a l e v o l e n c e o f the compound. 

The f r i e n d s h i p was t o o complex t o a l l o w d i s c u s s i o n o f a l l 
i n t i m a t e d e t a i l s , but a g e n e r a l d e s c r i p t i o n o f i t s e v o l u t i o n i s 
e a s i l y g i v e n . H a i g ' s s u s p i c i o n t h a t h i s headaches o r i g i n a t e d 
from u r i c a c i d was soon c o n f i r m e d by a n a l y s i s o f h i s own, and 
o t h e r m i g r a i n e p a t i e n t s ' u r i n e . Managing t o f i n d a d i r e c t c o r ­
r e l a t i o n between t h e q u a n t i t y o f u r i c a c i d e x c r e t e d and t h e oc­
c u r r e n c e o f headache, H a i g c o n c l u d e d t h a t an e x c e s s o f u r i c a c i d 
i n t h e b l o o d - - u r i c a c i d e m i a - - i n i t i a t e d headache, i n which c a s e 
the s w a l l o w i n g o f a sm a l l dose o f an a c i d t o l o w e r b l o o d pH and 
r e d u c e u r i c a c i d s o l u b i l i t y s h o u l d b r i n g r e l i e f . A l m o s t p r e ­
d i c t a b l y t h e t h e r a p y worked, y e t i t d i d b r i n g a s u r p r i s e . The 
c l e a r i n g o f u r i c a c i d from t h e b l o o d was s u c c e e d e d by new sympt­
oms o f p a i n s i n t h e j o i n t s , symptoms s u s p i c i o u s l y s i m i l a r t o 
t h o s e o f gout. And when t h e s e p a i n s were r e l i e v e d by a d m i n i ­
s t r a t i o n o f a l k a l i , H a i g r e c e i v e d h i s r e v e l a t i o n , h i s sudden 
a p p r e c i a t i o n o f the w o n d e r f u l s i m p l i c i t y o f what he began t o 
c a l l " t h e human t e s t t u b e . " (16_) 

In t h a t t e s t t u b e , he now saw, t h e p o i s o n u r i c a c i d c o u l d 
e x i s t i n s o l u t i o n o r as a p r e c i p i t a t e . I t s c o n d i t i o n depended on 
pH and t e m p e r a t u r e , j u s t as i n an o r d i n a r y t e s t t u b e , and i n 
e i t h e r e v e n t , whether i n the b l o o d o r t i s s u e s , i t produced d i s ­
e a s e . T h a t d e p o s i t s i n t h e t i s s u e s would c a u s e i r r i t a t i o n was 
o b v i o u s enough, but the mechanism by which d i s s o l v e d u r i c a c i d 
worked i t s havoc r e q u i r e d some l o g i c a l a n a l y s i s . S i n c e h i s 
m i g r a i n e p a i n was a g g r a v a t e d by s t o o p i n g and a l l e v i a t e d by a p p l y ­
i n g p r e s s u r e t o t h e a r t e r i e s o f the neck, H a i g deduced t h e immed­
i a t e c a u s e o f t h e headache had t o be e l e v a t e d b l o o d p r e s s u r e . 
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And s i n c e h i g h u r i c a c i d l e v e l s were a s s o c i a t e d w i t h m i g r a i n e 
as w e l l , t h e r e appeared t o be a p o s i t i v e r e l a t i o n between a c i d 
i n t h e b l o o d and b l o o d p r e s s u r e . F i n a l l y , H a i g had a l r e a d y ob­
s e r v e d t h a t t e s t tube s o l u t i o n s o f u r a t e s c o u l d be c h e m i c a l l y 
m a n i p u l a t e d t o form g e l a t i n o u s c o l l o f d s , and supposed i t was 
" q u i t e p o s s i b l e " a l i k e phenomenon might o c c u r i n t h e b l o o d . 
In one o f h i s f r e q u e n t b l i t h e l e a p s from i n v i t r o t o i n v i v o , 
H a i g p o s t u l a t e d t h e c o n d i t i o n o f c o l l a e m i a , " the p r e s e n c e o f 
u r i c a c i d as a c o l l o i d i n t he b l o o d s t r e a m and i t s a c t i o n as an 
o b s t r u c t o r o f t h e t i n y c a p i l l a r i e s . " (JK7) By impeding t h e f l o w 
o f b l o o d , c o l l o i d a l u r i c a c i d f o r c e d an i n c r e a s e i n b l o o d p r e s s ­
ure t h r o u g h o u t t h e body, and a l s o , H a i g r e a s o n e d , l o w e r e d t h e 
m e t a b o l i c r a t e ( o r , t o use h i s homely a n a l o g y , a c t e d l i k e "a 
wet b l a n k e t on a f i r e . " ) . (18) 

A p p l i c a t i o n o f the. t h e o r y t o p a t h o l o g y 
T h i s c o m b i n a t i o n o f d e p r e s s e d combustion and e x c e s s i v e 

b l o o d p r e s s u r e was a m a r v e l o u s l y v e r s a t i l e c o n s t r u c t which c o u l d 
be used t o a c c o u n t f o r a rem a r k a b l e a s s o r t m e n t o f c l i n i c a l p r o b ­
lems. I n h i b i t e d m e t a b o l i s m , f o r example, p e r m i t t e d s u g a r t o 
pass t h r o u g h t h e body u n o x i d i z e d , and was t h e r e f o r e the ca u s e o f 
d i a b e t e s . High b l o o d p r e s s u r e , on t h e o t h e r hand, was r e s p o n s i ­
b l e f o r coma ( a f t e r a l l , H a i g o b s e r v e d , p a t i e n t s emerging from 
coma o f t e n c o m p l a i n e d o f s e v e r e headache, and he had a l r e a d y 
shown headache t o be produced by abnormal b l o o d p r e s s u r e ) . Com­
p a r a b l e r e a s o n i n g was employed t o complete t h e l i s t o f c o l l a e m i a 
d i s e a s e s , a c a t a l o g u e which r a n thr o u g h i n s o m n i a , asthma, men­
s t r u a l d y s f u n c t i o n , n e u r i t i s , a t h e r o s c l e r o s i s , anemia, B r i g h t ' s 
d i s e a s e , Grave's d i s e a s e , i n s a n i t y , and h e m o r r h o i d s , t o r e p o r t 
but a few. A n o t h e r which s h o u l d n o t be l e f t o u t o f t h e r e c i ­
t a t i o n was t h e t e l l - t a l e c o l l a e m i c f a c e , a p i t i f u l v i s a g e d i s ­
t o r t e d by p u f f y s k i n and b u l g i n g e y e s . H a i g b o a s t e d he c o u l d 
guess a p a t i e n t ' s b l o o d p r e s s u r e s i m p l y by the s e v e r i t y o f h i s 
f a c i a l c o l l a e m i a . (19) 

U n f o r t u n a t e though i t was, c o l l a e m i c f a c e r e f l e c t e d o n l y t h e 
a i l m e n t s stemming from e x c e s s u r i c a c i d i n the b l o o d . Remaining 
were the problems caused by d e p o s i t i o n o f the compound i n t h e 
t i s s u e s , t h e " l o c a l o r p r e c i p i t a t i o n group" o f u r i c a c i d d i s ­
e a s e s . Gout headed t h i s l i s t , n a t u r a l l y , but a l l b o d i l y t i s ­
sues were s u b j e c t t o l o c a l i z e d u r i c i n f l a m m a t i o n , so t h a t p r o b ­
lems r a n g i n g from g a s t r i t i s and j a u n d i c e t o eczema and f l a t u l e n c e 
c o u l d be l a i d t o u r i c a c i d p r e c i p i t a t e s . The a c c o u n t was s t i l l 
n o t c o m p l e t e d by t h e a d d i t i o n o f t h e s e l a t t e r d i s e a s e s , f o r i t 
was e v i d e n t t o H a i g t h a t u r i c a c i d c o u l d be a p r e d i s p o s i n g f a c t o r 
as w e l l as immediate c a u s e . M i c r o b i c i n f e c t i o n , t h e p a t h o l o g i c a l 
e n t i t y w i t h which most o t h e r p h y s i c i a n s were p r e o c c u p i e d , might 
a l s o be i n t e r p r e t e d as a c o l l a e m i c p r o c e s s . Germs, Haig sub­
m i t t e d , t h r i v e o n l y i n b l o o d which i s impure and s l u g g i s h , " w h i l e 
t h o s e f a l l i n g i n t o t h e b r i g h t l y b u r n i n g f i r e o f a q u i c k combust-
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i o n w i t h f i n e c i r c u l a t i o n and s m a l l a c c u m u l a t i o n o f waste p r o ­
duc t s a r e themse lves b u r n t up and cannot produce d i s e a s e . " (20) 
T h u s , he e v e n t u a l l y came to m a i n t a i n , " u r i c a c i d i s the f a c t o r 
t h a t c o n t r o l s the r e s u l t s o f m i c r o b i c i n v a s i o n , and a l i f e f r e e 
from excess o f u r i c a c i d i s t o a l a r g e e x t e n t a l i f e immune from 
m i c r o b i c i n j u r y . " (21) 

The f i n a l b i t o f wickedness i n u r i c a c i d ' s n a t u r e was i t s 
a b i l i t y t o e a s i l y pass back and f o r t h between b l o o d and t i s s u e s , 
t h e r e b y s u b j e c t i n g i t s v i c t i m s to a l t e r n a t i n g bouts w i t h c o l l ­
aemic and p r e c i p i t a t i o n a i l m e n t s . B l o o d pH was one d e t e r m i n a n t 
o f the s u b s t a n c e ' s l o c a t i o n : the more a l k a l i n e the b l o o d , the 
more u r i c a c i d i t would h o l d , and the more c o l l a e m i c the v i c t i m 
would be . H i g h l y a l k a l i n e f o o d s , such as p o t a t o e s , he b e l i e v e d , 
wou ld i n c i t e one s e t o f d i s e a s e s , a c i d i c foods the o t h e r . E n ­
v i r o n m e n t a l t empera tu re a c t e d s i m i l a r l y , w i t h heat p u l l i n g u r i c 
a c i d i n t o the b l o o d , c o l d p u s h i n g i t o u t . Wi th t h i s neat scheme 
o f p a t h o l o g i c a l c h e m i s t r y i n hand , no c l i n i c a l h i s t o r y and no 
e p i d e m i o l o g i c a l o b s e r v a t i o n c o u l d escape H a i g ' s a n a l y s i s . O the r 
d o c t o r s might have been b a f f l e d by the case o f the Engl i shman who 
came down w i t h an acu t e a t t a c k o f gout a f t e r r e t u r n i n g from a 
h o l i d a y i n h i s homeland. H a i g , however , d i s c o v e r e d t h a t w h i l e i n 
England the p a t i e n t had ea ten h e a r t i l y o f foods c o n t a i n i n g the 
p r e c u r s o r s o f u r i c a c i d ; t h a t he had been bo the red by the extreme 
hea t on the Red Sea d u r i n g h i s r e t u r n , and then exposed t o c o o l 
March winds i n Bombay. What c o u l d be more c e r t a i n than t h a t the 
u r i c a c i d s u p p l i e d by h i s E n g l i s h d i e t had been a l l drawn i n t o 
h i s now p a i n - w r a c k e d j o i n t s by the c h i l l o f I n d i a ? (22) J u s t as 
c l e a r was the chemica l f o u n d a t i o n o f the b i t o f f o l k l o r e t h a t 
"May i s the month o f s u i c i d e s and m u r d e r e r s . " U r i c a c i d was 
l a r g e l y r e s t r i c t e d t o the t i s s u e s d u r i n g the w i n t e r because o f 
c o l d wea ther and the E n g l i s h t a s t e f o r oranges and o t h e r a c i d 
f r u i t s d u r i n g those months. Bu t warm weather b rough t more a l k a ­
l i n e d i e t , and thus a " s p r i n g c l e a n i n g " o f the t i s s u e s . When 
u r i c a c i d rushed i n t o the b l o o d , e x e r c i s i n g i t s c o l l a e m i c e f f e c t s 
on the b r a i n and n e r v e s , i t b rought on sudden m e l a n c h o l y o r i r r i ­
t a b i l i t y . (23) 

Even l o v e was reduced to a u r i c a c i d e q u a t i o n . A young 
man's f ancy t u r n e d the way i t d i d i n the s p r i n g , Ha ig i n t i m a t e d , 
because o f h i s u r i c a c i d - i n d u c e d b l o o d p r e s s u r e . N a t u r e ' s r e ­
l e a s e f o r t h a t s p r i n g t e n s i o n was sexua l i n t e r c o u r s e , f o r the 
e x e r t i o n o f the a c t dec reased the b l o o d pH, t h e r e b y p r e c i p i ­
t a t i n g u r i c a c i d and r e d u c i n g b l o o d p r e s s u r e . Thus was a b i o ­
chemica l b a s i s p r o v i d e d f o r the o b s e r v a t i o n o f s t a t i s t i c i a n s t h a t 
A p r i l , May, and June were the peak months f o r c o n c e p t i o n s i n 
Europe . That same t h e o r y a l s o o f f e r e d hope f o r s u p p r e s s i n g the 
s t i l l d i s t u r b i n g p e r v e r s i o n o f m a s t u r b a t i o n . In H a i g ' s v i e w , the 
p r a c t i c e was an i n s t i n c t i v e e f f o r t t o r e l i e v e c o l l a e m i c t e n s i o n , 
and c o u l d never be c o n t r o l l e d " w i t h such f e e b l e weapons as mental 
and moral s u a s i o n ; " the m i s e r a b l e o n a n i s t , l i k e v i r t u a l l y e v e r y ­
one e l s e , was a p r i s o n e r o f h i s c i r c u l a t i o n , and c o u l d be l i b e r ­
a t e d o n l y by p u r i f i e d d i e t . (24) 
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Onanism, m e l a n c h o l y , and g o u t , u n f o r t u n a t e l y , were but way-
s t a t i o n s on the road t o f i n a l c a t a s t r o p h e . The u r i c a c i d de­
p o s i t s i n a per s o n ' s t i s s u e s would g r a d u a l l y i n c r e a s e i n quant­
i t y as the y e a r s passed and as h i s c o n s t i t u t i o n a l v i g o r waned, 
u n t i l a t l a s t , H a i g p r e d i c t e d , "the l o n g pent up s t o r e o f u r a t e s 
b r e a k s i t s dams and r u s h e s i n t o the c i r c u l a t i o n w i t h an o v e r ­
whelming f l o o d . " I f not d e s t r o y e d on the r o c k s o f a p o p l e x y , the 
h e l p l e s s v i c t i m would be swept onward t o h e a r t f a i l u r e , B r i g h t ' s 
d i s e a s e , o r a l i k e f a t e . (25) 

One o f the most t e r r i b l e o f t h o s e f a t e s was c a n c e r , an a i l ­
ment Ha i g supposed to be a p r o d u c t o f l o n g term i r r i t a t i o n by 
u r i c a c i d d e p o s i t s . C a n c e r s h o u l d t h e r e f o r e be r e s p o n s i v e t o 
d i e t e t i c t h e r a p y . In 1911-1912, H a i g a c t u a l l y a t t e m p t e d t o c u r e 
s e v e r a l c a s e s o f i n o p e r a b l e c a n c e r w i t h a d i e t ( n u t s , f r u i t s , 
and b i s c u i t s ) f r e e o f u r i c a c i d and i t s m e t a b o l i c p r e c u r s o r s . 
A l t h o u g h not one o f the p a t i e n t s r e c o v e r e d , H a i g r e f u s e d t o l e t 
h i s t h e o r y t a k e the blame. The p a t i e n t s had e i t h e r been too f a r 
gone when the d i e t began, o r e l s e l a c k e d the i n t e l l i g e n c e and 
w i l l t o s t a y on the u n f a m i l i a r d i e t . " H o s p i t a l p a t i e n t s , " he 
d e c i d e d w i t h some d i s t a s t e , " a r e too i g n o r a n t o r p r e j u d i c e d t o 
g i v e t h i s d i e t a f a i r t r i a l i n h o s p i t a l , and t h e y a r e t o o i g n o r ­
a n t t o p r o v i d e what i s r e q u i r e d a t home." A p o s i t i v e demon­
s t r a t i o n o f h i s c a n c e r regimen, he added, would have t o be made 
"among the r i c h e r and b e t t e r e d u c a t e d c l a s s e s . " (26) 

" U r i c - a c i d - f r e e d i e t " 
Haig n e v e r t h e l e s s d e s i r e d t o make a l l c l a s s e s b e t t e r edu­

c a t e d , to c r e a t e a broad p u b l i c awareness o f the dangers o f a l l 
f o o d s c o n t a i n i n g u r i c a c i d o r i t s p u r i n e p r e c u r s o r s . H i s aim was 
c o n v e r s i o n o f humanity t o t h e " u r i c - a c i d - f r e e d i e t , " though he 
r e a l i z e d t h a t even t h a t sweeping a p u r i f i c a t i o n would n o t immedi­
a t e l y e l i m i n a t e the p o i s o n . U r i c a c i d i s a l s o produced by the 
body, through endogenous p u r i n e s y n t h e s i s and c a t a b o l i s m , but 
j u s t because i t i s endogenous, and thus a n a t u r a l component o f 
body c h e m i s t r y , t h i s q u a n t i t y o f u r i c a c i d seemed u n l i k e l y t o be 
i n j u r i o u s . Haig a n t i c i p a t e d , though, t h a t endogenous u r i c a c i d 
p r o d u c t i o n would u l t i m a t e l y d i s a p p e a r , as "the r a c e e v o l v e s t o a 
h i g h e r s t a g e . " (27) In the meantime, u n n a t u r a l u r i c a c i d , t h a t 
r e s u l t i n g from e r r o n e o u s l y s e l e c t e d f o o d , had t o be d e a l t w i t h . 
The f i r s t s t e p , o f c o u r s e , was i d e n t i f i c a t i o n o f o f f e n s i v e f o o d s , 
a p r o c e s s which c o n v e n i e n t l y i n c r i m i n a t e d the animal f o o d s H a i g 
had a l r e a d y abandoned on the b a s i s o f p e r s o n a l e x p e r i e n c e . By 
the mid-1890s, he a l s o r e c o g n i z e d t h a t c h e m i c a l d a t a branded as 
dangerous s e v e r a l v e g e t a b l e f o o d s he had c o n t i n u e d t o e a t : peas, 
beans, a s p a r a g u s , mushrooms, and whole g r a i n c e r e a l s a l s o had t o 
be r e j e c t e d because o f t h e i r p u r i n e c o n t e n t . H a i g was l e f t , 
t h e n , w i t h m i l k , c h e e s e , some v e g e t a b l e s , f r u i t s , n u t s , and--a 
unique p o s i t i o n f o r a f o o d r e f o r m e r - - w h i t e b r e a d . A d d i t i o n a l 
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b l a n d n e s s was s u p p l i e d by the p r o h i b i t i o n o f c o f f e e , t e a , and 
c o coa on t h e grounds t h a t t h e y c o n t a i n e d methyl x a n t h i n e s ( i t 
was l a t e r found t h a t c a f f e i n e and s i m i l a r compounds a r e n o t met­
a b o l i z e d i n t o u r i c a c i d ) . Any r e j o i c i n g t h a t a t l e a s t a l c o h o l i c 
b e v e r a g e s were f r e e o f u r i c a c i d - p r o d u c i n g s u b s t a n c e s was immed­
i a t e l y s q u e l c h e d by H a i g ' s a s s u r a n c e t h a t h i s d i e t e l i m i n a t e d 
any need f o r s t i m u l a t i o n and t h u s d e s t r o y e d t h e c r a v i n g f o r 
s t r o n g d r i n k . (28) 

U r i c a c i d and a t h l e t i c s 
H a i g c l e a r l y a p p r e c i a t e d few p e o p l e would be d r i v e n t o such 

a u s t e r e f a r e by g u s t a t o r y i m p u l s e s , f o r w h i l e he p r o m i s e d r e a d ­
e r s t h e y c o u l d l e a r n t o e n j o y the u r i c - a c i d - f r e e d i e t , he d i r ­
e c t e d f a r more a t t e n t i o n t o t h e p l e a s u r e s o f u r i c a c i d f r e e l i f e 
away from the t a b l e . A d i s e a s e - f r e e , p h y s i c a l l y j o y f u l e x i s t ­
ence, a dou b l e d l i f e - e x p e c t a n c y , a p a i n - f r e e d e a t h - - a l l t h e s e 
were the u s u a l rewards o f t h e d i e t . But Englishman t h a t he was 
(and h a v i n g been a rower a t c o l l e g e ) , H a i g showed t h e g r e a t e s t 
e x c i t e m e n t o v e r the s p o r t i n g b e n e f i t s o f h i s d i e t a r y program. 
D i e t and Food was h i s c o n t r i b u t i o n t o an a l r e a d y t o r r i d d ebate 
o v e r t h e c o n n e c t i o n s between n u t r i t i o n and a t h l e t i c p e r f o r m a n c e . 
The t r a d i t i o n a l t r a i n i n g d i e t , l o a d e d w i t h meat, was b e i n g 
c a l l e d i n t o q u e s t i o n by an army o f m u s c u l a r v e g e t a r i a n s who were 
r e g u l a r l y t h r a s h i n g f l e s h e a t i n g r i v a l s a t c y c l i n g , w a l k i n g , 
r u n n i n g , t e n n i s , and o t h e r c o m p e t i t i o n s . The i s s u e was o n l y 
c o m p l i c a t e d f u r t h e r by H a i g ' s book, which went t h r o u g h s i x e d i t ­
i o n s i n t h e y e a r s from 1898 t o 1906, and p r e d i c t a b l y r e v e a l e d 
t h a t even a t h l e t i c s u c c e s s was an e x p r e s s i o n o f freedom from 
u r i c a c i d . D i e t and Food's f u l l t h e o r y o f s t r e n g t h and endur­
ance, however, must have s t a r t l e d even t h e most j a d e d H a i g -
w a t c h e r s . The p r e m i s e on which the e n t i r e book was c o n s t r u c t e d 
was the i d e a t h a t the energy f o r m u s c u l a r motion was p r o v i d e d 
by the o x i d a t i o n o f p r o t e i n t o u r e a . T h a t n o t i o n , o r i g i n a l l y 
p r o p o s e d by L i e b i g h a l f a c e n t u r y b e f o r e , had l o n g s i n c e been 
r e f u t e d and was no l o n g e r r e g a r d e d s e r i o u s l y - - e x c e p t by H a i g . 
He seems t o have been unaware o f h i s l o n e l i n e s s on t h i s p o s i t ­
i o n , however, p r e s e n t i n g t h e t h e o r y as i f i t were g e n e r a l l y 
a c c e p t e d , and even a p p l y i n g h i s i n i m i t a b l e a n a l y t i c a l s k i l l s 
t o t he d i s c o v e r y o f a d i r e c t c o r r e l a t i o n between q u a n t i t y o f 
e x e r c i s e and e x c r e t e d u r e a . I f the energy f o r e x e r t i o n came 
from p r o t e i n , H a i g went on t o h y p o t h e s i z e , then maximum s t r e n g t h 
and endurance demanded a f r e e f l o w o f p r o t e i n - r i c h b l o o d t o t h e 
m u s c l e s . V e s s e l s c l o g g e d w i t h c o l l o i d a l u r i c a c i d , o f c o u r s e , 
would n e i t h e r be a b l e t o p r o v i d e a f u l l complement o f p r o t e i n 
m o l e c u l e s t o the t i s s u e s , nor t o c a r r y o f f the waste o f p r o t e i n 
o x i d a t i o n . The more u r i c a c i d f o o d an a t h l e t e consumed, t h e r e ­
f o r e , the more p h y s i o l o g i c a l " f r i c t i o n " he would s u f f e r , and t h e 
l o wer would be h i s p e r f o r m a n c e i n c o n t e s t s o f e ndurance. (29) 
T h a t was u n d o u b t e d l y why f l e s h e a t e r s u s u a l l y succumbed t o vege-
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t a r i a n c h a l l e n g e r s , b u t v e g e t a r i a n s , he c o n t i n u e d , had no r e a s o n 
t o c e l e b r a t e . T h e i r v e s s e l s t o o were p o l l u t e d , f o r beans, a s ­
p a r a g u s , and mushrooms y i e l d e d u r i c a c i d . O r d i n a r y v e g e t a r i a n ­
ism g r a n t e d a r e l a t i v e a d v a n t a g e , b u t u r i c - a c i d - f r e e v e g e t a r i a n ­
ism was t h e o n l y means t o a b s o l u t e s u p e r i o r i t y . (30) T h i s a r g u ­
ment was r e i n f o r c e d by t h e r e c o r d o f the most s u c c e s s f u l ped­
e s t r i a n o f t h e day, K a r l Mann. A l o n g d i s t a n c e w a l k e r who had 
s w i t c h e d t o s t a n d a r d v e g e t a r i a n i s m i n 1894, Mann c o n v e r t e d t o 
H a i g ' s r e f i n e d v e r s i o n i n 1898. He won an i m p o r t a n t 70 m i l e 
r a c e w i t h i n t h e y e a r , b u t i t was t h e 1902 Dresden t o B e r l i n t r i ­
umph i n w o r l d r e c o r d time which e l e v a t e d Mann i n t o t h e i n t e r ­
n a t i o n a l s p o t l i g h t . (31) Haig h u r r i e d t o B e r l i n , p e r s o n a l l y 
examined Mann j u s t a few days a f t e r t h e r a c e , and was p l e a s e d 
( b u t n o t s u r p r i s e d ) t o f i n d him f r e e o f the c a r d i a c h y p e r t r o p h y 
b e l i e v e d t o be e p i d e m i c among c a r n i v o r o u s c o m p e t i t o r s . " A t h ­

l e t e ' s h e a r t , " he c o n c l u d e d , was s t i l l a n o t h e r u r i c a c i d - p r o d ­
uced a i l m e n t . (32.) 

U r i c a c i d and s o c i e t y 
H a i g n e v e r used the term, but he a l s o b e l i e v e d i n a c o n d i t ­

ion o f " u r i c - a c i d - f r e e h e a r t . " By t h i s he would have i n t e n d e d 
h e a r t i n the complete meaning o f t h e word: t h e p o s s e s s i o n o f 
s t r e n g t h , c o u r a g e , hope, and mental e n e r g y . H a i g ' s v i s i o n o f 
t o t a l h e a l t h , the goal o f h i s d i e t , was o f a s t a t e i n which 
" e x e r c i s e o f mind and body i s a p l e a s u r e , the s t r u g g l e f o r ex­
i s t e n c e a g l o r y , n o t h i n g i s t o o good t o happen, t h e i m p o s s i b l e 
i s w i t h i n r e a c h , and m i s f o r t u n e s s l i d e l i k e w a t e r o f f a duck's 
back." In the end, H a i g , l i k e o t h e r h e a l t h r e f o r m e r s , found 
moral f o r c e i n h i s system, and came t o see i t as a method f o r 
the p e r f e c t i n g o f i n d i v i d u a l s and, c o n s e q u e n t l y , t h e n a t i o n . 
H i s w r i t i n g s , i n f a c t , c a r r y a f e e l i n g o f urgency f o r i t s a p p l i ­
c a t i o n t o s o c i a l c h a l l e n g e s such as p h y s i c a l and moral degen­
e r a c y , t h e f a l l i n g b i r t h r a t e i n t h e upper c l a s s e s , and t h e de­
c l i n e o f B r i t a i n ' s i m p e r i a l s t a n d i n g . U l t i m a t e l y , he h i n t s , 
u r i c a c i d c o u l d be r e s p o n s i b l e f o r n o t h i n g l e s s than the d i s ­
i n t e g r a t i o n o f E n g l i s h c i v i l i z a t i o n . (33) 

Two b i o c h e m i c a l mechanisms f o r c u l t u r a l decay were i d e n t i ­
f i e d by H a i g . F i r s t , c o l l a e m i a , by i n h i b i t i n g c i r c u l a t i o n t o 
th e b r a i n , c o u l d p r e v e n t c l a r i t y o f t h o u g h t , sap mental e n e r g y 
and e n d u r a n c e , and e n f e e b l e w i l l power. The s o c i a l r e s u l t s o f 
th e s u b j e c t i o n o f an e n t i r e c i t i z e n r y t o c e r e b r a l s t a r v a t i o n 
were h i g h l y u n s e t t l i n g t o c o n s i d e r . No l e s s f r i g h t e n i n g were 
th e e f f e c t s o f u r i c a c i d ' s second mode o f a c t i o n , i t s g e n e r a t i o n 
o f an a p p e t i t e f o r s t i m u l a n t s (though a t h e o r e t i c a l mechanism 
f o r t h i s e f f e c t was e x t r a c t e d from b i o c h e m i s t r y o n l y a f t e r t h e 
most r u t h l e s s t o r t u r e ) . So a r c a n e as t o d e f y e x p l a n a t i o n e x c e p t 
i n i t s naked e s s e n t i a l s , t h i s argument took i t s s t a r t from t h e 
m e t a b o l i c d e p r e s s i o n produced by u r i c a c i d . P h y s i o l o g i c a l s t i m ­
u l a t i o n , i t c o n t i n u e d , r e q u i r e s a c l e a r i n g o f t h e compound from 
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t h e b l o o d s t r e a m . E x p e r i m e n t i n d i c a t e s t h a t meat, t e a , c o f f e e , 
a l c o h o l , and opium a r e a l l u r i c a c i d précipitants, hence a r e 
s t i m u l a n t s . The s t i m u l a t i o n t h e y c a u s e , however, i s o n l y tempo­
r a r y , as the p r e c i p i t a t e d a c i d soon r e d i s s o l v e s , i n g r e a t e r 
q u a n t i t y than b e f o r e , and makes the v i c t i m more d e p r e s s e d than 
e v e r and w i t h a renewed, s t r o n g e r c r a v i n g f o r s t i m u l a t i o n . The 
more meat, t e a , and c o f f e e one t a k e s , t h e more he wants, u n t i l 
f i n a l l y meat a l o n e can no l o n g e r s a t i s f y t h e need. "And when 
meat b e g i n s t o f a i l , " H a i g s a d l y c o n c l u d e d , " a l c o h o l i s added; 
when a l c o h o l b e g i n s t o f a i l morphine o r c o c a i n e a r e c a l l e d i n 
and so on down the road t o r u i n . " (34) 

U r i c - a c i d - f r e e d i e t would remove any c r a v i n g f o r a l c o h o l , 
t o b a c c o , o r o t h e r s t i m u l a n t s , but making t h i s p l a n o f c h a r a c t e r 
r e s c u e a t t r a c t i v e t o p e o p l e a l r e a d y e n s l a v e d t o s t i m u l a t i o n , a l ­
ready debauched by u r i c a c i d , was a f o r m i d a b l e c h a l l e n g e t o even 
H a i g ' s i n g e n u i t y and o p t i m i s m . He sometimes e n v i s i o n e d a f u t u r e 
"which w i l l b e . . . t r u e r , n o b l e r and b e t t e r , as man s l o w l y r e a l ­
i z e s how much o f h i s s o r d i d p a s t has had i t s o r i g i n i n u n n a t u r a l 
f o o d . " (35J H i s more common mood, though, was gloom. S c a t t e r e d 
t h r o u g h h i s w r i t i n g s a r e c a l l s f o r "the n a t i o n s which hope t o 
s u r v i v e " t o open t h e i r eyes and see t h a t u r i c a c i d " b i d s f a i r t o 
menace o u r v e r y e x i s t e n c e . " But would t h e y l i s t e n ? "No! I f e a r 
n o t ! f o r h i s t o r y shows t h a t t h i n g s o f t h i s k i n d have been d i s ­
c o v e r e d and f o r g o t t e n , r e d i s c o v e r e d and r e f o r g o t t e n , and no 
doubt t h e p r o c e s s w i l l be r e p e a t e d y e t many t i m e s ; s t i l l I do 
t h i n k t h a t p o s s i b l y t h e r e p r e s e n t a t i v e s o f homo s a p i e n s ( n o t o f 
t h i s r a c e , f o r i t w i l l be m o s t l y wiped o u t ) , i n t h e 30th o r 40th 
c e n t u r y may be a l i t t l e more unanimous than t h e y a r e t o d a y i n 
b e l i e v i n g t h a t t h e i r n a t u r a l f o o d i s a f t e r a l l t h a t which i s a l s o 
b e s t f o r them." (36) 

I t was H a i g ' s s o n , however, who gave the most complete ex­
p r e s s i o n t o a n x i e t y about t h e f u t u r e o f t h e n a t i o n . Kenneth 
H a i g , l i k e h i s f a t h e r , was p l a g u e d by m i g r a i n e from an e a r l y 
age, and t h e n , when a s i x t e e n y e a r o l d a t Rugby, began t o s u f f e r 
from f a i n t i n g s p e l l s . A d o p t i o n o f t h e u r i c - a c i d - f r e e d i e t 
b r o u g h t a s t e a d y r e l e a s e from h i s p r o b l e m s , though, as w e l l as a 
growth o f endurance which a s t o n i s h e d even Haig p e r e . "At O x f o r d 
he won s e v e r a l c o l l e g e rowing p r i z e s , " f a t h e r b r a g g e d , "and 
would, I b e l i e v e , have been i n one o f t h e c o l l e g e b o a t s , but t h a t 
i t was f e a r e d t h a t h i s d i e t would d e m o r a l i z e . . . t h e r e s t o f t h e 
crew." (37) 

Kenneth's f i l i a l d e b t was u n u s u a l l y l a r g e , and he found deep 
s a t i s f a c t i o n i n p a r t i a l l y r e p a y i n g i t w i t h a 1913 volume e n t i t l e d 
H e a l t h Through D i e t . The t i t l e page a l s o acknowledged h i s f a t h ­
e r ' s a d v i c e and a s s i s t a n c e , so one might presume t h a t Kenneth's 
comments r e f l e c t e d t h e c o n c e r n s and o p i n i o n s o f A l e x a n d e r . I f 
so, both were g r e a t l y w o r r i e d by the c o u n t r y ' s d e c l i n i n g b i r t h ­
r a t e , and s u s p e c t e d u r i c a c i d as the c a u s e . The y o u n g e r H a i g 
p o s t u l a t e d t h a t one c l i n i c a l m a n i f e s t a t i o n o f u r i c a c i d p r e c i p i ­
t a t i o n must be an i r r i t a t i o n o f the v a g i n a l w a l l , a " c a t a r r h o f 
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the v a g i n a " which dampened s e n s i t i v i t y and l e d to s exua l apa thy . 
As the degree o f i n d i f f e r e n c e s h o u l d be p r o p o r t i o n a l to the 
amount o f meat and o t h e r u r i c a c i d foods consumed, f e c u n d i t y 
c o u l d be expec ted to show an i n v e r s e r e l a t i o n w i t h r i s i n g s o c i a l 
p o s i t i o n — e x a c t l y the d i s t u r b i n g p a t t e r n which was be ing ob­
s e r v e d . U r i c - a c i d - f r e e d i e t , however, s h o u l d enhance f e r t i l i t y 
by r e s t o r i n g n a t u r a l f u n c t i o n , a t h e o r e t i c a l p roposa l c on f i r me d 
by the woman who had been pronounced s t e r i l e by her p h y s i c i a n , 
but then c o n c e i v e d and bore a h e a l t h y c h i l d two y e a r s a f t e r 
go ing on the Ha ig d i e t . Other women on the d i e t r e p o r t e d de­
c r e a s e d mens t rua l f l o w and e a s i e r p e r i o d s , p rompt ing Haig to 
wonder i f o v u l a t i o n " n e e d . . . b e accompanied by hemorrhage, o r i s 
the l a t t e r o n l y a p a t h o l o g i c a l symptom?" A f t e r a l s o c o n s i d e r i n g 
t h a t e l i m i n a t i o n o f u r i c a c i d would r e l i e v e morning s i c k n e s s , 
a l l o w l e s s p a i n f u l l a b o r and s a f e r b i r t h , and promote l a c t a t i o n , 
he f e l t compe l l ed to c a l l a t t e n t i o n to the " n a t i o n a l impor tance" 
o f the " i n f l u e n c e o f the U r i c - A c i d - F r e e D i e t on gynaeco logy and 
m i d w i f e r y . " H i s p r e f ace went f u r t h e r , p r o c l a i m i n g " t h a t the r i s e 
and f a l l o f n a t i o n s i s de te rmined by the c i r c u l a t i o n . " N a t i o n s , 
l i k e a r m i e s , march on t h e i r s tomachs , and " i n the l a s t r e s o r t 
t h e i r c o m m i s a r i a t i s t h e i r success o r r u i n . " (38) 

U r i c a c i d and the med ica l p r o f e s s i o n 

The i n v e s t i n g o f u r i c a c i d w i t h cosmic impor t s t r e t c h e d 
p l a u s i b i l i t y too t h i n f o r a l l but the most c r e d u l o u s . The s i m ­
p l e r i dea t h a t i t caused a number o f p u r e l y p h y s i c a l i l l s , t hough , 
was a b l e to w in r e s p e c t a b i l i t y i n some med ica l c i r c l e s and h o l d 
i t f o r a good w h i l e , and i t was a t l e a s t as p o p u l a r i n the Un­
i t e d S t a t e s as i n E n g l a n d . To be s u r e , the Brahmins o f the p r o ­
f e s s i o n were s c o r n f u l from the s t a r t . By the e a r l y 1900s , i n 
f a c t , a r t i c l e s c o n t r a Ha ig made up a d i s t i n c t genre o f med ica l 
l i t e r a t u r e , w i t h r emarkab ly c o n s i s t e n t c o n t e n t . The comments o f 
the e d i t o r o f the J o u r n a l o f the Amer ican M e d i c a l A s s o c i a t i o n 
a re r e p r e s e n t a t i v e : " U s i n g methods t h a t are known to be un re ­
l i a b l e , he secu red data t h a t cannot be c o r r o b o r a t e d , and w i t h 
these as a b a s i s f o l l o w e d out a marvelous t r a i n o f l o g i c to the 
u l t i m a t e c o n c l u s i o n t h a t p r a c t i c a l l y a l l d i s e a s e i s due to u r i c 
a c i d No advance i n p h y s i o l o g i c c h e m i s t r y and p a t h o l o g y , no 
amount o f r e f u t a t i o n o f h i s c l a i m s , seems to have i n t e r e s t e d him 
o r swerved him i n the l e a s t , . . . h e i g n o r e s e v e r y t h i n g but h i s own 
c h e r i s h e d b e l i e f s , and c a l m l y f o l l o w s them as they l e a d . " (39) 

But as f r u s t r a t i n g as H a i g ' s i n a t t e n t i o n to these f r e q u e n t 
s c o l d i n g s c o u l d be , u r i c a c i d c r i t i c s were more bo the red by the 
n a i v e t e o f rank and f i l e p h y s i c i a n s , so many o f whom, i t was 
c h a r g e d , had a l l o w e d themselves to be c o n d i t i o n e d t o r e f l e x l y 
d i agnose " u r i c a c i d d i a t h e s i s " i f any u r i c a c i d were found i n 
the p a t i e n t ' s u r i n e . That the compound had been a b l e to a c q u i r e 
what one commentator d e s c r i b e d as a " f i x e d h o l d " on the med ica l 
p r o f e s s i o n s h o u l d n o t , however , have caused much s u r p r i s e . (40) 
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Even the bes t educa ted med ica l s c i e n t i s t s o f the day had s t i l l 
o n l y a nebulous v iew o f me tabo l i sm and b l o o d c h e m i s t r y , y e t a l l 
the w h i l e exuded c o n f i d e n c e t h a t both a reas would be demon­
s t r a t e d to have i m p o r t a n t r e l a t i o n s t o d i s e a s e . S tandard p a t h ­
o l o g y t e x t s i n c l u d e d d i s c u s s i o n o f the gouty d i a t h e s i s , a 
l o o s e l y d e f i n e d a g g r e g a t i o n o f symptoms commonly found among 
p a t i e n t s who never s u f f e r e d an acu te a t t a c k o f g o u t , but had 
a f a m i l y h i s t o r y o f the d i s e a s e . U r i c a c i d was thus sur rounded 
by j u s t enough murk iness t o g i v e H a i g ' s i deas an appearance o f 
subs tance to the average med ica l p r a c t i t i o n e r w i t h a tenuous 
h o l d on b i o c h e m i s t r y . In a d d i t i o n , H a i g ' s a r t i c l e s were pub­
l i s h e d i n p r e s t i g i o u s j o u r n a l s - - U n c e t , P r a c t i t i o n e r , B r i t i s h 
M e d i c a l J o u r n a l , M e d i c a l R e c o r d , and J o u r n a l o f the Amer ican 
M e d i c a l A s s o c i a t i o n . H i s books were i m p r e s s i v e l y t h i c k vo lumes , 
w r i t t e n i n t e c h n i c a l language and r e p l e t e w i t h d e t a i l e d graphs 
r e l a t i n g u r i c a c i d e x c r e t i o n t o the i n g e s t i o n o f v a r i o u s foods 
and d r u g s , t o e x e r c i s e , m e n s t r u a t i o n , t ime o f y e a r , and even t o 
the e f f e c t s o f a T u r k i s h b a t h . H i s magnum opus was r e v i s e d s i x 
t imes i n o r d e r t o i n c o r p o r a t e the r e s u l t s o f h i s c o n t i n u i n g r e ­
s e a r c h e s . By s u p p l y i n g a s i m p l e , u n i f y i n g t h e o r y , Ha ig s a t i s ­
f i e d the needs o f h a r r i e d p h y s i c i a n s who encoun te red on a r e g u ­
l a r b a s i s p a t i e n t s w i t h i n d e t e r m i n a t e symptoms and no o b v i o u s 
p a t h o l o g y . G i v i n g the d e v i l h i s due , an Amer ican med ica l e d i t o r 
m a r v e l l e d t h a t , "no promoter o f a commercia l e n t e r p r i s e has e v e r 
been more s k i l l f u l i n e n u n c i a t i n g , and push ing t o a c o n c l u s i o n , 
t h e o r i e s as to the e x i s t e n c e o f a p r e c i o u s f i n d i n a mine than 
has D r . H a i g . " (41) 

Thus t h e r e i s no cause f o r wonder t h a t i n s p i t e o f a u t h o r i ­
t a t i v e r e f u t a t i o n s , Ha ig a t t r a c t e d a s i z e a b l e band o f s u p p o r t ­
e r s . As e a r l y as 1901 , a l e a d i n g Amer ican j o u r n a l contempt­
u o u s l y i d e n t i f i e d u r i c a c i d e m i a as the d i s e a s e o f the new c e n t ­
u r y : "Now t h a t ' m a l a r i a ' i s coming t o be known among the back­
ward members o f the p r o f e s s i o n as a s p e c i f i c d i s e a s e caused by 
a p a r a s i t e . . . , a need i s f e l t f o r some new ca tchword w i t h wh ich 
to m y s t i f y o u r s e l v e s and the p u b l i c . J u d g i n g from the g l i b n e s s 
w i t h which the ' u r i c a c i d d i a t h e s i s ' i s now t a l k e d o f by bo th 
d o c t o r s and p a t i e n t s , t h i s i s a p p a r e n t l y the coming d i s e a s e . I t 
e x p l a i n s numberless s t r a n g e symptoms, g r a t i f y i n g the s u f f e r e r 
and hav ing w i t h a l a c o m f o r t i n g , s c i e n t i f i c sound , wh ich p romises 
w e l l f o r i t s u s e f u l n e s s and permanence. We know o f p h y s i c i a n s 
who a re c o n s t a n t l y making the d i a g n o s i s w i t h p r i d e , and who have 
not even dreamed t h a t the ma t t e r needs any v e r i f i c a t i o n i n the 
chemica l l a b o r a t o r y . Fo r these men i t may be w e l l t o say t h a t 
not by any means as much i s known o f the r o l e o f u r i c a c i d i n 
the an imal economy as might be supposed from the e x t r a v a g a n t 
w r i t i n g s o f D r . H a i g . " (42.) 

Woods H u t c h i n s o n d e c l i n e d t o a p o l o g i z e f o r mount ing y e t 
ano the r a t t a c k on the u r i c a c i d t h e o r y because , he warned , " i f 
we do not t ake i t , i t w i l l t ake u s . " (43) The f a c t t h a t o t h e r 
med ica l c e l e b r i t i e s , i n c l u d i n g L a f a y e t t e M e n d e l , (44) L e w e l l y s 
B a r k e r , (45) and J . J . R. M a c l e o d , (46.) took the t ime to second 
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those s en t imen t s sugges ts t h a t b e l i e f i n the t h e o r y was indeed 
common, though we have the t e s t i m o n y o f the b e l i e v e r s themse lves 
to f i n a l i z e the p o i n t . J o u r n a l a r t i c l e s a s s e r t i n g the hazards 
o f u r i c a c i d made f r e e use o f a d j e c t i v e s such as " l e t h a l , " 
" i n s i d i o u s , " and "hyd ra -headed . " One d o c t o r r e p o r t e d s w a l l o w ­
i n g a few drops o f a c i d and i m m e d i a t e l y f e e l i n g a f l o o d o f u r i c 
a c i d gush ing i n t o h i s b i g t o e . (47) A Massa c hus se t t s p h y s i c i a n 
a d v i s e d h e r o i c t h e r a p e u t i c measures to save a two month o l d 
c h i l d from u r i c a c i d p o i s o n i n g , (48) w h i l e a New York d o c t o r 
pronounced t h a t " u r i c a c i d was the D e v i l h i m s e l f . " (49) A f i n a l 
w r i t e r commented on a c a r t o o n " i n which a prominent s o c i e t y 
woman i s r e p r e s e n t e d as s a y i n g e m p h a t i c a l l y to one o f her l a d y 
f r i ends : ' I_ do be l i e v e t h a t l_ am j u s t l o u s y w i t h u r i c a c i d ! ' 
P r o b a b l y she was. Many o f us a r e . (50) 

D i f f i c u l t i e s o f the u r i c a c i d d i e t 

As the l a s t example s u g g e s t s , the p u b l i c i t y g i v e n the u r i c 
a c i d t h e o r y a l s o s e t o f f an ep idemic o f s e l f - d i a g n o s i s by the 
p u b l i c . " I n d e e d , " a Ch icago p h y s i c i a n c o m p l a i n e d , "among the 
l a i t y i t i s the a lmos t u n i v e r s a l b e l i e f t h a t a j o i n t p a i n , my­
a l g i a , n e u r i t i s , n e u r a l g i a , e t c . a re due to u r i c a c i d How 
o f t e n does a p a t i e n t s a y : 'My d o c t o r says I have u r i c a c i d . ' " 
(51_) By 1902, a d v e r t i s e m e n t s f o r Quaker Oats were r e f e r r i n g to 
Ha ig to a s su re consumers the c e r e a l would g i v e "Home-Made 
H e a l t h . " (52) 

Whether o r not Ha ig a c t u a l l y a t e Quaker Oats h i m s e l f , he 
d i d agree t h a t d i e t was the o n l y method o f d e f e a t i n g u r i c a c i d . 
He a l s o r e c o g n i z e d most peop le would have d i f f i c u l t y c o n v e r t i n g 
to a u r i c - a c i d - f r e e d i e t , due to h a b i t , because pas t i n d i s c r e t ­
i ons had e s t a b l i s h e d a t a s t e f o r c o n t i n u e d s t i m u l a t i o n , and be­
cause h i s regimen was commonly confused w i t h o r d i n a r y v e g e t a r ­
i a n i s m . There was no end to H a i g ' s i r r i t a t i o n , i n f a c t , ove r 
many p e o p l e ' s i n a b i l i t y to d i s t i n g u i s h between the garden v a r i e t y 
v e g e t a r i a n i s m (which i n i t s " i g n o r a n c e " produced o n l y " u n f o r t u ­
nate r e s u l t s " ) and h i s s e l e c t i v e " p h y s i o l o g i c a l and p u r i n - f r e e 
d i e t . " But even though he compla ined " v e g e t a r i a n i s m has been a 
g r e a t t h o r n i : i my s i d e , " s t a n d a r d v e g e t a r i a n s r e a c t e d f a v o r a b l y 
to h i s work , i n t e r p r e t i n g i t as p r i m a r i l y a condemnation o f meat 
e a t i n g . (53) 

To make the t r a n s i t i o n from r e g u l a r t o r e f i n e d d i e t e a s i e r , 
Ha ig deve loped a p l a n o f g radua l w i t h d r a w a l from u r i c a c i d . Son 
Kenneth sugges ted a s chedu le o f removing u r i c a c i d from b reak­
f a s t o n l y f o r t h r e e weeks , then from l u n c h as w e l l f o r the nex t 
t h r e e weeks , and so on . T h i s p l a n i n c l u d e d as one s t age the 
w i t h d r a w a l o f a l l t e a from a f t e rnoon t e a . F o l l o w e r s a l s o pub­
l i s h e d a t l e a s t two u r i c - a c i d - f r e e cookbooks , (Etf, 55.) w h i l e 
H a i g opened a Sana to r ium ( A p s l e y House) a t S l o u g h , about h a l f an 
hour from London by t r a i n . A g i f t from a g r a t e f u l p a t i e n t , i t 
was "a f i n e C h r i s t o p h e r Wren house , s t a n d i n g i n l o v e l y o l d - w o r l d 
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g r o u n d s , " o u t f i t t e d w i t h garden and greenhouse , and ad j acen t to 
s c e n i c c o u n t r y s i d e and t h r e e g o l f c o u r s e s . (56) A p s l e y House 
o f f e r e d an i d e a l l y c o n g e n i a l envi ronment f o r the r e t u r n t o n a t ­
u r a l d i e t , but i t was a c c e s s i b l e to r e l a t i v e l y few, and fewer 
s t i l l took advantage o f i t , o r o f the d i e t i t o f f e r e d . By 
H a i g ' s own e s t i m a t e , o n l y a few hundred had "dared" t o adopt the 
d i e t , and h i s d e t r a c t o r s i m p l i e d the number was even l o w e r . (57) 
The u r i c - a c i d - f r e e d i e t was , i n the common v i e w , "a v e r y j o y l e s s 
one , as w e l l as b e i n g s o c i a l l y a n u i s a n c e . " (58) Tha t v a l u a t i o n 
was , i f a n y t h i n g , c o r r o b o r a t e d by those who a c t u a l l y f o l l o w e d 
the d i e t a r y p l a n . A c o r r e s p o n d e n t o f the B r i t i s h M e d i c a l J o u r -
nal who i d e n t i f i e d h i m s e l f o n l y as "A Quondam Gourmet ," c o n -
f e s s e d t h a t , " I am a c o n v e r t [ t o H a i g ' s d i e t ] i n s p i t e o f my­
s e l f . " " I s t i l l , " he e l a b o r a t e d , "hanker a f t e r the f l e s h p o t s . 
Caneton Rouenna i se , w i t h a b o t t l e o f C h a m b e r t i n , s t i l l appears 
more a t t r a c t i v e than A p s l e y Duck w i t h s a l u t a r i s , and E n g l i s h 
r o a s t bee f more savoury than mock beef r i s s o l e s . Though my 
memory d w e l l s w i t h p l e a s u r e on many a pa s t gas t ronomic t r e a t , 
y e t the improvement i n my h e a l t h and the i n c r e a s e i n my power 
o f endurance a re such t h a t n o t h i n g would induce me to r e v e r t t o 
my former d i e t e t i c h a b i t s ; and I know t h a t mine i s f a r from be­
i n g a s o l i t a r y e x p e r i e n c e . " ( 5 £ ) Such r e s i g n e d f o l l o w e r s o f 
Ha ig were v a r i o u s l y p r e sen t ed as " c r a n k s , " " m a r t y r s , " and " s h r i ­
v e l l e d , j u i c e l e s s , p r e m a t u r e l y aged" c r e a t u r e s ; but they were 
never d e s c r i b e d as numerous. ( 6 0 , 61) 

U r i c a c i d t h e r a p e u t i c s 

So as f r i g h t e n e d as many people were o f H a i g ' s d i s e a s e , t he 
m a j o r i t y c l e a r l y regarded H a i g ' s cu re as s t i l l more d i s c o m f i t i n g . 
There was l i t e r a l l y a ready s o l u t i o n t o the d i lemma, however. 
The t h e r a p y o f gout had l o n g i n c l u d e d the use o f drugs supposed 
to be c a p a b l e o f d i s s o l v i n g u r i c a c i d and washing i t from the 
body. L i t h i u m compounds en joyed an e s p e c i a l l y h i g h r e p u t a t i o n , 
hav ing been recommended by S i r A l f r e d Ga r r o d h i m s e l f a f t e r he 
obse rved l i t h i u m ca rbona te to have a powerfu l s o l v e n t e f f e c t on 
u r i c a c i d i n v i t r o . (62) But even though i t had been de te rmined 
by the b e g i n n i n g o f the t w e n t i e t h c e n t u r y t h a t l i t h i u m ' s s o l v e n t 
a c t i o n d i d not o c c u r i n s i d e the body, d o c t o r s c o n t i n u e d t o p r e ­
s c r i b e the c a r b o n a t e , and o t h e r l i t h i u m s a l t s , t o t r e a t gout and 
gouty d i a t h e s i s . Thus as u r i c a c i d e m i a e s t a b l i s h e d i t s e l f as a 
p r e v a i l i n g syndrome, l i t h i u m ascended to the p o s i t i o n o f panacea . 
M e d i c i n e manufac tu re r s stampeded i n t o the new mar k e t , vend ing 
eve ry i m a g i n a b l e s y n t h e t i c p r e p a r a t i o n , i n a d d i t i o n t o a l i n e o f 
n a t u r a l , l i t h i u m - c o n t a i n i n g m i n e r a l w a t e r s . One had the cheek 
to name h i s p roduc t "Gar rod S p a , " and the p r o p r i e t o r s o f ano the r 
- - T h i a l i o n - - a c t u a l l y p u b l i s h e d t h e i r own j o u r n a l , The U r i c A c i d 
M o n t h l y , and d i s t r i b u t e d i t g r a t u i t o u s l y to a l l p h y s i c i a n s i n the 
U n i t e d S t a t e s and E n g l a n d . E l A d d o U r i c o was added l a t e r f o r 
the b e n e f i t o f S p a n i s h and L a t i n Amer ican d o c t o r s . (63.) A l t h o u g h 
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o t h e r u r i c a c i d s o l v e n t s were l e s s a g g r e s s i v e l y promoted , they 
were promoted n o n e t h e l e s s , l e a d i n g some p h y s i c i a n s t o charge 
t h a t drug i n d u s t r y l i t e r a t u r e , e m b e l l i s h e d by d e t a i l men, was 
more i m p o r t a n t than H a i g ' s w r i t i n g s f o r c r e a t i n g p r o f e s s i o n a l 
and p u b l i c f e a r o f u r i c a c i d . (64) The i r o n y o f t h a t d e v e l o p ­
ment was t h a t l i t h i u m compounds had no e f f e c t on u r i c a c i d , and 
even i f they had , few p r e p a r a t i o n s c o n t a i n e d enough l i t h i u m t o 
m a t t e r . T h i a l i o n ' s fo rmula i n c l u d e d l e s s than two per c e n t 
l i t h i u m c i t r a t e , and the h i g h l y t o u t e d B u f f a l o L i t h i a Wate r , i t 
was e v e n t u a l l y d e t e r m i n e d , h e l d o n l y o n e - f i f t h the c o n c e n t r a t i o n 
o f l i t h i u m o c c u r r i n g i n the Potomac R i v e r ; a p a t i e n t would have 
had to d r i n k a t l e a s t 150,000 g a l l o n s o f the m i n e r a l wa te r d a i l y 
to ge t a t h e r a p e u t i c dose! (65) 

Even be fo re the impotency o f l i t h i u m p r e p a r a t i o n s became 
common knowledge , t hough , t h e r e were p h y s i c i a n s who v o i c e d 
d o u b t s , sometimes t o n g u e - i n - c h e e k . A 1895 p a r o d y - - " T w i n k l e , 
T w i n k l e , Gar rod S p a " - - f o r i n s t a n c e , begged the l i t h i u m wa te r t o 

" A l l a y my f e a r s , r e l i e v e my pa ins 
By c l e a r i n g c r y s t a l s from my v e i n s . " 

"Thou d o s t , " the poet e v e n t u a l l y thanked Gar rod S p a , 
" d i s p e l a l l c a r k i n g c a r e , 
B r i n g back my y o u t h so d e b o n a i r , 
Make me happy, ca lm and p l a c i d 
By c h a s i n g ou t the u r i c a c i d . " (66) 
As such a t t a c k s c o n t i n u e d , u r i c a c i d ' s s t a n d i n g w i t h the 

p r o f e s s i o n as a whole was s t e a d i l y l o w e r e d . By 1915, p h y s i c i a n s 
c o u l d j o k e t h a t , "There was as much to be s a i d f o r u r i c a c i d as 
t h e r e i s f o r i n t e s t i n a l toxemia [ t he i n v a l i d t h e o r y o f ptomaine 
p o i s o n i n g ] : i t cu red f o r a t ime i t s t housands , but the t h e o r y 
b u i l t about i t caught c o l d and d i e d . " (67) A l r e a d y the y e a r be­
f o r e , an Amer ican j o u r n a l had conc luded i t s brusque r e v i e w o f 
Kenneth H a i g ' s H e a l t h Through D i e t w i t h the p r e d i c t i o n t h a t " the 
u r i c a c i d fad has had i t s day , a n d . . . t h e p r e s e n t volume w i l l not 
r e s u s c i t a t e i t . " (68) 

The younger H a i g ' s volume was indeed the t h e o r y ' s l a s t gasp . 
A l e x a n d e r Haig a l s o gave up the s t r u g g l e a f t e r 1914, spend ing h i s 
f i n a l decade i n q u i e t r e t i r e m e n t . I t would be wrong , however , t o 
c o n c l u d e t h a t he had been c a s h i e r e d from the p r o f e s s i o n . Even i n 
h i s most p a s s i o n a t e a n t i - u r i c a c i d days he commanded pe r sona l r e ­
s p e c t , and even a f f e c t i o n , from p r o f e s s i o n a l c o l l e a g u e s . On 
f r i e n d l y terms w i t h some o f the b r i g h t e s t l i g h t s i n B r i t i s h m e d i ­
c i n e , Ha ig was regarded as h o n o r a b l e , and as g e n e r a l l y competent 
when not a s t r i d e h i s u r i c a c i d hobby h o r s e . He was seen as q u i x ­
o t i c , r a t h e r than q u a c k i s h , and even the hard condemnat ions o f 
h i s work o f t e n showed a s o f t s i d e , whether e x p r e s s i o n s o f g r a t i ­
tude f o r r a i s i n g q u e s t i o n s and s t i m u l a t i n g r e s e a r c h , o r p r a i s e 
f o r h i s i n t e g r i t y and p e r s e v e r a n c e . H i s o b i t u a r y n o t i c e s sound­
ed the same tone', one d e s c r i b i n g him as "a man g e n i a l i n na tu re 
. . . [ w h o ] a lways seemed to m a i n t a i n an even mental e q u i l i b r i u m 
under adverse c r i t i c i s m . " (69_) The bes t summary o f h i s l i f e , 
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however, was c o n t a i n e d i n one o f Haig ' s own i n c i d e n t a l remarks. 
The r h e t o r i c a l q u e s t i o n , " I s l i f e worth l i v i n g ? , " he wr o t e , i s 
not a d e q u a t e l y answered by the F r e n c h r e s p o n s e t h a t i t depends 
on t h e l i v e r ; a c t u a l l y , he announced w i t h u n i n t e n d e d p r e s c ­
i e n c e , " t h a t depends upon u r i c a c i d . " (70) 
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9 
Chemical Warfare Research During World War I 
A Model of Cooperative Research 

DANIEL P. JONES 
University of Illinois at the Medical Center, Humanistic Studies Program, Chicago, IL 
60612 

Project-research, a method of organizing research 
by stipulation of projects and allocation of these 
to individuals or teams of scientists in separate 
laboratories, was developed in the United States 
during World War I in research on chemical warfare. 
This research was in i t ia l ly conducted largely by 
academic chemists as volunteers and later by them 
in the Research Division of the Chemical Warfare 
Service of the U. S. Army. Many of the leading 
American chemists in the 1920s shared the common 
experience of research on chemical warfare. The 
model of project-research was tried by the leaders 
of the division of chemistry and chemical technol­
ogy of the National Research Council in order to 
allocate specific research problems and foster 
cooperative research after the war. 

The dramatic t r a n s f o r m a t i o n t h a t the s c i e n c e s have made on 
modern warfa r e became apparent d u r i n g World War I . J u s t a f t e r 
the war Robert M. Yerkes e d i t e d a volume e n t i t l e d The New World 
of S c i e n c e : I t s Development During the War, i n which s e v e r a l 
s c i e n t i s t s d e s c r i b e d w e l l the t r a n s f o r m a t i o n they had witn e s s e d 
and t he r o l e s of v a r i o u s s c i e n c e s i n b r i n g i n g about t h i s change. 
Moreover, a few of the a u t h o r s r e c o g n i z e d t h a t the war had 
r e q u i r e d the m o b i l i z a t i o n of the s c i e n t i f i c r e s o u r c e s of the 
n a t i o n to an ex t e n t not p r e v i o u s l y encountered and t h a t the 
r e s u l t s of many teams of s c i e n t i s t s working on c o o r d i n a t e d p r o ­
grams of governmentally sponsored r e s e a r c h had been i m p r e s s i v e . 
For example, George E l l e r y H a l e , James R. A n g e l l , and Robert A. 
M i l l i k a n c^ted the p r o d u c t i v i t y of such teams as evidence f o r the 
power of c o o p e r a t i o n i n r e s e a r c h , and they c a l l e d f o r a s i m i l a r l y 
c o o r d i n a t e d approach to s c i e n t i f i c problems i n peacetime 2^). 

In the decade f o l l o w i n g the war, the l e a d e r s of the N a t i o n a l 
Research C o u n c i l (NRC) assumed major r e s p o n s i b i l i t y f o r o r g a n i z i n g 

0097-6156/83/0228-0165 $06.25/0 
© 1983 American Chemical Society 
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s c i e n t i f i c r e s e a r c h i n the U n i t e d S t a t e s . Through Hale's i n i t i a ­
t i v e the NRC was r e o r g a n i z e d as a permanent p a r t of the N a t i o n a l 
Academy of S c i e n c e s , d e d i c a t e d to the s t i m u l a t i o n o f pure and 
a p p l i e d r e s e a r c h and the promotion of n a t i o n a l and i n t e r n a t i o n a l 
c o o p e r a t i o n i n r e s e a r c h ( 3 ) . I n order t o f o s t e r c o o p e r a t i o n the 
NRC was " t o survey the l a r g e r p o s s i b i l i t i e s of s c i e n c e , to formu­
l a t e comprehensive p r o j e c t s o f r e s e a r c h , and t o develop e f f e c t i v e 
means of u t i l i z i n g the s c i e n t i f i c and t e c h n i c a l r e s o u r c e s of the 
c o u n t r y f o r d e a l i n g w i t h these p r o j e c t s " ( 4 ) . T h i s approach, 
" p r o j e c t - r e s e a r c h " , which had proved to be e f f e c t i v e i n a c h i e v i n g 
c o o p e r a t i o n among s c i e n t i s t s i n wartime was c a r r i e d over i n t o the 
postwar p e r i o d by the NRC i n s e v e r a l of i t s d i v i s i o n s . For exam­
p l e , the chairmen of the d i v i s i o n o f c h e m i s t r y and c h e m i c a l 
t e c h n o l o g y attempted t o guide c h e m i c a l r e s e a r c h d u r i n g the decade 
from 1919 t o 1929 by the assignment o f p r o j e c t s t o v o l u n t e e r s . 
The model t h a t served w e l l was the o r g a n i z a t i o n of wartime r e ­
s e a r c h on che m i c a l w a r f a r e a g e n t s , the l a r g e s t of the governmen-
t a l l y sponsored r e s e a r c h programs of the war, i n i t i a l l y under the 
Bureau of Mines and l a t e r as the Research D i v i s i o n of the Chemical 
Warfare S e r v i c e ( 5 ) . Over o n e - t e n t h o f the chemists of the U n i t e d 
S t a t e s were d i r e c t l y i n v o l v e d i n the c h e m i c a l w a r f a r e r e s e a r c h 
e f f o r t i n World War I ( 6 ) . Research on che m i c a l w a r f a r e was 
s i n g l e d out as a model o f p r o j e c t - r e s e a r c h a f t e r t h e war because 
of i t s s i z e , the success w i t h which i t guided work on i n t e r r e l a t e d 
p r o j e c t s , and a l s o because many of the c h e m i s t s , p h a r m a c o l o g i s t s , 
and p h y s i o l o g i s t s f o r m e r l y i n the Chemical Warfare S e r v i c e h e l d 
p o s i t i o n s of l e a d e r s h i p i n the s c i e n t i f i c community i n the ensuing 
decade. Although i t p r o v i d e d i n s p i r a t i o n f o r p r o j e c t - r e s e a r c h i n 
s e v e r a l f i e l d s o f s c i e n c e , the model o f c h e m i c a l w a r f a r e - r e s e a r c h 
was e s p e c i a l l y s t r o n g on American chemists because they f e l t a 
s p e c i a l k i n s h i p w i t h the Chemical Warfare S e r v i c e o f the U.S. 
Army. T h i s k i n s h i p was an important f a c t o r i n the f a i l u r e i n 1926 
of the U n i t e d S t a t e s Senate to r a t i f y the Geneva P r o t o c o l 
p r o h i b i t i n g c h e m i c a l w a r f a r e ( 7 ) . 

T h i s c h a p t e r w i l l examine the n a t u r e of p r o j e c t - r e s e a r c h as 
i t developed i n the o r g a n i z a t i o n of c h e m i c a l w a r f a r e r e s e a r c h 
d u r i n g World War I and w i l l suggest t h a t t h i s model may have 
play e d a s i g n i f i c a n t r o l e i n the attempts a t i n c r e a s e d o r g a n i z a ­
t i o n of c h e m i c a l r e s e a r c h i n the U n i t e d S t a t e s a f t e r the war, 
e s p e c i a l l y i n the d i v i s i o n of c h e m i s t r y and c h e m i c a l technology 
of the N a t i o n a l Research C o u n c i l . 

P r o j e c t - R e s e a r c h 

P r o j e c t - r e s e a r c h , as i t e v o l v e d d u r i n g the war and through 
the 1920s had s e v e r a l c h a r a c t e r i s t i c s common to what i s known as 
the "problem approach" a l r e a d y i n e x i s t e n c e a t t h a t time. The 
Unit e d S t a t e s government had p i o n e e r e d i n the problem approach as 
e a r l y as 1880 i n the Department of A g r i c u l t u r e , and f o r y e a r s 
s e v e r a l bureau c h i e f s had a s s i g n e d e x p e r t s i n v a r i o u s d i s c i p l i n e s 
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t o work t o g e t h e r on s p e c i f i c problems w i t h l i t t l e r e g a r d t o t r a d i ­
t i o n a l boundaries of s c i e n t i f i c d i s c i p l i n e s C8)- The problem 
approach had been e v i d e n t a l s o i n the work of the R o c k e f e l l e r 
I n s t i t u t e and the Carnegie I n s t i t u t i o n s i n c e t h e i r e s t a b l i s h m e n t 
i n the f i r s t decade of the c e n t u r y . However, d u r i n g World War I 
i n a t t e m p t i n g t o expand t h i s approach t o a s i z e a b l e p o r t i o n o f 
the s c i e n t i s t s of the n a t i o n , new d i f f i c u l t i e s were encountered. 
F i r s t , the number of i n v e s t i g a t o r s t o be o r g a n i z e d was q u i t e 
l a r g e , and second, most of them were not employed by the f e d e r a l 
government, but had to be r e c r u i t e d as v o l u n t e e r s t o work f o r 
l i t t l e o r no remuneration. Wartime p r o j e c t - r e s e a r c h resembled 
the e a r l i e r problem approach i n t h a t i t proceeded by the s t i p u l a ­
t i o n of r e s e a r c h problems worthy of a t t e n t i o n , a l l o c a t i o n of these 
t o s c i e n t i s t s , c o l l e c t i o n of t h e i r r e s u l t s , and s u g g e s t i o n of 
f u r t h e r p r o j e c t s . P r o j e c t - r e s e a r c h d i f f e r e d from the problem 
approach i n t h a t the s c i e n t i s t s were g e n e r a l l y unpaid v o l u n t e e r s 
and were s e l e c t e d from a l a r g e p o p u l a t i o n t h a t were working i n 
v a r i o u s c o l l e g e s and u n i v e r s i t i e s a t c o n s i d e r a b l e d i s t a n c e s a p a r t . 
These d i s t i n c t i o n s became c l e a r a f t e r the war when, d e s p i t e the 
n e a r l y g e n e r a l agreement among s c i e n t i s t s on the d e s i r a b i l i t y of 
c o o p e r a t i o n , t h e r e p r e v a i l e d a f e a r t h a t such schemes might i n t e r * -
f e r e w i t h the t r a d i t i o n a l independence of s c i e n t i s t s . P r o j e c t -
r e s e a r c h was c o n s i d e r e d a c c e p t a b l e because the autonomies of the 
i n v e s t i g a t o r s were m a i n t a i n e d and t h e i r p r o j e c t s were l i m i t e d t o 
s p e c i f i c problems o f s m a l l s i z e . 

Henry P r e n t i s s Armsby, chairman of the a g r i c u l t u r e s e c t i o n of 
the American A s s o c i a t i o n f o r the Advancement of S c i e n c e , urged the 
members of the AAAS i n 1919 to a v o i d b e i n g stampeded by the s u c ~ 
cess of wartime s c i e n t i f i c r e s e a r c h i n t o an undue e x a l t a t i o n of 
the v i r t u e s of s c i e n t i f i c c o o p e r a t i o n and o r g a n i z a t i o n . He 
e x p l a i n e d t h a t 

The men who worked t o g e t h e r almost n i g h t and day t o 
d e v i s e e f f i c i e n t gas masks o r means of submarine 
d e t e c t i o n or methods of sound r a n g i n g were n o t work­
men under the o r d e r s of a s u p e r i o r , but f r e e a s s o c i ­
a t i o n s of s c i e n t i s t s w i t h t r a i n i n g i n common or 
r e l a t e d f i e l d s o f r e s e a r c h and under the i n s p i r a t i o n 
of a common p a t r i o t i s m . P r e c i s e l y t h i s i s what i s 
needed to a c h i e v e the v i c t o r i e s of peace. E f f e c t i v e 
c o o p e r a t i o n cannot be imposed from above by a d m i n i s ­
t r a t i v e a u t h o r i t y but can o n l y come by f r e e demo­
c r a t i c a c t i o n o f i n v e s t i g a t o r s themselves. ( 9 ) . 

The e x t e n s i o n i n t o peacetime of p r o j e c t - r e s e a r c h r e q u i r e d a 
commonly h e l d i d e a l s i m i l a r to the " i n s p i r a t i o n o f a common 
p a t r i o t i s m . " Armsby b e l i e v e d t h i s c o u l d be found i n the program 
of the newly r e o r g a n i z e d NRC, i n t h a t i t s p l a n f o r c o o p e r a t i v e 
r e s e a r c h was based upon the v o l u n t a r y i n i t i a t i v e of i n v e s t i g a t o r s , 
u n i t e d by t h e i r common i n t e r e s t i n s o l v i n g problems e s s e n t i a l f o r 
the advancement of s c i e n c e i n the U n i t e d S t a t e s . Because the 
l e a d e r s of the NRC were convinced t h a t t h i s a t t i t u d e p r e v a i l e d 
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among American s c i e n t i s t s , they were q u i c k to a s s u r e them t h a t 
the NRC 1s program d i d not r e s t r i c t the freedom of s c i e n t i s t s . 
R e p r e s e n t a t i v e of many such statements from 1919 to 1921 i s t h a t 
of Vernon K e l l o g g , permanent s e c r e t a r y of the NRC: 

I know of no one i n the N a t i o n a l Research C o u n c i l ... 
who dreams of s u g g e s t i n g the a d v i s a b i l i t y of organ­
i z i n g or i n any way i n t e r f e r i n g w i t h , the i n d i v i d u ­
a l i s t i c work of s c i e n t i f i c g e n i u s . What i s suggested 
as a d v i s a b l e , because i t was proved to be p o s s i b l e 
and h i g h l y e f f e c t i v e i n our wartime e f f o r t s , i s to 
arrange f o r planned, c o n c e r t e d a t t a c k on l a r g e 
s c i e n t i f i c problems as r e q u i r e numerous c o o p e r a t i n g 
workers and l a b o r a t o r i e s r e p r e s e n t i n g , o f t e n not 
alone one s p e c i a l f i e l d o r even one major f i e l d or 
realm of s c i e n c e , but s e v e r a l such f i e l d s ( 1 0 ) . 

P r o j e c t - r e s e a r c h was e s s e n t i a l to the p l a n s of the NRC not 
o n l y t o ensure s c i e n t i f i c freedom but a l s o f o r a f i n a n c i a l r e ason. 
Having no s u b s t a n t i a l funds t o support r e s e a r c h i t s e l f , the NRC 
was dependent upon s c i e n t i s t s v o l u n t e e r i n g t h e i r e f f o r t s . In both 
r e s p e c t s the model of o r g a n i z a t i o n used by the r e s e a r c h program on 
chem i c a l w a r f a r e d u r i n g the war was found to be a v e r y u s e f u l one 
by the l e a d e r s o f the NRC as they attempted to o r g a n i z e American 
s c i e n c e i n the 1920s. 

V o l u n t a r y Nature of Research on Chemical Warfare 

The m o b i l i z a t i o n o f chemists f o r r e s e a r c h on chemical w a r f a r e 
was accomplished almost e n t i r e l y through t h e i r own v o l u n t a r y 
e f f o r t s and not a t the i n s t i g a t i o n of the m i l i t a r y . In f a c t , 
m i l i t a r y l e a d e r s i n the U n i t e d S t a t e s i n i t i a l l y had i g n o r e d the 
need f o r any c h e m i c a l r e s e a r c h i n t h i s a r e a , a l t h o u g h many chem-. 
i s t s a t the time r e c o g n i z e d t h i s need, as d i d the d i r e c t o r of the 
Bureau of Mines. 

When the U n i t e d S t a t e s entered World War I i n A p r i l , 1917, 
the Army was unprepared f o r gas w a r f a r e . I t possessed n e i t h e r 
s u p p l i e s of gas masks nor s t a n d a r d c h e m i c a l w a r f a r e agents, y e t 
two y e a r s had e l a p s e d s i n c e t h e German army had f i r s t used 
c h l o r i n e gas a t Ypres. In a d d i t i o n , from 1915 t o 1917 the govern­
ments of Germany, France, and Great B r i t a i n had e n l i s t e d the 
s e r v i c e s of chemists i n t h e i r r e s p e c t i v e c o u n t r i e s i n e s t a b l i s h i n g 
programs of c h e m i c a l w a r f a r e and had l e a r n e d t h a t r e s e a r c h was 
e s s e n t i a l i f an army was t o g a i n an advantage on the b a t t l e f i e l d 
by r e l e a s i n g a new, unexpected c h e m i c a l agent. 

American m i l i t a r y men were s k e p t i c a l about the v a l u e of 
c h e m i c a l w a r f a r e i n 1917. T h e i r a t t i t u d e s toward the i n t r u s i o n 
of chemists and gas i n t o w a r f a r e have been examined elsewhere (11). 
Other reasons f o r t h i s l a c k of p r e p a r a t i o n a r e t h a t improved gas 
masks had reduced the e f f e c t i v e n e s s o f p o i s o n gas as a weapon, 
and a t the same time e x t e n s i v e c l o u d gas a t t a c k s l i k e the f i r s t 
a t t a c k a t Ypres had become i n c r e a s i n g l y d i f f i c u l t to c a r r y out. 
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American o f f i c e r s o n l y r e c o g n i z e d the importance of chemical war­
f a r e l a t e r i n 1917, when two major i n n o v a t i o n s were i n t r o d u c e d a t 
the f r o n t . I t was then t h a t the German army f i r s t used mustard 
gas ( d i c h l o r o d i e t h y l s u l f i d e ) , a s k i n v e s i c a n t t h a t produced a 
very h i g h r a t e of c a s u a l t i e s s i n c e masks were of l i t t l e p r o t e c ­
t i o n , and the B r i t i s h army f i r s t employed the L i v e n s p r o j e c t o r , a 
mortar capable of h u r l i n g a 150-pound drum of t o x i c c hemicals i n t o 
the enemy's trenches (12) . So i t was not before l a t e summer of 
1917 t h a t the U n i t e d S t a t e s War Department c o n s i d e r e d s e r i o u s l y 
the development of a program f o r chemical warfare r e s e a r c h . By 
then such a program a l r e a d y was under way, conducted by a few men 
a s s o c i a t e d w i t h the Bureau of Mines who took the r e s p o n s i b i l i t y 
of a s s i g n i n g s p e c i f i c r e s e a r c h p r o j e c t s t o chemists i n the c o l ­
l e g e s and u n i v e r s i t i e s of the cou n t r y . 

The N a t i o n a l Research C o u n c i l had been c r e a t e d i n 1916 i n 
a n t i c i p a t i o n of the war s p e c i f i c a l l y t o serve as an i n t e r m e d i a r y 
to p r o v i d e the government's C o u n c i l of N a t i o n a l Defense w i t h 
t e c h n i c a l a d v i c e from the s c i e n t i s t s of the c o u n t r y . However, 
few of the NRC committees had worked out pla n s f o r t h i s f u n c t i o n 
when the Uni t e d S t a t e s entered the war. A proposed survey of 
e d u c a t i o n a l i n s t i t u t i o n s t o make an i n v e n t o r y of f a c i l i t i e s , 
equipment, and manpower had not yet begun a t the time when many 
u n i v e r s i t y and c o l l e g e f a c u l t y were o f f e r i n g t h e i r s e r v i c e s to 
the government (13, 14). Throughout 1917 the American Chemical 
S o c i e t y urged academic chemists not t o e n l i s t i n the army but 
wai t u n t i l the government c o u l d accept t h e i r s e r v i c e s as chemists 
(15) . Meanwhile, the Bureau of Mines had a l r e a d y assumed re s p o n ­
s i b i l i t y f o r c o n d u c t i n g r e s e a r c h on chem i c a l w a r f a r e and had 
e n l i s t e d the a s s i s t a n c e of many chemists throughout the c o u n t r y . 
The Bureau's program was w e l l e s t a b l i s h e d when i t was p l a c e d f o r 
a d m i n i s t r a t i v e purposes under the NRC's committee on noxious 
gases. 

Since i t s e s t a b l i s h m e n t i n 1910 as a bureau of the Department 
of the I n t e r i o r , the Bureau of Mines had maintained on i t s s t a f f 
a number of s c i e n t i s t s and engineers who s t u d i e d the t o x i c and 
a s p h y x i a t i n g gases o f t e n found i n mines. C o n s i d e r i n g t h i s exper­
t i s e to be of v a l u e i n the are a of gas w a r f a r e , the d i r e c t o r of 
the Bureau of Mines, Van H. Manning, o f f e r e d the s e r v i c e s of h i s 
bureau to the m i l i t a r y committee of the NRC on February 8, 1917 
(16) . Although h i s o f f e r was not accepted f o r s e v e r a l months, 
Manning proceeded w i t h p l a n s to begin r e s e a r c h on ch e m i c a l w a r f a r e 
i n the Bureau of Mines. The Bureau's s m a l l r e s e a r c h f a c i l i t y , 
the P i t t s b u r g h Experiment S t a t i o n , c o u l d not accomodate a l a r g e 
r e s e a r c h program, and so Manning decided to seek v o l u n t e e r s among 
chemists of the U n i t e d S t a t e s who would conduct i n v e s t i g a t i o n s i n 
t h e i r own l a b o r a t o r i e s . A c c o r d i n g l y , he i n i t i a t e d an i n v e n t o r y 
of a v a i l a b l e chemists and engineers i n c o o p e r a t i o n w i t h the 
American I n s t i t u t e of M i n i n g Engineers and the American Chemical 
S o c i e t y . T h e i r members r e c e i v e d q u e s t i o n n a i r e s on which they were 
to r e p o r t t h e i r areas of e x p e r t i s e , t h e i r w i l l i n g n e s s to p a r t i c i -
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pate i n w a r - r e l a t e d p r o j e c t s , and the amount of time they c o u l d 
c o n t r i b u t e (17, 18). By J u l y , 1917, i n f o r m a t i o n on over 15,000 
persons was a v a i l a b l e f o r the s e l e c t i o n of those v o l u n t e e r s who 
would be asked to conduct s p e c i f i c r e s e a r c h p r o j e c t s . Manning 
c o n s i d e r e d the Bureau of Mines f i l e to be a n e a r l y complete l i s t 
of the chemists o f the c o u n t r y s i n c e the membership o f the Ameri­
can Chemical S o c i e t y a t t h a t time was 14,500. During the course 
of World War I Manning's f i l e o f t e n was c o n s u l t e d by o t h e r govern­
mental a g e n c i e s t h a t were r e c r u i t i n g s c i e n t i s t s , and most of the 
chemists who l a t e r e n t e r e d m i l i t a r y s e r v i c e were i d e n t i f i e d 
through t h i s f i l e and t r a n s f e r r e d t o u n i t s where they c o u l d serve 
as c h e m i s t s . 

The m i l i t a r y committee of the NRC f i n a l l y accepted Manning's 
o f f e r on A p r i l 3 and c r e a t e d a committee on n o x i o u s gases w i t h 
Manning as chairman (19). I t was through t h i s committee of the 
NRC t h a t the Bureau of Mines r e c e i v e d i t s a u t h o r i t y t o conduct 
r e s e a r c h on che m i c a l w a r f a r e . Manning, as chairman, conducted 
i t s f u n c t i o n n e a r l y e n t i r e l y through the Bureau of Mines o r g a n i z a ­
t i o n u n t i l the NRC committee on noxious gases was d i s s o l v e d on 
August 10, 1918. In s e l e c t i n g an a d m i n i s t r a t i v e s t a f f Manning 
p r i m a r i l y drew upon Bureau of Mines s t a f f and a few i n d u s t r i a l 
and academic chemists who had served as c o n s u l t a n t s to the Bureau 
i n the p a s t . 

At the second meeting of the committee on n o x i o u s gases, h e l d 
on A p r i l 21, Manning c e n t e r e d the d i s c u s s i o n on the best p l a n f o r 
the o r g a n i z a t i o n o f the r e s e a r c h program. He e x p l a i n e d to the 18 
members pre s e n t ( h i s s t a f f , s e v e r a l Army and Navy o f f i c e r s , and 
members of the c h e m i s t r y committee of the NRC) t h a t i n c o n n e c t i o n 
w i t h h i s i n v e n t o r y of c h e m i s t s , o f f e r s were coming i n from many 
i n d i v i d u a l s and l a b o r a t o r i e s throughout the c o u n t r y . For example, 
chemists at the Johns Hopkins U n i v e r s i t y had o f f e r e d the f r e e use 
of t h e i r s e r v i c e s and the u n i v e r s i t y ' s l a b o r a t o r i e s . Manning 
thought they should take advantage of these o f f e r s r a t h e r than 
conduct the c h e m i c a l w a r f a r e r e s e a r c h e x c l u s i v e l y i n Bureau of 
Mines l a b o r a t o r i e s . The d i s c u s s i o n then moved to the way r e s e a r c h 
on c h e m i c a l w a r f a r e was o r g a n i z e d i n Great B r i t a i n , the d i s a d v a n ­
tages of the B r i t i s h d i v i s i o n i n t o o f f e n s i v e and d e f e n s i v e 
committees, and the d u p l i c a t i o n s of e f f o r t which had r e s u l t e d from 
e x c e s s i v e s e c r e c y and c o m p a r t m e n t a l i z a t i o n of r e s e a r c h . The d e c i ­
s i o n was reached t h a t one c e n t r a l committee would be kept c u r r e n t 
on the p r o g r e s s of a l l r e s e a r c h and t h a t s e v e r a l subcommittees 
would be c r e a t e d r e p r e s e n t i n g s p e c i f i c p r o j e c t s , f o r example one 
to i n v e s t i g a t e new o f f e n s i v e agents. The subcommittees were to 
a s s i s t the c e n t r a l committee i n d e f i n i n g r e s e a r c h problems and 
a s s i g n i n g them to v o l u n t e e r s . A l l r e p o r t s were to be sent to the 
c e n t r a l committee who would ensure t h a t d u p l i c a t i o n d i d not occur 
and t h a t a l l of the s p e c i f i c p r o j e c t s a s s i g n e d were p r o c e e d i n g 
t o g e t h e r . 

George A. B u r r e l l , a former d i r e c t o r of the Bureau of Mines 
P i t t s b u r g h l a b o r a t o r y , was s e l e c t e d by Manning t o be i n charge of 
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r e s e a r c h , and he was g i v e n the immediate t a s k of c o m p i l i n g a l i s t 
of s p e c i f i c r e s e a r c h problems f o r d i s t r i b u t i o n t o v o l u n t e e r s . 
S i n c e the NRC had made i t c l e a r to Manning t h a t he was t o i n t e r ­
f e r e as l i t t l e as p o s s i b l e w i t h c h e m i c a l i n d u s t r i e s , he t u r n e d 
h i s a t t e n t i o n t o chemists i n c o l l e g e s and u n i v e r s i t i e s Ç20). 
Throughout the month of May, two o f Manning's s t a f f , Warren K. 
Lewis and B r a d l e y Dewey, t r a v e l e d to i n s t i t u t i o n s i n the East and 
Midwest, showing to chemists the l o n g l i s t o f problems compiled 
by B u r r e l l and e n l i s t i n g t h e i r a i d . On May 25, 1917, the Bureau 
of Mines accepted the a s s i s t a n c e of 122 chemists and e s t a b l i s h e d 
28 branch l a b o r a t o r i e s of the Bureau of Mines (20 i n c o l l e g e s and 
u n i v e r s i t i e s , f o u r i n i n d u s t r i a l l a b o r a t o r i e s , and f o u r i n govern­
mental l a b o r a t o r i e s ) . 

These l a b o r a t o r i e s and the number of chemists working i n each 
were as f o l l o w s : Carnegie T e c h n i c a l S c h o o l , 5; Massachusetts 
I n s t i t u t e o f Technology, 2; The Johns Hopkins U n i v e r s i t y , 6; 
Harvard U n i v e r s i t y , 5; U n i v e r s i t y of Chicago, 4; Ohio S t a t e U n i ­
v e r s i t y , 5; U n i v e r s i t y o f W i s c o n s i n , 4; U n i v e r s i t y of I l l i n o i s , 4; 
U n i v e r s i t y of C i n c i n n a t i , 1; New York U n i v e r s i t y , 4; C i t y C o l l e g e 
of New York, 2; Columbia U n i v e r s i t y , 3; Massachusetts A g r i c u l t u r a l 
C o l l e g e , 2; Amherst C o l l e g e , 1; Worcester P o l y t e c h n i c I n s t i t u t e , 
4; U n i v e r s i t y of P i t t s b u r g h , 2; C o r n e l l U n i v e r s i t y , 4; New 
Hampshire U n i v e r s i t y , 1; P r i n c e t o n U n i v e r s i t y , 2; Bryn Mawr C o l ­
l e g e , 1; Bureau o f Mines, 4; Bureau of Chemistry, 4; Bureau of 
Standards, 2; F o r e s t P r o d u c t s L a b o r a t o r y , 6; M e l l o n I n s t i t u t e , 4; 
P i t t s b u r g h T e s t i n g L a b o r a t o r y , 2; N a t i o n a l E l e c t r i c Lamp Co., 3; 
N a t i o n a l Carbon Co., 7 (21) . These l a b o r a t o r i e s c o n s t i t u t e d 
the i n i t i a l s i t e s f o r p r o j e c t - r e s e a r c h on c h e m i c a l w a r f a r e . In 
order to c a r r y out t h e i r p l a n t o have one c e n t r a l r e s e a r c h commit­
tee t h a t would c o o r d i n a t e the s p e c i f i c problems a s s i g n e d t o these 
l a b o r a t o r i e s , the committee on noxious gases drew up p l a n s t o 
c o n s t r u c t a c e n t r a l l a b o r a t o r y i n Washington, D.C. 

The branch l a b o r a t o r y a t the Johns Hopkins U n i v e r s i t y became 
the most important one, s i n c e i n the course of i t s work many 
a d d i t i o n a l chemists of the c o u n t r y were r e c r u i t e d . Of the f o u r 
members of the c h e m i s t r y department who v o l u n t e e r e d f o r p r o j e c t s , 
E. Emmet Re i d was the most a c t i v e i n t h i s r e g a r d . H i s assignment 
was t o s e a r c h among o r g a n i c compounds f o r those t h a t might be 
s u i t a b l e new c h e m i c a l w a r f a r e agents. He was a u t h o r i z e d by the 
Bureau of Mines to employ s i x graduate s t u d e n t s as a s s i s t a n t s , 
t h e i r s a l a r i e s b e i n g p a i d by the Bureau ( 2 2 ) . R e i d prepared a 
l i s t of substances which appeared p r o m i s i n g and s e t out t o syn­
t h e s i z e them and e v a l u a t e t h e i r c h e m i c a l and p h y s i c a l p r o p e r t i e s . 
T h i s t a s k proved to be too l a r g e f o r h i s l a b o r a t o r y , and d u r i n g 
the summer of 1917 R e i d d i s t r i b u t e d the t a s k o f p r e p a r a t i o n of 
s p e c i f i c compounds t o over 60 chemists throughout the c o u n t r y and 
maintained an a c t i v e correspondence w i t h them. Many of these men 
had been h i s s t u d e n t s o r had r e c e i v e d t h e i r d o c t o r a l degrees from 
the Johns Hopkins U n i v e r s i t y . R e i d asked them t o suggest a d d i ­
t i o n a l compounds to him and a s s i g n e d the s y n t h e s i s o f these 
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compounds and those w i t h r e l a t e d s t r u c t u r e s t o o t h e r v o l u n t e e r s . 
In some cases the d u p l i c a t i o n of e f f o r t was d e l i b e r a t e ; R e i d gave 
the same s y n t h e t i c problem s i m u l t a n e o u s l y to s e v e r a l c h e m i s t s . 
They submitted r e p o r t s and i n many i n s t a n c e s m a i l e d samples of the 
h i g h l y t o x i c compounds t o R e i d . F i f t y - s i x such samples were 
r e c e i v e d by him d u r i n g the course of the war. Reid's l a b o r a t o r y 
prepared an a d d i t i o n a l 70 compounds and submitted samples of a l l 
of these f o r t o x i c o l o g i c a l t e s t i n g as they were prepared. Based 
on the r e p o r t s of these t e s t s R e i d attempted t o c o r r e l a t e s t r u c ­
t u r e and t o x i c i t y and as a r e s u l t suggested many r e l a t e d compounds 
which he added to the o r i g i n a l l i s t of compounds to be synthesized. 
R eid was a ppointed a c o n s u l t a n t to the Bureau of Mines, i n i t i a l l y 
at a s a l a r y of one d o l l a r a ye a r . He p r e f e r r e d not t o accept a 
commission i n the Army, yet such commissions i n c r e a s i n g l y became 
common among chemists i n the branch l a b o r a t o r i e s as a way of 
r e c e i v i n g governmental payment f o r t h e i r s e r v i c e s . For example, 
a t the end of the war t h e r e were 34 s o l d i e r - c h e m i s t s s t a t i o n e d a t 
the Johns Hopkins U n i v e r s i t y l a b o r a t o r y ( 2 3 ) . 

The branch l a b o r a t o r y e s t a b l i s h e d a t Y a l e U n i v e r s i t y was 
g i v e n r e s p o n s i b i l i t y f o r t e s t i n g the t o x i c i t y o f samples prepared 
by the group of chemists o r g a n i z e d by R e i d . Throughout 1917, 
Y a n d e l l Henderson, a Y a l e p h y s i o l o g i s t and a c o n s u l t a n t t o the 
Bureau of Mines, d i r e c t e d the a c t i v i t i e s of the s t a f f of about 50 
c i v i l i a n and m i l i t a r y p e r s o n n e l a t t h i s s t a t i o n ( 2 4 ) . 

The branch l a b o r a t o r y a t the U n i v e r s i t y of W i s c o n s i n was 
a s s i g n e d the study of the e f f e c t s of prolonged exposure to low 
c o n c e n t r a t i o n s of some of the more important t o x i c compounds, w i t h 
the o b j e c t of d e t e r m i n i n g the hazards which would accompany t h e i r 
manufacture on a l a r g e s c a l e . At the h e i g h t of i t s a c t i v i t y t h i s 
l a b o r a t o r y i n v o l v e d 15 members of the f a c u l t y . Some were commis­
sio n e d i n the Army, but most served as c i v i l i a n c o n s u l t a n t s t o the 
Bureau of Mines at a token s a l a r y . They were a s s i s t e d by 33 s o l ­
d i e r s who were a s s i g n e d to duty a t the U n i v e r s i t y of W i s c o n s i n . 
L a t e r i n the war, the work was expanded to i n c l u d e the study o f 
the m e d i c a l e f f e c t s of gas p o i s o n i n g and the development of s a l v e s 
f o r p r o t e c t i o n a g a i n s t mustard gas (25). 

The l a r g e s t of the branch l a b o r a t o r i e s was e s t a b l i s h e d a t 
C a t h o l i c U n i v e r s i t y i n Washington, D.C. I t s s t a f f of about 75 
c a r r i e d out r e s e a r c h on a r s e n i c compounds and subsequently d e v e l ­
oped one of the new war gases produced by the U n i t e d S t a t e s d u r i n g 
World War I , L e w i s i t e Ç26). 

The m o i s t u r e and gas content of c h a r c o a l s and the a c t i v a t i o n 
of c h a r c o a l f o r use i n gas masks was the major p r o j e c t undertaken 
by the branch l a b o r a t o r y a t P r i n c e t o n U n i v e r s i t y . George A. 
H u l l e t , a p r o f e s s o r of p h y s i c a l c h e m i s t r y a t the U n i v e r s i t y , 
d i r e c t e d a s t a f f of 14 chemists who as s o l d i e r s were s t a t i o n e d 
t h e r e d u r i n g the war. Fred Neher, an o r g a n i c chemist, was a s ­
s i s t e d by th r e e graduate s t u d e n t s employed by the Bureau o f Mines 
i n the s y n t h e s i s of s e v e r a l compounds suggested by E. Emmet Reid 
( 2 7 ) . 
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The work of many o f these l a b o r a t o r i e s was c o o r d i n a t e d d u r i n g 
the summer o f 1917 by James F. N o r r i s , a chemist o f the Massachu­
s e t t s I n s t i t u t e o f Technology, who v i s i t e d each r e g u l a r l y t o 
p r o v i d e i n f o r m a t i o n on the pr o g r e s s of the o t h e r l a b o r a t o r i e s and 
to suggest a d d i t i o n a l p r o j e c t s . The r e g u l a r r e p o r t s o f Reid and 
Henderson p o i n t e d out s e v e r a l compounds the ch e m i c a l and p h y s i o ­
l o g i c a l p r o p e r t i e s o f which i n d i c a t e d t h a t they would be u s e f u l 
as war gases, but N o r r i s found i t d i f f i c u l t t o a s s i g n t o the 
branch l a b o r a t o r i e s the much more dangerous t a s k s o f s e t t i n g up 
s m a l l - s c a l e s y n t h e t i c p l a n t s f o r the p r o d u c t i o n o f these a g e n t s . 
For t h i s reason and because o f the l a r g e amount o f time spent by 
N o r r i s i n v i s i t i n g branch l a b o r a t o r i e s , Manning p r e s s e d on the 
c o n s t r u c t i o n of the c e n t r a l l a b o r a t o r y he had e n v i s i o n e d from the 
be g i n n i n g . 

In September of 1917 the Bureau of Mines experiment s t a t i o n 
a t American U n i v e r s i t y i n Washington, D.C. began o p e r a t i o n s . 
American U n i v e r s i t y gave the use of i t s b u i l d i n g s t o the Bureau 
f o r the d u r a t i o n of the war and t h i s s i t e grew t o become the main 
c e n t e r f o r c h e m i c a l w a r f a r e r e s e a r c h i n the U n i t e d S t a t e s d u r i n g 
World War I . W i t h i n a few months a l a r g e number of chemists i n 
the Army were a s s i g n e d t o t h i s s t a t i o n , h a v i n g been i d e n t i f i e d 
through the Bureau of Mines f i l e o f ch e m i s t s . In a d d i t i o n , many 
academic chemists were b e i n g r e l e a s e d from t h e i r t e a c h i n g d u t i e s 
i n o r d e r t o serve as f u l l - t i m e c o n s u l t a n t s t o the Bureau of Mines, 
and they came to t h i s experiment s t a t i o n to c o n t r i b u t e t o the 
expanding work on c h e m i c a l w a r f a r e . 

P r o j e c t - R e s e a r c h on Chemical Warfare 

On September 21, 1917, the U n i t e d S t a t e s Army s t a t e d t h a t i n 
view o f the growing number of s o l d i e r s b e i n g a s s i g n e d t o war gas 
r e s e a r c h , the work c o u l d be a d m i n i s t e r e d b e t t e r under m i l i t a r y 
c o n t r o l ( 2 8 ) . Manning and o t h e r l e a d e r s of the Bureau of Mines 
who had c r e a t e d the r e s e a r c h program opposed t h i s t r a n s f e r t o 
m i l i t a r y c o n t r o l and c i t e d the accomplishments of the e f f i c i e n t 
o r g a n i z a t i o n they had c r e a t e d ( 1 6 ) . The American Chemical S o c i e t y 
a l s o defended the c i v i l i a n o r g a n i z a t i o n under the Bureau o f Mines 
and expressed f e a r t h a t c o n t r o l by the m i l i t a r y might suppress 
"the s p i r i t o f o r i g i n a l i t y , d a r i n g and speed i n f o l l o w i n g new 
t r a i l s , so e s s e n t i a l t o the s u c c e s s f u l p r o s e c u t i o n of r e s e a r c h " 
(2 9 ) . D e s p i t e these p r o t e s t s , c h e m i c a l w a r f a r e r e s e a r c h i n the 
Un i t e d S t a t e s was t r a n s f e r r e d to the Army on June 26, 1918. T h i s 
t r a n s f e r a c t u a l l y d i d not a l t e r the p o l i c i e s o r the a d m i n i s t r a t i o n 
of r e s e a r c h , but i t d i d cause most of the chemists who were d e s i g ­
nated c o n s u l t a n t s t o the Bureau o f Mines a t a token s a l a r y t o 
accept commissions i n the Chemical Warfare S e r v i c e , a newly 
c r e a t e d branch of the Army. The Chemical Warfare S e r v i c e brought 
a l l elements of ch e m i c a l w a r f a r e under one a d m i n i s t r a t i v e head, 
from the chemists s e r v i n g i n v a r i o u s gas regiments o p e r a t i n g i n 
combat i n France t o those i n the Research D i v i s i o n d e s i g n i n g new 
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c h e m i c a l agents. With t h i s t r a n s f e r the Bureau o f Mines s t a f f o f 
1682 s c i e n t i s t s a t the American U n i v e r s i t y Experiment S t a t i o n and 
at the branch l a b o r a t o r i e s throughout the co u n t r y became the Re­
se a r c h D i v i s i o n o f the Chemical Warfare S e r v i c e . Of t h i s number, 
I, 034 were d e s i g n a t e d as t e c h n i c a l p e r s o n n e l , m o s t l y c h e m i s t s , and 
648 as n o n - t e c h n i c a l , a u x i l i a r y p e r s o n n e l (16, 3 0 ) . On November 
I I , 1918, the number of chemists i n the Armed Forces numbered 
5,404 and 4,003 o f these were employed i n c h e m i c a l work ( 3 1 ) . A 
l a r g e p r o p o r t i o n o f the chemi s t s (about 2000 of these) were mem­
bers of the Research D i v i s i o n and most o f these were engaged i n 
the type of r e s e a r c h t h a t had become c h a r a c t e r i s t i c o f the r e ­
se a r c h on chemical w a r f a r e , p r o j e c t - r e s e a r c h . 

The Research D i v i s i o n o f the Chemical Warfare S e r v i c e w i t h 
headquarters a t American U n i v e r s i t y conducted r e s e a r c h on a l l 
a s p e c t s of ch e m i c a l w a r f a r e ; i n c l u d i n g the study o f v a r i o u s c h a r ­
c o a l s and o t h e r absorbents f o r gas, i n i t i a l s e l e c t i o n and syn ­
t h e s i s o f p o s s i b l e c h e m i c a l a g e n t s , t e s t i n g these f o r t o x i c i t y , 
and development of s m a l l - s c a l e m a n u f a c t u r i n g p r o c e s s e s . T h i s 
program was d i v i d e d i n i t i a l l y i n t o t e n g e n e r a l r e s e a r c h s e c t i o n s , 
i n c l u d i n g o f f e n s e , p h a r m a c o l o g i c a l r e s e a r c h , defense, e d i t o r i a l 
work, and s m a l l - s c a l e m a n u f a c t u r i n g . I n d i v i d u a l p r o j e c t s were 
a s s i g n e d to s m a l l groups of i n v e s t i g a t o r s a t the c e n t r a l l a b o r a ­
t o r y and branch l a b o r a t o r i e s by the s e c t i o n c h i e f s , most of whom 
were a t the c e n t r a l l a b o r a t o r y d u r i n g 1918. The s e c t i o n c h i e f s 
prepared r e p o r t s every two weeks and summary r e p o r t s l e s s f r e ­
q u e n t l y f o r the c h i e f o f the e d i t o r i a l s e c t i o n , W i l d e r D. Bancroft. 
B a n c r o f t ' s s t a f f prepared summaries o f the r e l a t i v e p r o g r e s s on 
the v a r i o u s p r o j e c t s and p o i n t e d out the s i g n i f i c a n c e t o o t h e r 
r e s e a r c h o f developments i n s p e c i f i c p r o j e c t s . These summaries 
were c i r c u l a t e d to the v a r i o u s r e s e a r c h s e c t i o n s as w e l l as o t h e r 
d i v i s i o n s o f the Chemical Warfare S e r v i c e . The e d i t o r i a l s e c t i o n 
a l s o prepared r e p l i e s t o r e p o r t s r e c e i v e d from the B r i t i s h and 
French l a b o r a t o r i e s and prepared summary r e p o r t s o f American p r o g ­
r e s s on problems of common i n t e r e s t t o the A l l i e s , such as a 
method f o r the manufacture of mustard gas. 

The work of the o f f e n s e s e c t i o n of the Research D i v i s i o n i s 
i l l u s t r a t i v e o f t h e method of p r o j e c t - r e s e a r c h and i t a l s o shows 
the c o o p e r a t i o n e s t a b l i s h e d between chemists i n t h i s s e c t i o n and 
the p h y s i o l o g i s t s and p h a r m a c o l o g i s t s i n the p h a r m a c o l o g i c a l r e ­
se a r c h s e c t i o n ; t h i s r e l a t i o n s h i p was c i t e d a f t e r the war as an 
example of c o o p e r a t i v e r e s e a r c h t h a t might be u s e f u l i n promoting 
r e s e a r c h on new drugs. The work of the o f f e n s e s e c t i o n a c t u a l l y 
began i n May, 1917, when E. Emmet R e i d was asked t o undertake the 
i n v e s t i g a t i o n o f o r g a n i c compounds and t o prepare such ones as 
were s u i t a b l e f o r c h e m i c a l w a r f a r e . As s t a t e d p r e v i o u s l y , R e i d 
a s s i g n e d the s y n t h e s i s of s p e c i f i c compounds o r c l a s s e s o f r e l a t e d 
compounds t o p a r t i c u l a r i n d i v i d u a l chemists and t o groups i n the 
branch l a b o r a t o r i e s as w e l l as chemists working i n h i s l a b o r a t o r y 
at the Johns Hopkins U n i v e r s i t y . A f t e r the work was t r a n s f e r e d t o 
c o n t r o l o f the Army the work of the new o f f e n s e s e c t i o n was p r i -
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m a r i l y c e n t e r e d a t American u n i v e r s i t y , but p r o j e c t s c o n t i n u e d t o 
be a s s i g n e d t o the v o l u n t e e r s R e i d had o r g a n i z e d . I n June, 1918, 
the o f f e n s e s e c t i o n c o n s i s t e d o f a s t a f f o f 165 a t the c e n t r a l 
l a b o r a t o r y a t American U n i v e r s i t y , but a l s o 50 chemists i n seven 
o f the branch l a b o r a t o r i e s and a l s o a few s c a t t e r e d i n d i v i d u a l 
c h emists i n o t h e r u n i v e r s i t i e s . The branch l a b o r a t o r i e s a s s o c i ­
a t e d w i t h t h i s s e c t i o n were a t Worchester P o l y t e c h n i c I n s t i t u t e , 
Bryn Mawr C o l l e g e , the Johns Hopkins U n i v e r s i t y , P r i n c e t o n U n i v e r ­
s i t y , Ohio S t a t e U n i v e r s i t y , Y a l e U n i v e r s i t y , and Columbia 
U n i v e r s i t y (23^ 32). I n June, 1918 Lauder W. Jones, f o r m e r l y o f 
the U n i v e r s i t y o f C i n c i n n a t i , was ap p o i n t e d c h i e f o f the s e c t i o n . 

A g e n e r a l p a t t e r n emerged i n the o f f e n s e s e c t i o n whereby 
whenever a new r e s e a r c h problem arose i t would be g i v e n t o a team 
of i n v e s t i g a t o r s a t one of the above l a b o r a t o r i e s . The c e n t r a l 
l a b o r a t o r y a t American U n i v e r s i t y had s i x r e s e a r c h u n i t s , t h r e e 
of these were devoted t o o r g a n i c c h e m i s t r y , two t o a n a l y t i c a l 
c h e m i s t r y and one t o i n o r g a n i c c h e m i s t r y . Each o f the seven 
branch l a b o r a t o r i e s above c o n s t i t u t e d an a d d i t i o n a l u n i t . For 
example, the t a s k of d e v i s i n g a method f o r the s y n t h e s i s o f 
mustard gas was a s s i g n e d t o a u n i t o f o r g a n i c chemists a t American 
U n i v e r s i t y under the d i r e c t i o n of James B. Conant ( 3 3 ) . Conant 
d i v i d e d t h i s problem i n t o the study o f t h r e e s y n t h e t i c p r o c e s s e s : 
1) the p r o d u c t i o n of e t h y l e n e ; 2) e t h y l e n e c h l o r o h y d r i n from 
e t h y l e n e ; and 3) mustard gas from e t h y l e n e c h l o r o h y d r i n . For the 
l a t t e r p r o j e c t Conant e n l i s t e d the a i d o f Moses Gomberg a t the 
u n i v e r s i t y of M i c h i g a n , and Gomberg sub s e q u e n t l y submitted from 
h i s l a b o r a t o r y a t M i c h i g a n a r e p o r t on the s y n t h e t i c p r o c e s s he 
developed ( 3 4 ) . An a l t e r n a t e method f o r the s y n t h e s i s o f mustard 
gas was ac h i e v e d by Conant's u n i t i n c o o p e r a t i o n w i t h a B r i t i s h 
r e s e a r c h team. I t was t y p i c a l of p r o j e c t - r e s e a r c h i n the Research 
D i v i s i o n t h a t the same t a s k was g i v e n to d i f f e r e n t groups so t h a t 
they might pursue independent paths and r e s u l t s would be a t t a i n e d 
i n the s h o r t e s t time. 

Cooperation between teams of i n v e s t i g a t o r s was important on 
p r o j e c t s i n v o l v i n g the s e a r c h f o r new c h e m i c a l w a r f a r e agents. 
D u r i n g a p e r i o d o f l e s s than two ye a r s t h e chemists of the o f f e n s e 
s e c t i o n prepared over 1600 compounds f o r examination as p o s s i b l e 
war gases ( 3 5 ) . T h i s was made p o s s i b l e through the c l o s e a s s o c i a ­
t i o n of chemists w i t h members o f the p h a r m a c o l o g i c a l r e s e a r c h 
s e c t i o n throughout the i n i t i a l stages i n the development of a 
pr o m i s i n g new c h e m i c a l agent. The g e n e r a l procedure was as follows. 
A sample of the new compound was prepared by one team, then i t s 
p h y s i c a l and c h e m i c a l p r o p e r t i e s were s t u d i e d by another team t o 
determine i t s s t a b i l i t y i n s h e l l c a s i n g s , i t s v o l a t i l i t y , e t c . 
Meanwhile, a u n i t of the p h a r m a c o l o g i c a l s e c t i o n examined i t s 
b i o l o g i c a l e f f e c t s . A meeting was then arranged between the 
ch e m i s t s , p h y s i o l o g i s t s , and p h a r m a c o l o g i s t s i n v o l v e d , t o d e c i d e 
i f the compound was s u i t a b l e f o r use i n combat. I f so, the t a s k 
of d e v e l o p i n g a s m a l l - s c a l e m a n u f a c t u r i n g p r o c e s s was g i v e n to 
another s e c t i o n , and a t the same time a sample of the compound was 
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examined by the defense s e c t i o n t o ensure t h a t American gas masks 
c o u l d be m o d i f i e d t o g i v e adequate p r o t e c t i o n a g a i n s t t h i s com­
pound. I f a l l i n v e s t i g a t i o n s t o t h i s p o i n t gave s a t i s f a c t o r y 
r e s u l t s , the p r o j e c t was submitted t o the Development D i v i s i o n 
or d i r e c t l y t o the Gas M a n u f a c t u r i n g D i v i s i o n o f the Chemical 
Warfare S e r v i c e . Often the chemists who were most f a m i l i a r w i t h 
the new agent were t r a n s f e r r e d t o these d i v i s i o n s w i t h t he p r o j ­
e c t . The e f f i c i e n c y w i t h which t h i s arrangement was conducted 
can be i l l u s t r a t e d by the s h o r t time r e q u i r e d f o r the s c i e n t i s t s 
of the o f f e n s e s e c t i o n t o s e l e c t , p r e p a r e , s t u d y , and f i n a l l y 
produce on a s m a l l s c a l e , the t h r e e c h e m i c a l agents which were 
o r i g i n a l c o n t r i b u t i o n s o f America's c h e m i c a l w a r f a r e r e s e a r c h . 

L e w i s i t e was the best known of the war gases developed by 
the Research D i v i s i o n . A l t h o u g h i t was n o t used on the b a t t l e ­
f i e l d , i t became the s u b j e c t o f many s e n s a t i o n a l r e p o r t s a f t e r 
the war. L e w i s i t e was named f o r Winford Lee L e w i s , a chemist a t 
Northwestern U n i v e r s i t y , who f i r s t i s o l a t e d i t and s t u d i e d i t s 
p r o p e r t i e s as a v e s i c a n t . In January, 1918, an a d d i t i o n a l branch 
l a b o r a t o r y o f the o f f e n s e s e c t i o n was e s t a b l i s h e d a t C a t h o l i c 
u n i v e r s i t y , and i t was here t h a t Lewis d i d h i s work as l e a d e r of 
" o r g a n i c u n i t no. 3." There was gr e a t i n t e r e s t i n a r s e n i c com­
pounds f o l l o w i n g the i n t r o d u c t i o n of c h l o r o d i p h e n y l a r s i n e , "sneeze 
gas," by the German army. I n a survey o f the ch e m i c a l l i t e r a t u r e , 
Lewis read of an a r s e n i c a l produced from the r e a c t i o n of a r s e n i c 
t r i c h l o r i d e and a c e t y l e n e . He found subsequently t h a t one of the 
s e v e r a l p r o d u c t s of t h i s r e a c t i o n had e x c e l l e n t p r o p e r t i e s f o r use 
as a war gas. D u r i n g the summer of 1918, Lewis's u n i t and Conant's 
u n i t sought methods f o r the e f f i c i e n t s y n t h e s i s of t h i s new agent. 
Four months a f t e r t h i s p r o j e c t began, a p l a n t f o r the manufacture 
of L e w i s i t e a c c o r d i n g t o a method worked out by Conant and Lewis 
was under c o n s t r u c t i o n . 

In order t o p r o v i d e an example of p r o j e c t - r e s e a r c h i t i s 
u s e f u l t o examine i n more d e t a i l the c o o r d i n a t i o n o f the work of 
the two u n i t s o f the o f f e n s e s e c t i o n and o t h e r p a r t s of the Re­
se a r c h D i v i s i o n on the v a r i o u s p r o j e c t s a s s o c i a t e d w i t h t he 
development of L e w i s i t e . On A p r i l 13, 1918 Lewis read i n an 
unp u b l i s h e d d i s s e r t a t i o n completed i n 1904 a t C a t h o l i c u n i v e r s i t y 
by J u l i u s A r t h u r Nieuwland of a poisonous, gummy mass produced i n 
the r e a c t i o n o f a c e t y l e n e and a r s e n i c t r i c h l o r i d e i n the presence 
of aluminum t r i c h l o r i d e . S i x o f the 12 to 14 members of o r g a n i c 
u n i t no. 3 a t t h i s time were a s s i g n e d by Lewis t o the study o f 
t h i s r e a c t i o n . W i t h i n two weeks they e s t a b l i s h e d t h a t the gummy 
mass c o n s i s t e d o f t h r e e compounds. Samples were i s o l a t e d of each, 
they were p u r i f i e d , and sent t o the p h a r m a c o l o g i c a l s e c t i o n f o r 
t e s t i n g . Meanwhile the chemists determined the c h e m i c a l i d e n t i t y 
of the t h r e e s u b s t a n c e s . I t was r e p o r t e d by the p h a r m a c o l o g i c a l 
s e c t i o n t h a t a l l t h r e e were v e s i c a n t s and po i s o n s but not t o an 
equa l degree. Because o f the p o t e n t c y of one of the t h r e e , 
d i c h l o r o ( 2 - c h l o r o v i n y l ) a r s i n e , James F. N o r r i s , then head of the 
o f f e n s e s e c t i o n , i n c r e a s e d t he s i z e of o r g a n i c u n i t no. 3 t o 35 by 

 P
ub

lic
at

io
n 

D
at

e:
 A

ug
us

t 2
3,

 1
98

4 
| d

oi
: 1

0.
10

21
/b

k-
19

84
-0

22
8.

ch
00

9

In Chemistry and Modern Society; Parascandola, J., el al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1984. 



9. J O N E S Chemical Warfare Research 177 

the assignment of a d d i t i o n a l s o l d i e r - c h e m i s t s to the l a b o r a t o r y a t 
C a t h o l i c U n i v e r s i t y . The e n t i r e team c o n c e n t r a t e d t h e i r e f f o r t s 
on i n c r e a s i n g the p r o p o r t i o n of what came to be c a l l e d L e w i s i t e 
t h a t was produced i n the r e a c t i o n , p r e p a r i n g v a r i o u s d e r i v a t i v e s 
of t h i s compound, and s u b s t i t u t i n g r e l a t e d a c e t y l e n e s i n the r e ­
a c t i o n . Soon, N o r r i s c a l l e d upon Conant's u n i t at American U n i ­
v e r s i t y to s c a l e up the s y n t h e t i c p r o c e s s . F i n a l l y t h i s t a s k was 
t r a n s f e r r e d to the Development D i v i s i o n which c o n s t r u c t e d a manu­
f a c t u r i n g p l a n t a t C l e v e l a n d . The f i r s t shipment of L e w i s i t e was 
enroute to Europe when the A r m i s t i c e was s i g n e d , and the dangerous 
cargo was dumped at sea Ç26, 32, 36). 

Adamsite, 10 - c h l o r o - 5 , 1 0 - d i h y d r o p h e n a r s a z i n e , was named f o r 
Roger Adams, a chemist a t the U n i v e r s i t y of I l l i n o i s , who d u r i n g 
the war was i n charge of o r g a n i c u n i t no. 2 a t American U n i v e r s i t y . 
On March 1, 1918, t h i s u n i t was formed and g i v e n the p r o j e c t of 
d e v e l o p i n g an e f f i c i e n t s y n t h e s i s f o r c h l o r o d i p h e n y l a r s i n e , s i n c e 
at t h a t time the method used by the Germans was unknown to the 
A l l i e s . At a conference on A p r i l 18, David W o r r a l , f o r m e r l y a 
chemist a t Smith C o l l e g e , suggested the p r e p a r a t i o n of a compound 
w i t h a s i m i l a r s t r u c t u r e , 1 0 - c h l o r o - 5 , 1 0 - d i h y d r o p h e n a r s a z i n e , the 
s y n t h e s i s of which seemed much s i m p l e r (32) . The chemists under 
Adams prepared t h i s s u b stance, and i t was found t h a t i t a l s o was 
an e f f e c t i v e "sneeze gas" when d i s p e r s e d as a smoke from f l a r e s 
(37). T h i s smoke c o u l d p e n e t r a t e gas masks, f o r c e the wearer to 
remove the mask because of the v i o l e n t s n e e z i n g i t caused, and 
thus expose the s o l d i e r to a l e t h a l gas present on the b a t t l e ­
f i e l d . As i n the case of L e w i s i t e however, Adamsite was not 
produced i n time t o be used d u r i n g World War I . 

Chloroacetophenone was among the many samples o f p o s s i b l e war 
gases prepared by E. Emmet Re i d and sent to the Bureau of Mines 
i n 1917. Because t h e r e were no t e s t i n g f a c i l i t i e s f o r lachryma-
t o r s u n t i l the c e n t r a l l a b o r a t o r y was completed, the v a l u e of t h i s 
compound as a t e a r gas went u n n o t i c e d . I t was January, 1918, 
b e f o r e the r e s u l t s of the p h y s i o l o g i c a l t e s t s were r e p o r t e d which 
showed chloroacetophenone to be s u p e r i o r t o any o t h e r t e a r gas i n 
use a t the time ( 2 3 ) . The Johns Hopkins U n i v e r s i t y branch l a b o ­
r a t o r y , i n c o o p e r a t i o n w i t h a u n i t a t American U n i v e r s i t y then 
developed a method of s y n t h e s i s . A l t hough chloroacetophenone was 
not produced i n q u a n t i t y b e f o r e the war ended, i t became the 
standard t e a r gas used by c i v i l i a n p o l i c e a f t e r the war ( 3 8 ) . 

T r a n s f e r of P r o j e c t - R e s e a r c h to Peacetime 

The e x p e r i e n c e of p a r t i c i p a t i o n i n p r o j e c t - r e s e a r c h was 
shared by n e a r l y 2000 members of the Research D i v i s i o n of the 
Chemical Warfare S e r v i c e . Some of the most i n f l u e n t i a l chemists 
of the c o u n t r y , i n a d d i t i o n to p h a r m a c o l o g i s t s and p h y s i o l o g i s t s , 
were among t h i s group, and a f t e r the war they r a p i d l y r e t u r n e d t o 
t h e i r former p o s i t i o n s i n government, i n d u s t r y , and h i g h e r educa­
t i o n . They had l e a r n e d the v a l u e of p r o j e c t - r e s e a r c h i n promoting 
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the c o l l a b o r a t i o n o f s c i e n t i s t s i n d i f f e r e n t f i e l d s and working i n 
l a b o r a t o r i e s separated by some d i s t a n c e . Those who p r e v i o u s l y 
s p e c i a l i z e d i n o r g a n i c , p h y s i c a l , b i o l o g i c a l , o r a n a l y t i c a l chem­
i s t r y were u n i t e d i n the Research D i v i s i o n i n t h e i r work on 
aspe c t s of a s i n g l e problem. Consequently, each a p p r e c i a t e d more 
f u l l y the advantages of working c l o s e l y w i t h t h e i r c o l l e a g u e s . 
From the r e p o r t s i s s u e d by the e d i t o r i a l s e c t i o n many of the chem­
i s t s came to a p p r e c i a t e o t h e r areas of the r e s e a r c h i n which they 
were not d i r e c t l y i n v o l v e d , and they were enabled t o a p p r e c i a t e 
the i n t e n s e r e s e a r c h e f f o r t t h a t was made on ch e m i c a l w a r f a r e by 
s c i e n t i s t s i n the U n i t e d S t a t e s . As the accomplishments and 
methods of t h e i r wartime work became known through t h e i r p e r s o n a l 
c o n t a c t s and p u b l i s h e d papers, the Research D i v i s i o n became known 
to an even l a r g e r number of s c i e n t i s t s as a model o f p r o j e c t -
r e s e a r c h . 

The American Chemical S o c i e t y took p r i d e i n the r o l e i t had 
play e d i n the r e c r u i t m e n t of chemists f o r r e s e a r c h on c h e m i c a l 
w a r f a r e and i t was l a r g e l y r e s p o n s i b l e f o r the p u b l i c a t i o n of the 
r e s u l t s o f t h e i r work. A s e r i e s of a r t i c l e s appeared i n the 
w i d e l y read J o u r n a l of I n d u s t r i a l and E n g i n e e r i n g Chemistry 
d e s i g n a t e d as " C o n t r i b u t i o n s from the Chemical Warfare S e r v i c e , " 
summarizing the tech n i q u e s and f i n d i n g s u s e f u l t o the wider s t u d y 
of c h e m i s t r y ( 3 9 ) . When the War Department attempted to a b o l i s h 
the Chemical Warfare S e r v i c e i n 1919, the ACS cooperated i n a 
campaign of p u b l i c i t y about the work of the Chemical Warfare 
S e r v i c e and c o n t r i b u t e d i n a major way t o i t s s u r v i v a l ( 4 0 ) . Many 
chemists who f o r m e r l y had worked i n the Research D i v i s i o n d e l i v e r e d 
p u b l i c addresses and wrote l e t t e r s i n support of the con t i n u a n c e 
of the Chemical Warfare S e r v i c e t o newspapers and t o members o f 
Congress. 

The p a t t e r n of p r o j e c t - r e s e a r c h was thus impressed on the 
cons c i o u s n e s s o f the chemical p r o f e s s i o n ; i t appeared t o be 
capable of i n c r e a s i n g the p r o d u c t i v i t y and e f f i c i e n c y of s c i e n c e . 
The p e r s i s t e n c e of the p a t t e r n was e v i d e n t i n the p o l i c i e s 
e s t a b l i s h e d by the N a t i o n a l Research C o u n c i l , e s p e c i a l l y i n i t s 
d i v i s i o n of c h e m i s t r y and chemical t e c h n o l o g y . I n 1919 the c o o r ­
d i n a t i o n o f the e f f o r t s o f chemists i n c o l l e g e s and u n i v e r s i t i e s 
throughout the c o u n t r y on problems s e l e c t e d by the chairman of 
t h i s d i v i s i o n was regarded as a s i m i l a r t a s k to t h a t d e a l t w i t h 
i n wartime by p r o j e c t - r e s e a r c h . Even b e f o r e the war ended, the 
type of r e s e a r c h i n a u g u r a t e d i n Manning's committee on noxious 
gases began to be used i n o t h e r programs o f the N a t i o n a l Research 
C o u n c i l . John Johnston was s e l e c t e d t o become chairman of the 
d i v i s i o n of c h e m i s t r y and chemical technology a t the b e g i n n i n g of 
1918. P r i o r t o t h i s , as a member of Manning's committee he had 
been i n charge of the o f f e n s e s e c t i o n a t American U n i v e r s i t y ( 2 8 ) . 
In h i s new post as head of the c h e m i s t r y d i v i s i o n Johnston em­
ployed the same p a t t e r n of p r o j e c t - r e s e a r c h i n order t o e f f e c t 
c o l l a b o r a t i o n of the n a t i o n ' s chemists w i t h governmental l a b o ­
r a t o r i e s . In 1918 he as s i g n e d about 50 s p e c i f i c p r o j e c t s to 
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chemists i n i n d u s t r y and e d u c a t i o n a l i n s t i t u t i o n s c o n c e r n i n g t he 
supply o f e s s e n t i a l c h e m i c a l s f o r t h e war (41) . I n 1919, as the 
d i v i s i o n s of the N a t i o n a l Research C o u n c i l were r e o r g a n i z e d on a 
permanent b a s i s , Johnston was succeeded as chairman by W i l d e r D. 
B a n c r o f t , a p h y s i c a l chemist a t C o r n e l l U n i v e r s i t y . D u r i n g the 
war B a n c r o f t had headed the e d i t o r i a l s e c t i o n of the Research 
D i v i s i o n o f the Chemical Warfare S e r v i c e , and had c o o r d i n a t e d the 
work of v a r i o u s r e s e a r c h teams through h i s p r o g r e s s r e p o r t s . 
B a n c r o f t knew more than anyone about the p a t t e r n of p r o j e c t -
r e s e a r c h on che m i c a l w a r f a r e , and i n 1919 he produced the most 
comprehensive r e p o r t of the e n t i r e o p e r a t i o n ( 2 8 ) . 

Under the l e a d e r s h i p of Johnston and B a n c r o f t d u r i n g the 
f i r s t two ye a r s of i t s o p e r a t i o n i n peacetime, the p o l i c y o f the 
d i v i s i o n of c h e m i s t r y and c h e m i c a l technology o f the N a t i o n a l 
Research C o u n c i l became: "(1) to f o r m u l a t e s p e c i a l r e s e a r c h 
problems f o r i n d i v i d u a l s ; (2) to f o r m u l a t e g e n e r a l problems of 
fundamental importance i n v o l v i n g c o o p e r a t i v e work; (3) t o b r i n g 
t o g e t h e r men i n d i f f e r e n t branches of c h e m i s t r y o r men i n d i f f e r ­
ent branches of s c i e n c e , each of whom i s f a m i l i a r w i t h a g i v e n 
s u b j e c t from a p o i n t of vi e w not h e l d by the o t h e r s " ( 4 2 ) . At 
the d i v i s i o n ' s annual meeting, h e l d i n March 1919, a r e s o l u t i o n 
was passed " t h a t i t s h a l l be the p o l i c y o f the d i v i s i o n t o form 
committees o n l y f o r t h e purpose o f u n d e r t a k i n g d e f i n i t e p r o j e c t s " 
(43 ) . Each committee was to assemble a l i s t o f important p r o j e c t s 
which c o u l d be undertaken i n u n i v e r s i t y l a b o r a t o r i e s , t o a s c e r t a i n 
f o r each p r o j e c t an i n s t i t u t i o n which was a b l e and w i l l i n g t o 
conduct the i n v e s t i g a t i o n , and t o seek funds from c h e m i c a l i n d u s ­
t r i e s t o support the i n v e s t i g a t i o n s . At t h e i r next meeting the 
e x e c u t i v e committee approved a q u e s t i o n n a i r e t o be sent t o a l l 
chemists of the u n i t e d S t a t e s on which they c o u l d i n d i c a t e t h e i r 
d e s i r e t o be informed o f p r o j e c t s o f the N a t i o n a l Research 
C o u n c i l w i t h i n a s p e c i f i c f i e l d of c h e m i s t r y ( 4 4 ) . 

I t was B a n c r o f t ' s o p i n i o n t h a t t o j u s t i f y i t s e x i s t e n c e , the 
d i v i s i o n must produce r e s u l t s which c o u l d n o t be o b t a i n e d o t h e r ­
w i s e , and t h a t the bes t way to a c c o m p l i s h t h i s was t o s e l e c t 
p r o j e c t s on the " b o r d e r l a n d s " between c h e m i s t r y and one o r more 
of the o t h e r s c i e n c e s (45) . I n accordance w i t h t h i s p o l i c y the 
m a j o r i t y o f committees o r g a n i z e d i n the 1920s concerned these 
b o r d e r l a n d s . One of the f i r s t t o be formed was the committee on 
the c h e m i s t r y o f c o l l o i d s , and i n 1921 B a n c r o f t p u b l i s h e d a l i s t 
of 200 r e s e a r c h p r o j e c t s i n c o l l o i d c h e m i s t r y f o r which v o l u n t e e r s 
were sought by the N a t i o n a l Research C o u n c i l ( 4 6 ) . T h i s committee 
p u b l i s h e d numerous monographs and arranged symposia on c o l l o i d 
c h e m i s t r y , and was t h e r e f o r e i n f l u e n t i a l i n the e s t a b l i s h m e n t o f 
an area o f r e s e a r c h w i t h i n p h y s i c a l c h e m i s t r y w i t h l a r g e i n d u s ­
t r i a l importance. 

In the s e l e c t i o n of p r o j e c t s f o r 1923 emphasis was p l a c e d on 
o b t a i n i n g s u g g e s t i o n s from ch e m i c a l companies f o r p r o j e c t s which 
were of fundamental s c i e n t i f i c importance and would t h e r e f o r e be 
of i n t e r e s t to academic c h e m i s t s . As chairman of the d i v i s i o n of 
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c h e m i s t r y and c h e m i c a l t e c h n o l o g y i n 1923, J . E. Z a n e t t i c o n s u l t e d 
i n d u s t r i a l c hemists and p u b l i s h e d a l i s t of 100 s e l e c t e d r e s e a r c h 
p r o j e c t s ( 4 7 ) . As chairman, Z a n e t t i m a i n t a i n e d a correspondence 
f i l e and a master l i s t o f problems on which he noted who had 
accepted the assignment of a problem (48) . Z a n e t t i a l s o had been 
f a m i l i a r w i t h p r o j e c t - r e s e a r c h i n the Chemical Warfare S e r v i c e , 
f o r as a l i a i s o n o f f i c e r d u r i n g the war he was r e s p o n s i b l e f o r 
the c o o r d i n a t i o n o f American and French r e s e a r c h on che m i c a l war­
f a r e . 

T h i s procedure of o b t a i n i n g problems f o r i n v e s t i g a t i o n from 
i n d u s t r y and matching them to v o l u n t e e r s i n c o l l e g e s and u n i v e r ­
s i t i e s was c o n t i n u e d by the n e x t chairman, James F. N o r r i s , who 
a l s o had served i n the Research D i v i s i o n of the Chemical Warfare 
S e r v i c e . In h i s f i n a l r e p o r t as chairman, i s s u e d A p r i l 15, 1925, 
N o r r i s d e s c r i b e d a new l i s t of problems t h a t was b e i n g compiled 
as a r e s u l t o f h i s r e c e n t v i s i t s to i n d u s t r i a l r e s e a r c h l a b o r a ­
t o r i e s ( 4 9 ) . The n e x t chairman, W i l l i a m J . H a l e , the d i r e c t o r o f 
o r g a n i c c h e m i c a l r e s e a r c h a t Dow Chemical Company, found the 
system of a s s i g n i n g problems t o academic chemists unworkable due 
to t h e i r l a c k o f f a m i l i a r i t y w i t h the methods of i n d u s t r i a l r e ­
s e a r c h , and he dropped t h i s program i n 1925 ( 5 0 ) . W i t h i n s e v e r a l 
committees of the d i v i s i o n the method of p r o j e c t - r e s e a r c h con­
t i n u e d . In p a r t i c u l a r t h i s method was used w i t h g r e a t success 
f o r the c o m p i l a t i o n of the I n t e r n a t i o n a l C r i t i c a l T ables of 
P h y s i c a l and Chemical Constants (51) . The use of p r o j e c t - r e s e a r c h 
can be a t t r i b u t e d p r i m a r i l y to the presence o f a l a r g e number of 
former c h e m i c a l w a r f a r e r e s e a r c h e r s who were a c t i v e i n the d i v i ­
s i o n of c h e m i s t r y and c h e m i c a l t e c h n o l o g y . During the p e r i o d 
from 1918 to 1929, of the n i n e men who served as chairmen, s i x had 
p a r t i c i p a t e d i n r e s e a r c h on ch e m i c a l w a r f a r e d u r i n g the war (John 
Johnston, W i l d e r D. B a n c r o f t , J . E. Z a n e t t i , James F. N o r r i s , 
W i l l i a m J . Hale and George H u l e t t ) , as had 20 of the 64 members 
of the d i v i s i o n d u r i n g t h i s p e r i o d . 

The way i n which the p a t t e r n of p r o j e c t - r e s e a r c h was c a r r i e d 
forward by the committees of the d i v i s i o n can be i l l u s t r a t e d by 
the work of one of the l a r g e s t of t h e s e , the committee on che m i c a l 
r e s e a r c h on m e d i c i n a l substances. T h i s committee was e s t a b l i s h e d 
i n 1923 and was c o n t i n u e d u n t i l 1926 w i t h Marston T. Bogert as 
chairman. As one of the o r i g i n a l members of Manning's committee 
on n o x i o u s gases, i t was Bogert who i n 1917 suggested the e s t a b ­
l i s h m e n t of branch l a b o r a t o r i e s to c a r r y out p r o j e c t - r e s e a r c h a t 
c o l l e g e s and u n i v e r s i t i e s . He subseq u e n t l y s e r v e d as c h i e f of 
the r e l a t i o n s s e c t i o n of the Chemical Warfare S e r v i c e , and i n t h a t 
r o l e he f a c i l i t a t e d c o o p e r a t i o n between the Chemical Warfare 
S e r v i c e and c o l l e g e s and u n i v e r s i t i e s ( 2 8 ) . The committee on 
che m i c a l r e s e a r c h on m e d i c i n a l substances was composed o f 14 
members who c o o r d i n a t e d the work of an a d d i t i o n a l 57 c o l l a b o r a t o r s 
a t t a c h e d t o 12 subcommittees a c c o r d i n g t o the type of compounds 
s t u d i e d . F i v e of these 14 members (Marston T. B o g e r t , Roger 
Adams, Tr e a t B. Johnson, W. Lee Lewis, and R. R. Renshaw) had 
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p a r t i c i p a t e d i n r e s e a r c h on che m i c a l w a r f a r e d u r i n g the war. The 
e x t e n s i v e work of t h i s committee r e s u l t e d i n the p u b l i c a t i o n o f 
144 separate papers on the s y n t h e s i s and t e s t i n g of compounds f o r 
p o s s i b l e m e d i c i n a l v a l u e ( 5 2 ) . 

The subcommittee on o r g a n i c a r s e n i c a l s i n c l u d e d W. Lee Le w i s , 
who had developed L e w i s i t e and was then an o r g a n i c chemist a t 
Northwestern U n i v e r s i t y , and A r t h u r S. Loevenhart, a pharmacolo­
g i s t a t the U n i v e r s i t y of W i s c o n s i n . Loevenhart had been c h i e f 
of p h a r m a c o l o g i c a l r e s e a r c h at the c e n t r a l l a b o r a t o r y of the 
Chemical Warfare S e r v i c e a t American U n i v e r s i t y . Loevenhart had 
been impressed by the c o o p e r a t i o n e s t a b l i s h e d between o r g a n i c 
chemists and ph a r m a c o l o g i s t s i n the sear c h f o r new agents of 
chemical w a r f a r e , and a f t e r the war he proposed to c o n t i n u e t h i s 
c o o p e r a t i o n i n a se a r c h f o r new drugs ( 5 3 ) . In 1918 Loevenhart 
and Lewis c o l l a b o r a t e d on a p r o j e c t to s y n t h e s i z e and t e s t the 
m e d i c i n a l v a l u e of o r g a n i c a r s e n i c a l s . T h e i r work was supported 
i n i t i a l l y by the U n i t e d S t a t e s I n t e r d e p a r t m e n t a l S o c i a l Hygiene 
Board and l a t e r by the P u b l i c H e a l t h I n s t i t u t e of Chicago ( 5 4 ) . 
T h e i r p r o j e c t was one of many s i m i l a r s t u d i e s which were i n c o r p o ­
r a t e d i n t o the work of the subcommittee on o r g a n i c a r s e n i c a l s i n 
1923. A r e p o r t i s s u e d by the subcommittee i n 1925 c o n t a i n e d a 
l i s t of r e s e a r c h p r o j e c t s and an i n v i t a t i o n f o r chemists and 
phar m a c o l o g i s t s to v o l u n t e e r t o study them ( 5 5 ) . 

The i d e a t h a t p r o j e c t - r e s e a r c h was w e l l s u i t e d t o the study 
of drugs a l s o was present i n the i n i t i a l p r o p o s a l i n 1918 f o r the 
est a b l i s h m e n t of the N a t i o n a l I n s t i t u t e of H e a l t h . C h a r l e s Holmes 
H e r t y 1 s e d i t o r i a l i n the J o u r n a l of I n d u s t r i a l and E n g i n e e r i n g 
Chemistry e n t i t l e d "War Chemistry and the A l l e v i a t i o n of S u f f e r ­
i n g , " p o i n t e d out t h a t the methods i n v o l v e d i n such s t u d i e s were 
i d e n t i c a l w i t h those used p r e v i o u s l y by the Research D i v i s i o n o f 
the Chemical Warfare S e r v i c e (.56) . ( For H e r t y ' s r o l e i n e s t a b ­
l i s h i n g an i n s t i t u t e f o r drug r e s e a r c h see John P a r a s c a n d o l a 1 s 
chapter i n t h i s volume.) A committee of the American Chemical 
S o c i e t y prepared a statement i n 1921 of t h e i r p l a n s and p o l i c i e s 
f o r a c h e m i c a l - m e d i c a l i n s t i t u t e . Four of the n i n e members of 
the committee (Raymond F. Bacon, Reid Hunt, T r e a t B. Johnson, and 
J u l i u s S t i e g l i t z ) had been a s s o c i a t e d w i t h the Research D i v i s i o n 
of the Chemical Warfare S e r v i c e . T h e i r r e p o r t commented on the 
p a t t e r n of s c i e n t i f i c r e s e a r c h employed i n the r e s e a r c h on war 
gases and recommended a s i m i l a r o r g a n i z a t i o n f o r the b a t t l e 
a g a i n s t d i s e a s e . The r e p o r t concluded w i t h the statement: 

Consequently i t i s proposed t h a t the a t t a c k be 
a c t u a l l y c o o p e r a t i v e , from the s e l e c t i o n of the 
problem and the f o r m u l a t i o n of the p l a n of work 
through the whole c o n c e n t r a t e d e f f o r t t o g r a p p l e 
w i t h Nature and u l t i m a t e l y t o conquer outpost 
a f t e r outpost o f the complex w o r l d of l i f e . May 
the day come when the l e s s o n o f the power of 
c o o p e r a t i v e s c i e n t i f i c endeavor, so e f f e c t i v e l y 
u t i l i z e d i n the Chemical Warfare S e r v i c e o r g a n i ­
z a t i o n , may be a p p l i e d w i t h e q u a l success t o the 
s o l u t i o n of the problems of d i s e a s e and h e a l t h ( 5 8 ) . 
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C o n c l u s i o n 

P r o j e c t - r e s e a r c h proved to be an e f f e c t i v e method of organ­
i z i n g r e s e a r c h on ch e m i c a l w a r f a r e d u r i n g World War I . I t s o l v e d 
a problem encountered e a r l y i n the U n i t e d S t a t e s p r e p a r a t i o n f o r 
ch e m i c a l w a r f a r e , t h a t of e f f i c i e n t l y c o o r d i n a t i n g the work of 
v o l u n t e e r chemists who were i s o l a t e d i n separa t e l a b o r a t o r i e s . 
L a t e r i n the war i t was co n t i n u e d more because i t enabled the 
examination of the c h e m i c a l , p h a r m a c o l o g i c a l , and t e c h n i c a l 
a s p ects of one problem to proceed s i m u l t a n e o u s l y i n s e v e r a l r e ­
sea r c h u n i t s . In t h i s way r e s u l t s were expected to be o b t a i n e d 
i n the s h o r t e s t p o s s i b l e time. 

I t i s suggested here t h a t t h i s e x p e r i e n c e l e f t i t s i m p r i n t 
not o n l y on the chemists and o t h e r s c i e n t i s t s i n v o l v e d , but a l s o 
on the i n s t i t u t i o n t h a t they shaped to o r g a n i z e chemical r e s e a r c h 
a f t e r the war. When the l e a d e r s of the d i v i s i o n o f c h e m i s t r y and 
chem i c a l technology of the N a t i o n a l Research C o u n c i l f a c e d i d e n ­
t i c a l problems i n the 1920s, they may w e l l have turned t o s o l u ­
t i o n s they had found to be s u c c e s s f u l d u r i n g World War I , y e t 
evidence g i v e n here f o r the i n f l u e n c e of the model of p r o j e c t -
r e s e a r c h i s l a r g e l y c i r c u m s t a n t i a l . Many of the l e a d e r s of 
American Chemistry i n the 1920s shared the common e x p e r i e n c e o f 
r e s e a r c h on che m i c a l w a r f a r e , and t h e i r methods of o r g a n i z i n g 
v o l u n t a r y work on r e s e a r c h p r o j e c t s i n c h e m i s t r y m i r r o r e d the 
wartime o r g a n i z a t i o n of the Chemical Warfare S e r v i c e . Only 
b i o g r a p h i c a l s t u d i e s o f these i n d i v i d u a l chemists can i l l u m i n a t e 
the d i r e c t i n f l u e n c e of the model of p r o j e c t - r e s e a r c h on t h e i r 
l a t e r c a r e e r s . In t h i s way the impact of the model on postwar 
c h e m i s t r y might be b e t t e r e s t a b l i s h e d , and the s i g n i f i c a n c e o f 
r e s e a r c h on chemical w a r f a r e f o r the development of c h e m i s t r y 
i n the U n i t e d S t a t e s might be demonstrated c o n c l u s i v e l y . 
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© 1983 American Chemical Society 

 P
ub

lic
at

io
n 

D
at

e:
 A

ug
us

t 2
3,

 1
98

4 
| d

oi
: 1

0.
10

21
/b

k-
19

84
-0

22
8.

ch
01

0

In Chemistry and Modern Society; Parascandola, J., el al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1984. 



188 CHEMISTRY AND MODERN SOCIETY 

Journal Publ icat ions and Occasional Papers 

Maple Sugar. A B i b l i o g r a p h y o f the E a r l y Records I I . (With 
H.A. S c h u e t t e ) . Trans. Wis. Acad. S c i . , A r t s , L e t t e r s , 38, 
89-184 (1946). 

The I n e v i t a b i l i t y o f S c i e n t i f i c D i s c o v e r y . S c i . Monthly, 67, 
427-29 (1948). 

Chemistry and the Spectrum b e f o r e Bunsen and K i r c h o f f . (With 
T i l l m o n H. P e a r s o n ) . J . Chem. E d u c , 28, 267-71 (1951). 

H i s t o r y o f Chemistry a t the U n i v e r s i t y o f W i s c o n s i n . I s i s , 42, 
308 (1951). 

The E a r l y Days o f Chemistry a t the U n i v e r s i t y o f W i s c o n s i n . 
(With H.A. S c h u e t t e ) . J . Chem. E d u c , 29, 65-72 (1952). 

The Duveen L i b r a r y . (With Samuel A. I v e s ) . I b i d . , 29, 244-47 
(1952). 

Edmund R u f f i n : S o i l Chemist o f the Old South. I b i d . , 29, 407-14 
(1952). 

B e g i n n i n g s of Chemical E d u c a t i o n i n B e l o i t , Lawrence and Ripon 
C o l l e g e s . (With Robert S i e g f r i e d ) . Trans. Wis. Acad. S c i . , 
A r t s , L e t t e r s , 42, 25-38 (1953). 

L e a r n i n g the S c i e n t i f i c Method Through the H i s t o r i c a l Approach. 
School S c i e n c e and Math, 53, 637-43 (1953). 

R e s p o n s i b i l i t y o f the S c i e n t i s t to S o c i e t y . S c i . Monthly, 77, 
244-49 (1953). 

Faraday's E l e c t r o c h e m i c a l Laws and the D e t e r m i n a t i o n o f 
E q u i v a l e n t Weights. (With Rosemary Gene E h l ) . J . Chem. E d u c , 
31, 226-32 (1954). 

Are There Rules f o r W r i t i n g H i s t o r y of Chemistry? S c i . Monthly, 
81, 183-86 (1955). 

Chemical I n d u s t r y i n E a r l y W i s c o n s i n . (With James W. Conners). 
Trans. Wis. Acad. S c i e n c e s , A r t , L e t t e r s , 44, 5-20 (1955). 

The P i l l a r s of Modern Chemistry. J . Chem. E d u c , 33, 107-10 (1956). 

Antecedents t o the B o y l e Concept of the Element. I b i d . , 33, 
548-51 (195M 

 P
ub

lic
at

io
n 

D
at

e:
 A

ug
us

t 2
3,

 1
98

4 
| d

oi
: 1

0.
10

21
/b

k-
19

84
-0

22
8.

ch
01

0

In Chemistry and Modern Society; Parascandola, J., el al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1984. 



APPENDIX 189 

The Development of S c i e n t i f i c Laboratories. Science Teacher, 23, 
325-27 (1956). 

Chemical Industry, 1780-1900. Cahiers d'histoire mondiale, 4, 
957-84 (1958). 

The Unraveling of Geometric Isomerism and Tautomerism. J . Chem. 
Educ, 36, 330-37 (1959). 

Commentary on the Papers of C y r i l Stanley Smith and Marie Boas. 
In Marshall Clagett, ed., C r i t i c a l Problems i n the History of 
Science, University of Wisconsin Press, Madison, 1959, pp. 519-
24. 

Biographical Sketches i n Dictionary of Wisconsin Biography, 
State H i s t o r i c a l Society of Wisconsin, Madison, 1960. William 
Willard Daniells, p. 94; John Eugene Davies, p. 97; George Calvin 
Humphrey, p. 182; Herman Ihde, p. 185; Franklin Hiram King, p. 
207; Edward Kremers, p. 213; Stephen Pearl Lathrop, p. 223. 

The Karlsruhe Congress: A Centennial Retrospect. J. Chem. Educ. 
38, 83-86 (1961). 

Jons Jacob Berzelius. Chapter 30 i n Great Chemists, E. Farber, 
éd., Interscience, New York, 1961, pp. 385-402. 

Michael Faraday. Chapter 35 in i b i d . , pp. 465-80. 

American Chemists at the Century's Turn. S.M. Babcock, Harvey 
Wiley, Ira Remsen, T.W. Richards, and Edgar Fahs Smith. Chapter 
58 in i b i d . , pp. 805-30. 

History of Food Standards. Wis. D i e t i t i a n , 24, no. 3, 5-6 (1962). 

Are the Liberal Arts Worth Saving i n a S c i e n t i f i c World? Wis. 
Acad. Rev., 10, 97-101, 139-43 (1963). 

Paracelsus - Genius or Charlatan? Sixth Annual Lecture Series 
in the Pharmaceutical Sciences, 1962-63. University of Texas, 
College of Pharmacy, Austin, 1963, pp. 4-12. Reprinted i n 
Texas J. Pharmacy, _5 (1964). Reprinted in AJI, The Physical 
Universe, 2nd edn., 1964, pp. 33-38, and subsequent editions. 

Serendipity (Quinine to 606). Ibid., pp. 13-23. Reprinted in 
Texas J. Pharmacy, _5 (1964). Reprinted i n Physical Universe, 
2nd edn., et seq. 

Molds, Sulfa, and Science. Ibid., pp. 24-36. Reprinted in 
Texas J. Pharmacy, _5 (1964). Reprinted i n Physical Universe, 
2nd edn., et. seq. 

 P
ub

lic
at

io
n 

D
at

e:
 A

ug
us

t 2
3,

 1
98

4 
| d

oi
: 1

0.
10

21
/b

k-
19

84
-0

22
8.

ch
01

0

In Chemistry and Modern Society; Parascandola, J., el al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1984. 



190 C H E M I S T R Y A N D M O D E R N SOCIETY 

Alchemy i n Reverse: Robert B o y l e on the D e g r a d a t i o n of G o l d . 
Chymia, 9, 47-57 (1964). 

La Chimie. Chapter XI i n H i s t o i r e Générale des S c i e n c e s , R. 
Taton, éd., v o l . 3, p a r t 2, Le X X e Siècle, P r e s s e s Univ. de 
Franc e , P a r i s , 1964, pp. 397-447. A l s o a v a i l a b l e i n t r a n s l a t i o n 
(see f o l l o w i n g i t e m ) . 

Chemistry. Chapter 10 i n H i s t o r y of S c i e n c e : volume 4, S c i e n c e 
i n the T w e n t i e t h Century, R. Taton, e d i t o r . T r a n s i , by A . J . 
Pomerans, B a s i c Books, New York, 1966, pp. 251-85. 

The S c i e n t i s t and the Modern World. Trans. Wis. Acad., S c i . , 
A r t s , L e t t e r s , 53, 1-7 (1964). P r e s i d e n t i a l Address to 
Wi s c o n s i n Academy. 

The B a s i c S c i e n c e s i n W i s c o n s i n . I b i d . , 54A, 33-41 (1965). 

Isomers and I s o m e r i z a t i o n . A r t i c l e i n "The E n c y c l o p e d i a of 
C h e m i s t r y , " George L. C l a r k , ed., 2nd edn., R e i n h o l d P u b l . Co., 
N.Y., 1966, pp. 570-72; 3rd edn., Van N o s t r a n d - R e i n h o l d , N.Y., 
1973, pp. 593-95. 

The Development of S t r a i n Theory. Advances i n Chemistry, 61, 
140-62 (1966). 

The H i s t o r y of Chemistry Program a t the U n i v e r s i t y of W i s c o n s i n . 
Badger Chemist, no. 14, 14-16 (1967). 

W. Sch n e i d e r ' s View of the Border Areas between the H i s t o r y o f 
Pharmacy and the H i s t o r y of Chemistry. A s e c t i o n i n 
P h a r m a c e u t i c a l H i s t o r i o g r a p h y , A l e x Berman, ed., Am. I n s t . H i s t . 
Pharmacy, Madison, 1967, pp. 33-38. 

P e s t and D i s e a s e C o n t r o l s . Chapter i n Technology and Western 
C i v i l i z a t i o n , v o l . I I , M e l v i n Kranzberg and C a r r o l l W. P u r s e l l , 
J r . , eds., Oxford U n i v e r s i t y P r e s s , New York, 1967, pp. 369-85. 

Free R a d i c a l s and Moses Gomberg's C o n t r i b u t i o n . Pure and A p p l i e d 
Chem., 15, 1-13 (1967); a l s o i n Free R a d i c a l s i n S o l u t i o n , 
B u t t e r w o r t h ' s , London, 1967, pp. 1-13. Condensed v e r s i o n i n 
Chem. Engr. News, 44, no. 41, 90-92 (Oct. 3, 1966). 

Chemical A n a l y s i s and the Growth of B i o c h e m i s t r y . A c t e s du XI 
Congres I n t e r n a t i o n a l d ' h i s t o i r e des S c i e n c e s , Warsaw-Cracow, 
24-31, Aug., 1965, 4, 143-47 (1968). 

Theodore W i l l i a m R i c h a r d s and the Atomic Weight Problem. S c i e n c e 
164, 647-51 (1969). 

 P
ub

lic
at

io
n 

D
at

e:
 A

ug
us

t 2
3,

 1
98

4 
| d

oi
: 1

0.
10

21
/b

k-
19

84
-0

22
8.

ch
01

0

In Chemistry and Modern Society; Parascandola, J., el al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1984. 



APPENDIX 191 

An I n q u i r y I n t o the O r i g i n s of H y b r i d S c i e n c e s : A s t r o p h y s i c s 
and B i o c h e m i s t r y . J . Chem. E d u c , 46, 193-96 (1969). Dexter 
Award Address. 

Foreward. The P e r i o d i c System of the Chemical Elements, A 
H i s t o r y of t h e F i r s t Hundred Y e a r s , by J.W. van Spronsen. 
E l s e v i e r , Amsterdam, 1969, pp. i x - x . 

H i s t o r y of the Pneumatic Trough. (With John P a r a s c a n d o l a ) . 
I s i s , 60, 351-61 (1969). 

A l d e r , K u r t . D i c t i o n a r y of S c i e n t i f i c B i ography, C C . G i l l e s p i e , 
ed., C h a r l e s S c r i b n e r ' s Sons, New York, 1, 105-6 (1970). 

Babcock, Stephen Moulton. I b i d . , 1, 356-57 (1970). 

J . Howard Mathews (1881-1970). Wis. Acad. Rev., 17 (4),15-16 
(1971). 

C o n f l i c t of Concepts i n E a r l y V i t a m i n S t u d i e s . (With S t a n l e y 
L. B e c k e r ) . J . H i s t . B i o l . , 4, 1-33 (1971). 

Elvehjem, Conrad A r n o l d . D i e t . S c i . B i o g . , 4, 357-59 (1971). 

E u l e r - C h e l p i n , Hans K a r l August Simon von. I b i d . , 4̂ , 485-86 
(1971). 

The H i s t o r y o f N u t r i t i o n i n the l a t e N i n e t e e n t h and T w e n t i e t h 
C e n t u r i e s . P r o c Conf. on H i s t , of Biochem. and Molec. B i o l . , 
May 21-23, 1970, Bost o n , Amer. Acad. Arts'& S c i e n c e s , pp. 150-4. 

Stephen Moulton Babcock — Benevolent S k e p t i c . P e r s p e c t i v e s i n 
the H i s t o r y of S c i e n c e and Technology, Duane H.D. R o l l e r , ed., 
U. of Oklahoma P r e s s , Norman, 1971, pp. 271-82. 

L e t ' s Teach H i s t o r y of Chemistry t o Chemists! J . Chem. E d u c , 
48, 686-87 (1971). 

H i s t o r y of Chemistry a t the U n i v e r s i t y o f W i s c o n s i n . Teaching 
the H i s t o r y of Chemistry, A Symposium, Geo. B. Kauffman, ed., 
A k a d e m i i e i K i a d i , Budapest, 1971, pp. 171-78. 

Funk, C a s i m i r . D i e t . S c i . B i o g . , 5.» 208-9 (1972). 

Gomberg, Moses. I b i d . , _5» 464-66 (1972). 

Harden, A r t h u r . I b i d . , j>, 11-12 (1972). 

H a r t , Edwin B r e t . I b i d . , 6, 135-36 (1972). 

 P
ub

lic
at

io
n 

D
at

e:
 A

ug
us

t 2
3,

 1
98

4 
| d

oi
: 1

0.
10

21
/b

k-
19

84
-0

22
8.

ch
01

0

In Chemistry and Modern Society; Parascandola, J., el al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1984. 



192 C H E M I S T R Y A N D M O D E R N SOCIETY 

Baekeland, Leo Hendrik. D i c t i o n a r y of American Biography, 
Supplement 3, 1941-45, C h a r l e s S c r i b n e r ' s Sons, New York, 1973, 
pp. 25-27. 

C h i t t e n d e n , R u s s e l l Henry. I b i d . , pp. 162-64. 

Schoenheimer, R u d o l f . I b i d . , pp. 693-94. 

Gor t n e r , Ross A i k e n . I b i d . , pp. 314-15. 

Kahlenberg, L o u i s A l b r e c h t . D i e t . S c i . B i o g . , 7, 208-09 (1973). 

Levene, Phoebus Aaron Theodor. I b i d . , 8, 275-76 (1973). 

F i s c h e r , B n i l . B i o g r a p h i c E n c y c l o p e d i a of S c i e n t i s t s and 
I n v e n t o r s , E d i z i o n i S c i e n t i f i c h e e Techniche, Mondadori,^Milan, 
1974. 

Funk, Kazmierz. I b i d . 

P e t t e n k o f e r , Max Joseph. I b i d . 

A n a l y t i c a l Chemistry and the E f f e c t i v e n e s s of Food Laws. 
J . Chem. E d u c , 51, 295-97 (1974). 

S t u d i e s on the H i s t o r y of R i c k e t s . I . R e c o g n i t i o n of R i c k e t s 
as a D e f i c i e n c y D i s e a s e . Pharmacy i n H i s t o r y , 16, 83-88 (1974). 

P a u l i n g , L i n u s . E n c y c l o p e d i a B r i t a n n i c a , 15th edn., 1974, 
pp. 1094-95 i n the Macropedia. 

E a r l y American S t u d i e s on R e s p i r a t i o n C a l o r i m e t r y . (With J e r r y F. 
Jans s e n ) . M o l e c u l a r and C e l l u l a r B i o c h e m i s t r y , 59 11-16 (1974). 

A d k i n s , Homer Bu r t o n . D i e t . Am. B i o g . , Supplement 4, 1946-50, 

1974, pp. 5-7. 

Gomberg, Moses. I b i d . , pp. 335-37. 

Koch, Fred Conrad. I b i d . , pp. 459-61. 
S t u d i e s on the H i s t o r y of R i c k e t s . I I . The R o l e s of Cod L i v e r 
O i l and L i g h t . Pharmacy i n H i s t o r y , 17, 13-20 (1975). 

Element!. E n c i c l o p e d i a d e l l a C h i m i c a , E d i c i o n i S c i e n t i f i c h e , 
1975, U t e t Sanson! E d i z i o n i S c i e n t i f i c h e , F l o r e n c e , pp. 579-84. 

Atomic Weight D e t e r m i n a t i o n s . D i c t i o n a r y of American H i s t o r y , 
Rev. Edn., C h a r l e s S c r i b n e r ' s Sons, New York, 1976, pp. 218-19. 

 P
ub

lic
at

io
n 

D
at

e:
 A

ug
us

t 2
3,

 1
98

4 
| d

oi
: 1

0.
10

21
/b

k-
19

84
-0

22
8.

ch
01

0

In Chemistry and Modern Society; Parascandola, J., el al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1984. 



APPENDIX 193 

B i o c h e m i s t r y , I b i d . , pp. 302-4. 

F e r t i l i z e r s , I b i d . , pp. 16-17. 

European T r a d i t i o n i n N i n e t e e n t h Century American Chemistry. 
J . Chem. E d u c , 53, 741-44 (1976). 

Man's H i s t o r i c A t t i t u d e Toward t h e Environment. Trans. Wis. 
Acad. S c i . , A r t s , L e t t e r s , 64, 223-33 (1976). 

A d k i n s , Homer Bur t o n . American Chemists and Chemical Engineers 
Wyndham D. M i l e s , ed., Am. Chem. S o c , Washington, 1976, pp. 
5-7. 

Babcock, Stephen Moulton. I b i d . , pp. 14-15. 

Burgess, C h a r l e s F r e d e r i c k . I b i d . , pp. 54-55. 

D a n i e l s , F a r r i n g t o n . I b i d . , pp. 110-12. 

Elvehjem, Conrad A r n o l d . I b i d . , pp. 143-44. 

Kahlenberg, L o u i s A l b r e c h t . I b i d . , pp. 259-60. 

Mathews, Joseph Howard. I b i d . , pp. 319-20. 

R u f f i n , Edmund. I b i d . , p. 420. 

W i l e y , Harvey Washington. D i e t . S c i . B i o g . , 14, 357-58 (1976). 

W i l l i a m s , Robert Runnels. I b i d . , 14, 392-94 (1976). 

B a n c r o f t , W i l d e r Dwight. D i e t . Am. B i o g . , Supplement 5, 1977, 
pp. 35-37. 

Hudson, Claude S i l b e r t . I b i d . , pp. 327-28. 

Edward Me l l a n b y and the A n t i r a c h i t i c F a c t o r . (With John 
P a r a s c a n d o l a ) . B u l l . H i s t . Med., 51, 507-15 (1977). 

Chemistry i n the Old Northwest. Ohio J . S c i . , 78, 59-69 (1978). 

L o u i s Kahlenberg's O p p o s i t i o n to the Theory of E l e c t r o l y t i c 
D i s s o c i a t i o n . P r o c . Symposium on S e l e c t e d T o p i c s i n the 
H i s t o r y of E l e c t r o c h e m i s t r y , Geo. D u b p e r n e l l and J.H. Westbrook, 
eds. ( P r o c . v o l . 78-6, 1978, The Electrochem. S o c i e t y , 
P r i n c e t o n , N.J.),pp. 299-312. 

A Badger Chemist Genealogy: The F a c u l t y a t the U n i v e r s i t y o f 
W i s c o n s i n . (With A l a n J . Rocke). J . Chem. E d u c , 56,93-5 (1979). 

 P
ub

lic
at

io
n 

D
at

e:
 A

ug
us

t 2
3,

 1
98

4 
| d

oi
: 1

0.
10

21
/b

k-
19

84
-0

22
8.

ch
01

0

In Chemistry and Modern Society; Parascandola, J., el al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1984. 



C H E M I S T R Y A N D M O D E R N SOCIETY 

L i n u s P a u l i n g . E n c i c l o p e d i a U n i v e r s a l e Unedi - D i z i o n a r i o 
E n c i c l o p e d i c o , Casa E d i t r i c e SCODE, M i l a n , 1979, v o l . 10, 
p. 497. 

Harry Steenbock - Student and Humanist. Wis. Acad. Rev., 26 
(1 ) , 15-17 (1979). 

Kirkwood, John Gamble. D i e t . Amer. B i o g . , Supplement 6, 1956-
60, 1980, pp. 345-46. 

S t e r n , K u r t Guenter, I b i d . , pp. 595-96. 

Chemistry i s a Human E n t e r p r i s e . J . Chem. Educ., 57, 11-12 
(1980). R e p r i n t e d i n Source Book f o r Chem. Teachers, W.T. 
L i p p i n c o t t , ed., D i v . Chem. E d u c , Am. Chem. S o c , Washington, 
1981, Ch. 5, " H i s t o r i c a l P i e c e s and Anecdotes", A.T. Schwartz 
and L o i s Fruen, eds., pp. 53-5. 

Ro b e r t s , L y d i a Jane. N o t a b l e American Women, The Modern 
P e r i o d , B a r b a r a Sicherman, e t a l , eds., Belknap P r e s s , Harvard 
U. P r e s s , Cambridge, 1980, pp. 580-81. 

The H i s t o r y o f Acid-Base Theory. Audio Tape and Manual. ACS 
Audio Courses, H i s t , o f Chem. S e r i e s , Am. Chem. S o c , 
Washington, 1980, 42 pp., manual, 52 min. tape. 

Elvehjem, Conrad A. D i e t . Amer. B i o g . , Supplement 7, 1961-65, 
1981, pp. 223-4. 

Chemistry a t the U n i v e r s i t y of Wisconsin-Madison 1848-1980. 
Trans. Wis. Acad. S c i . , A r t s , L e t t e r s , 69, 135-52 (1982). 

Dexter Award: S i l v e r A n n i v e r s a r y . I s i s , 73, 268-70 (1982). 

Food C o n t r o l s Under the 1906 A c t . The E a r l y Years of F e d e r a l 
Food and Drug C o n t r o l , J.H. Young, ed., Am. I n s t . H i s t . 
Pharmacy, Madison, 1982, pp. 40-50 

R E C E I V E D March 18, 1983 

 P
ub

lic
at

io
n 

D
at

e:
 A

ug
us

t 2
3,

 1
98

4 
| d

oi
: 1

0.
10

21
/b

k-
19

84
-0

22
8.

ch
01

0

In Chemistry and Modern Society; Parascandola, J., el al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1984. 



INDEX 

A 
Accreditation, standardization of 

chemical engineering curricula... 44 
Adamsite, chemical warfare research 

during WWI 177 
Allen, E . T., early experimental 

study of rock formation 12 
America 

chemical industries, WWI 48 
chemical warfare at start of WWI.. 168 
synthetic petroleum industry 28-32 

American Chemical Society and 
C. H. Herty 87 

American Medical Association 
Elixir Sulfanilamide scandal 109 
opposition to development 

of national drug 
research institute 90-95 

Analgesics, first synthetic drugs de­
veloped in Germany 86 

Anesthetics, first synthetic drugs de­
veloped in Germany 86 

Animal feeding experiments, vitamin 
research by Osborne and 
Mendel 65 

Ansell, James R., 
and the development 
of cooperative research 165-81 

Antipyretics, first synthetic drugs 
developed in Germany 86 

Armsby, Henry Prentiss, and the de­
velopment of cooperative 
research 167 

Arny, H . V., opposition to develop­
ment of national drug research 
institute 92-93 

Arrhenius's theory of electrolytic 
dissociation related to magmas .. 9 

Arsenic compounds, chemical war­
fare research during WWI 172 

Artificial silk, development after 
WWII 50 

Ashland Synthetic Fuels, coal hydro­
génation project 33 

Β 

Bacterial infections, early search for 
effective treatment 106 

Bancroft, Wilder D. 
chemical warfare research during 

WWI 174 
and the National Research Council 179 

Barker, Lewellys, opposition to uric 
acid theory 158 

Beal, George, opposition to develop­
ment of national drug research 
institute 93-94 

Becker, George F., early experi­
mental study of rock formation.. 12 

Bergius, Friedrich, and early coal 
hydrogénation research 22-26 

Bituminous coal, yield of synthetic 
petroleum 23 

Bliss, Chester I., acute and chronic 
toxicity studies in 1930s 118 

Blood chemistry, related to uric acid 
free diet 158 

Board of Food and Drug Inspection, 
established in 1907 130 

Bosch, Karl, and German nitrate 
shortage during WWI 24 

Bowen, N. L . , theory of the evolu­
tion of igneous rocks 14 

Britain, first use of chemical warfare 169 
British Bergius Syndicate, coal hy­

drogénation research 25 
British Intelligence Objectives Sub­

committee, petroleum research 
information in Germany post-
WWII 29 

Brown coal, yield of synthetic 
petroleum 23 

Bull, Willard, and coal hydrogéna­
tion research 31 

Bureau of Mines, chemical warfare 
research during WWI 169 

Burrell, George Α., chemical warfare 
research during WWI 170 

Calvery, Herbert E . , acute and 
chronic toxicity studies in 1930s 118 

Campbell, Walter G., and Elixir Sul­
fanilamide scandal 116 

Camphor, use development after 
WWII 50 

Carnegie Institution 
development of geochemistry 2 
project research development 167 

Catalysts, use in coal hydrogéna­
tion 26, 34 

Catholic University, chemical war­
fare research during WWI 172 

Celluloid, development after WWII.. 50 

197 

 P
ub

lic
at

io
n 

D
at

e:
 A

ug
us

t 2
3,

 1
98

4 
| d

oi
: 1

0.
10

21
/b

k-
19

84
-0

22
8.

ix
00

1

In Chemistry and Modern Society; Parascandola, J., el al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1984. 



198 CHEMISTRY A N D MODERN SOCIETY 

Central Experimental Station, 
Bureau of Mines in 1936 30 

Certified food colors 
commercial development by 

Kohnstamm 138 
initial market response 140 
initial procedures for certification.. 135 

Chemical agents 
chemical warfare research 174 
disease treatment and the influ­

ence of C. H. Herty 88 
Chemical conversion, first use of 

term in chemical engineering 56 
Chemical engineering 

effect of WWI 49 
physical and chemical dimen­
sions 46, 47 

Chemical industry, attitudes toward 
food and drug regulation 134-37 

Chemical processes, chemical engi­
neering dimensions 46 

Chemical warfare research 
during WWI 165-81 
transferred to military control 173 
various laboratories involved 

during WWI 171 
Chemical Warfare Service, WWI ..88, 173 
Chemistry 

development of new specialties 1 
early relationship to geology 3 
impact on early nutrition 147, 148 
influence of C. H. Herty 87 

Chemomedical research, early in­
terest in development 96 

Chemotherapeutic agent, first syn­
thetic drugs developed in 
Germany 86 

Chilton, T. H . , chemical engineering 
dimensions 46 

Cinchophen, hazardous drug devel­
oped by H. C. Watkins 112 

Clarke, Ε W., early experimental 
study of rock formation 12 

Clement, J. K. , early experimental 
study of rock formation 12 

Clinical pathology, and uric acid free 
diet 151 

Coal conversion, high sulfur 32 
Coal derived petroleum, manufac­

turing cost, 1952 30 
Coal hydrogénation 

Bureau of Mines unit in 1950 30 
early research 22-23 
in Germany 1944 28 
high pressure for production of 

synthetic petroleum 21 
recent development in U.S 31-35 
two-stage plant, 1920s 26 

Coal liquefaction process developed 
by Bersius in the 1900s 23 

Coal tar dyes, late 1850s 127 
Colebrook, Leonard, use of sulfanil­

amide for treatment of bacterial 
infection 106 

Collaemia, Alexander Haig uric acid 
nutrition theory 151 

Color Additive Amendment, manda­
tory food color certification 144 

Combined Intelligence Objectives 
Subcommittee, petroleum re­
search information in post-
WWII Germany 29 

Committee on the Institute for Drug 
Research, February 1919 89 

Conant, James B., and chemical 
warfare research during WWI.... 175 

Cross, Charles Whitman, early de­
velopment of geochemistry 6 

Curtis, Harvey, support for che­
momedical research 97 

D 

Daly, R. Α., early development of 
geochemistry 6 

Day, Arthur Louis 
early experimental study of rock 

formation 12 
and the Geophysical Laboratory ... 13 

Dichlorodiethyl sulfide, first incident 
of chemical warfare 169 

Dietetics, impact of chemistry on 
nutrition 148 

Diethylene glycol 
impact on drug regulation reform .. 105 
as toxic ingredient in Elixir 

Sulfanilamide 108, 109 
Differentiation in magmas prior to 

crystallization 9 
Disease, uric acid as cause 150-53 
Distillate fuel oil, SRC-II demonstra­

tion plant 33 
Division of Pharmacology, FDA in 

1935 118 
Domask, Gehradt, effective treat­

ment for bacterial infections 106 
Drug manufacturers, attitudes to­

ward regulation in early 1900s ... 112 
Drug regulations, impact of Elixir 

Sulfanilamide scandal 105 
Drug research 

history of development of national 
institute 85 

impact of elixir sulfanilamide 
scandal 117-19 

opposition to development of na­
tional institute 90-95 

Durocher, J., study of similarities be­
tween magmas and alloys 5 

Dutcher, R. Α., and vitamin research 73 

 P
ub

lic
at

io
n 

D
at

e:
 A

ug
us

t 2
3,

 1
98

4 
| d

oi
: 1

0.
10

21
/b

k-
19

84
-0

22
8.

ix
00

1

In Chemistry and Modern Society; Parascandola, J., el al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1984. 



INDEX 199 

Dye industry 
and R. N. Shreve 49 
and R H. Groggins 49-51 

Ε 

Economics, effect on coal hydrogén­
ation research in U.S 31 

Ehrlich, Paul, development of first 
synthetic drugs in Germany 86 

Elixir Sulfanilamide 
deaths related to use 109, 110, 115 
development by Harold Cole 

Watkins 108 
impact on food and drug law .... 119-22 
impact upon scientific research 117 

Energy consumption, history 21-22 
Erysipelas, use of sulfanilamide for 

treatment of bacterial infection .. 106 
Esterification processes, develop­

ment after WWII 52 
Ethane in water gas reaction 25 
Exogenous growth hormones, term 

used by F. G. Hopkins 69 
Exxon Donor Solvent Process 

(EDS), synthetic petroleum 34 

F 

Fertility, effect of uric acid free diet.. 157 
Field Intelligence Agency, Technical 

(FIAT), petroleum research in­
formation in post-WWII 
Germany 29 

Fieldner, Arno C , Bureau of Mines, 
Synthetic Liquid Fuels Division 29 

Fischer-Tropsch unit 
Germany in 1944 28 
Bureau of Mines in 1950 30 

Fishbein, Morris, Elixir Sulfanil­
amide scandal 109 

Flow zone, rock deformation 11 
Food colors, development of 

standards in early 1900s 129-43 
Food and Drug Administration 

impact of Elixir Sulfanilamide 
crisis 115, 118 

role in the Elixir Sulfanilamide 
scandal 110-112 

search for supplies of Elixir Sul-
filamide 113 

Food and drug law 
impact of Elixir Sulfanilamide 

scandal 119-22 
synthetic food color regula­

tion 127-43 
Fracture zone, rock deformation 11 
Frankel, Sigmund, toxicological eval­

uation of food colors 130 
Fuel agreement, Germany in 1933 .... 27 

Funk, Casimir, events in the history 
of vitamin discovery ....61, 62, 64, 81 

G 

Garrod, Alfred, theory of uric acid 
as cause of gout 149 

Garvan, Francis, and financial assis­
tance for national drug research 
institute 94 

Gas absorbent, chemical warfare 
research 174 

Gas masks, chemical warfare re­
search during WWI 172 

Gas poisoning, study of medical 
effects 172 

Gas warfare, start of WWI 168 
Geochemistry in America, 

1890-1915 1-14 
Geologists, first use of physical 

chemistry 6 
Geology, early relationship to 

chemistry 3 
Geophysical Laboratory 

Carnegie Institution of Washington 
in 1907 13 

influence on geochemical research 
and training 14 

German food dyes, manufacturers' 
resistance to regulation 136 

Germany 
first use of chemical warfare 169 
synthetic drug industry in WWI.... 86 
synthetic petroleum research and 

development 22-28 
Glycols, early industrial uses 108 
Groggins, P. H. 

and chemical engineering around 
WWI 48 

growth of the U.S. organic dye in­
dustry 49-51 

Gulf Oil Corporation, hydrogenated 
high-sulfur bituminous coal 32 

Gynecology, effects of uric acid free 
diet 157 

H 

H-Coal Project, synthetic petroleum 
capacity 34 

Haber, Fritz, and high-pressure coal 
hydrogénation research 23 

Haig, Alexander, uric acid theory of 
nutrition 149-56 

Haig, Kenneth, uric acid theory of 
nutrition 156 

Hale, George Ellery, and the devel­
opment of cooperative 
research 165-81 

 P
ub

lic
at

io
n 

D
at

e:
 A

ug
us

t 2
3,

 1
98

4 
| d

oi
: 1

0.
10

21
/b

k-
19

84
-0

22
8.

ix
00

1

In Chemistry and Modern Society; Parascandola, J., el al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1984. 



200 CHEMISTRY A N D MODERN SOCIETY 

Hale, William J., and the National 
Research Council 180 

Henderson, Yandell, and chemical 
warfare research during WWI.... 172 

Herty, Charles Holmes 
development of drug research 

institute 85 
development of cooperative 

research 181 
Hesse, Bernhard C. 

detection, separation, and identifi­
cation of coal-tar colors in 
foods 143 

development of food color 
legislation 128 

Heterogeneous equilibria, late 1880s 5 
Hillebrand, W. R, early experimental 

study of rock formation 12 
Hitler, Adolf, effect on Germany's 

synthetic petroleum industry 27 
Hopkins, Frederick Gowland 

dietary research in 1912 74-78 
early nutrition research ....62, 63, 65, 71 
events in the history of vitamin 

discovery 61, 67, 77 
Hullet, George Α., and chemical 

warfare research during WWI.... 172 
Hutchinson, Woods, opposition to 

uric acid nutrition theory 158 
Hydrocarbon Research, Inc., coal 

hydrogénation project 33 
Hydrogénation gas, iron-superheated 

water reaction 25 
Hypnotics, first synthetic drugs de­

veloped in Germany 86 

I 
I. G. Farben Coal, coal hydrogéna­

tion process 25-27 
Iddings, Joseph Paxton, early devel­

opment of geochemistry 6, 10 
Igneous rocks, J. P. Iddings studies 

on crystallization 8 
Ihde, Aaron J., list of historical pub­

lications 187-94 
Industrial research, related to the 

growth of geochemistry 14 
Institute for Drug Research, recom­

mendations for development 89 
International Bergius Company, coal 

hydrogénation research 25 
Ittner, Martin W., definition of chem­

ical engineering dimensions 47 

Johns Hopkins University, chemical 
warfare research during WWI.... 171 

Johnston, John, and the National 
Research Council 178 

Κ 

Key, J. B., and chemical engineering 
around WWI 48 

Keyes, D. B., role in development of 
chemical engineering 51, 52 

Kohnstamm, E. G. and the 
commercial development of 

certified food colors 134, 138 
Kremers, Edward, opposition to de­

velopment of national drug re­
search institute 92-93 

Laboratories, various, chemical war­
fare research during WWI 171 

Lacquers, development after WWII.. 50 
Leech, Paul Nicholas, opposition to 

development of national institute 
for drug research 90-95 

Lewis, W. K. , standardization of 
chemical engineering curricula... 44 

Lewis, W. Lee 
chemical warfare research during 

WWI 176 
medicinal value of organic 

arsenicals 181 
Lewisite, chemical warfare research 

during WWI 176 
Lieber, Hugo, toxicological evalua­

tion of food colors 130 
Lignite, yield of synthetic petroleum 23 
Liquid fuels, synthetic, early 

legislation 30 
Little, A. D., teaching of chemical 

engineering 43 
Livens projector, first use in chem­

ical warfare 169 
Loevenhart, Arthur S., medicinal 

value of organic arsenicals 181 

M 

Macleod, J. J. R., opposition to uric 
acid theory 158 

Magmas, early studies 6-9 
Manufacturing processes, chemical 

warfare research 174 
Martius yellow, toxic contamination 

in naphthol yellow 138, 139 
Massengill, Samuel Evans, role in 

the Elixir Sulfanilamide 
scandal 110-12, 115-17 

McAdams, W. H . , standardization of 
chemical engineering curricula... 44 

McCollum, Ε. V. and events 
events in the history of vitamin 
discovery 61 

Medical effects of gas poisoning 172 

 P
ub

lic
at

io
n 

D
at

e:
 A

ug
us

t 2
3,

 1
98

4 
| d

oi
: 1

0.
10

21
/b

k-
19

84
-0

22
8.

ix
00

1

In Chemistry and Modern Society; Parascandola, J., el al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1984. 



INDEX 201 

Medical Research Committee, nutri­
tion research development 69 

Medicinal chemistry 
and C. H. Herty 88 
importance of research defined in 

1930 98 
Mendel, Lafayette B. 

controversy over vitamin research 
diets 65, 71, 77 

early nutrition research 63 
nutrition research during WWI 70 
opposition to uric acid theory 158 

Metallic sulfides, coal hydrogénation 
research 26 

Metamorphism, ore deposition 10 
Methane in water gas reaction 25 
Microbic invasion, Alexander Haig 

uric acid nutrition theory 151 
Milk 

early debate over quantity neces­
sary for good nutrition 70-74 

history of vitamin discovery 61-82 
Milk supplements 

effect on rat growth, Hopkins 75 
effect on rat growth, Osborne and 

Mendel 78-80 
Millikan, Robert Α., and the 

development of cooperative 
research 165-81 

Mittasch, Alwin, German nitrate 
shortage during WWI 24 

Molecular diffusion, and C. Soret 9 
Morgantown, West Virginia, SRC-II 

demonstration plant 33 
Mustard gas 

development of synthesis method.. 175 
first use in chemical warfare 169 
protection from 172 

Ν 

Naphtha, SRC-II demonstration 
plant 33 

National Institutes of Health 
and C. H. Herty 98 
history of development 86 

National Research Council 
formation 165 
policy after WWI 179 

Neher, Fred, chemical warfare re­
search during WWI 172 

Nernst, Walter, high-pressure coal 
hydrogénation research 23 

Neville, Α., nutrition research using 
hot alcohol milk extractions 67 

Nicotinic acid, pellagra cure/ 
preventive 64 

Nieuwland, Julius Arthur, chemical 
warfare research during WWI.... 176 

Nitrate shortage in Germany during 
WWI 24 

Norris, James F. 
chemical warfare research during 

WWI 173 
and the National Research 

Council 180 
Noxious gases, chemical warfare re­

search during WWI 170 
Nutrition 

discussion of various fads since 
1830s 147-49 

early research 65-82 

Ο 
Office of Petroleum Coordinator for 

National Defense 28 
Olive, Theodore R., taxonomy of 

unit operations 53 
Osborne, Thomas B. 

events in the history of vitamin 
discovery 61, 65, 71, 77 

early nutrition research 63, 70 

Ρ 

Pathological effects, uric acid 147 
Pellagra, first development of cure/ 

preventive 64 
Petrogenesis, at the Geophysical 

Laboratory 14 
Petrography, early relationship to 

chemistry 4, 7 
Petroleum Administration for War, 

WWII 28 
Petroleum boiler fuels, Gulf Oil 

Company research 32 
Petroleum research, in Germany 

from WWI to WWII 22-29 
Pharmaceutical manufacturers 

attitudes toward 
regulation in early 
1900s 112 

and development of food and drug 
laws 120-22 

impact of Elixir Sulfanilamide 
scandal 105 

opposition to development 
of national drug 
research institute 92-93 

Pharmacology, importance of re­
search defined in 1930 98 

Phenacetin, first synthetic drugs de­
veloped in Germany 86 

Physical chemistry 
conceptual developments of the 

1880s 5 
effect on geology 4-6 

Physicochemical study of rock for­
mation, Carnegie Institution 13 

Pier, Matthias, and two-stage coal 
hydrogénation 26 

 P
ub

lic
at

io
n 

D
at

e:
 A

ug
us

t 2
3,

 1
98

4 
| d

oi
: 1

0.
10

21
/b

k-
19

84
-0

22
8.

ix
00

1

In Chemistry and Modern Society; Parascandola, J., el al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1984. 



202 CHEMISTRY A N D MODERN SOCIETY 

Pirsson, Louis V., early development 
of geochemistry 6 

Plagioclase feldspars, first study of 
cooling silicate melts.... 13 

Princeton University, chemical war­
fare research during WWI 172 

Project-research 
during WWI 165-81 
extension to peacetime efforts . 177-81 

Prontosil, effective treatment for 
bacterial infections 106 

Protein-free milk, early nutrition re­
search by Osborne and Mendel.. 66 

Pyroxylins, development after WWI 50 

R 

Ransdell, Joseph, institute for 
chemomedical research 96 

Reid, E . Emmet, chemical warfare 
research during WWI ... 171, 174, 177 

Resins, development after WWII 50 
Robert Bunsen, observation on 

magmas 4 
Rock deformation, theory by Charles 

R. Van Hise 11 
Rockefeller Institute, project re­

search development 167 
Roosevelt, Franklin D., Jr., sulfanil­

amide treatment for strepto­
coccal infection 107 

Rubber industries, and Adolf Hitler.. 27 

S 

S. Ε. Massengill Company, role in 
the Elixir Sulfanilamide 
scandal 110-112 

Salvarsan, first synthetic drugs de­
veloped in Germany 86 

Schoelkopf, Hartford, and Hanna, 
commercial preparation of certi­
fied food dyes 139 

Schonbein, C. F , history of 
geochemistry 3 

Schroeder, William C , petroleum re­
search information in post-
WWII Germany 29 

Shepherd, E . S., early experimental 
study of rock formation 12 

Sheppard, Morris, support for che­
momedical research 97 

Shreve, R. N. 
chemical engineering around 

WWI 48 
growth of the U.S. dye industry.... 49 
unit processes symposia 45 

Solutions, early observations of be­
havior and properties 5 

Solvent Refined Coal process 
(SRC) 31-33 

Sorby, H. Clifton, microscopic study 
of rocks 4 

Soret, C , molecular diffusion 9 
Specialization, development of new 

chemistry fields 1 
Spencer Chemical Company, coal 

hydrogénation research 31 
Stammers, A. D., early nutrition 

research 73 
Stewart, Francis E . , opposition to 

development of national drug 
research institute 93-94 

Streptococcal infection, use of sulfa­
nilamide for treatment 106 

Sulfanilamide 
early use in disease treatment ..106, 107 
impact on drug regulation reform .. 105 

Synthetic petroleum 
hydrogénation of natural coals by 

Bersius 23 
initial operating difficulties 24 
production in U.S. in 1900s 29 

Tariff legislation, American dye in­
dustry after WWI 90 

Taylor, Frank, possibilities of drug 
research 90 

Tear gas, chemical warfare research 
during WWI 177 

Technical Oil Mission, petroleum re­
search information in Germany 
post-WWII 29 

Toxicology 
chemical warfare research 172, 174 
evaluation of early sources for 

food colors 130-32, 136 
impact of Elixir Sulfanilamide 

scandal 105, 108, 118, 119 
Trace nutrients, first indication of 

nutritional importance 68 
Transport processes, first use of 

term in chemical engineering 57 
Treatise on Metamorphism, by 

Charles R. Van Hise 10 
Turpentine, collection method devel­

opment by C. H. Herty 87 

U 

Unit operations and developments 
in chemical engineering 43-59 

Unit processes and developments 
in chemical engineering 43-59 

 P
ub

lic
at

io
n 

D
at

e:
 A

ug
us

t 2
3,

 1
98

4 
| d

oi
: 1

0.
10

21
/b

k-
19

84
-0

22
8.

ix
00

1

In Chemistry and Modern Society; Parascandola, J., el al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1984. 



INDEX 203 

University of Wisconsin, chemical 
warfare research during WWI.... 172 

Uric acid 
Alexander Haig nutrition 

theory 150-53 
attitudes of medical profession ...157-59 
deviant dietetics 147 
as metabolic end-product 149 
precipitates 151 
therapeutics 160 

Urinary calculi, presence of uric 
acid 149 

U.S. Geological Survey 
early development of 

geochemistry 2, 7 
a first combination of chemistry 

and physics 12 

V 
Van Hise, Charles R., early develop­

ment of geochemistry 7, 10-12 
van't Hoff s theory of osmotic pres­

sure related to magmas 9 
Vapor phase, two-stage coal 

hydrogénation 26 
Vegetarianism 

impact of chemistry on nutrition ... 148 
related to uric-acid-free diet 155 

Vesicant, chemical warfare 176 
Vitamins 

history of discovery 61-82 
nutrition research end of WWI 70 

Vitamin A 
possible sources in early nutrition 

research 76, 77 
significance in milk 71 

Volcanic rocks, studies by Joseph 
Paxton Iddings 8 

Voluntary certification, principle first 
established for food colors 142 

W 

Walker, W. H . , standardization of 
chemical engineering curricula... 44 

Washington, Henry S., early devel­
opment of geochemistry 6 

Water, effect on rock deformation .... 11 
Water gas reaction, by Bergius using 

methane and ethane 25 
Watkins, Harold Cole, and the Elixir 

Sulfanilamide scandal 108-117 
Wiley, Harvey, development of food 

color legislation 128 
Williams, G. H . , early development 

of geochemistry 6 
Witt, Otto, influence on C. H. 

Herty 87 
Wolff, J. E . , early development of 

geochemistry 6 
World War I 

and chemical warfare research .. 165-81 
effect on growth of American 

pharmaceutical firms 86 
impact on synthetic petroleum 

research 24 
and nutrition research 

development 69 
Wright, F. E . and early develop­

ment of geochemistry 6 

Xerophthalmania, eye disease 
brought on by lack of vitamin A 

73 

Yale University, chemical warfare re­
search during WWI 172 

 P
ub

lic
at

io
n 

D
at

e:
 A

ug
us

t 2
3,

 1
98

4 
| d

oi
: 1

0.
10

21
/b

k-
19

84
-0

22
8.

ix
00

1

In Chemistry and Modern Society; Parascandola, J., el al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1984. 




