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G E N E R A L I N T R O D U C T I O N

A m e r i c a n C h e m i c a l S o c i e t y S e r i e s of

Scient i f ic a n d T e c h n o l o g i c M o n o g r a p h s

By arrangement with the Interallied Conference of Pure and
Applied Chemistry, which met in London and Brussels in July,
1919, the American Chemical Society was to undertake the pro-
duction and publication of Scientific and Technologic Mono-
graphs on chemical subjects. At the same time it was agreed
that the National Research Council, in cooperation with the
American Chemical Society and the American Physical Society,
should undertake the production and publication of Critical
Tables of Chemical and Physical Constants. The American
Chemical Society and the National Research Council mutually
agreed to care for these two fields of chemical development.
The American Chemical Society named as Trustees, to make
the necessary arrangements for the publication of the mono-
graphs, Charles L. Parsons, Secretary of the American Chemical
Society, Washington, D. C ; John E. Teeple, Treasurer of the
American Chemical Society, New York City; and Professor
Gellcrt Alleinan of Swarthmore College. The Trustees have
arranged for the publication of the American Chemical Society
series of (a) Scientific and (b) Technologic Monographs by the
Chemical Catalog Company of New York City.

The Council, acting through the Committee on National Policy
of the American Chemical Society, appointed the editors, named
at the close of this introduction, to have charge of securing
authors, and of considering critically the manuscripts prepared.
The editors of each series will endeavor to select topics which
arc of current interest and authors who are recognized as author-
ities in their respective fields. The list of monographs thus far
secured appears in the publisher's own announcement elsewhere
in this volume.

The development of knowledge in all branches of science, and
especially in chemistry, has been so rapid during the last fifty
years and the fields covered by this development have been so
varied that it is difficult for any individual to keep in touch with
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4 GENERAL INTRODUCTION

the progress in branches of science outside his own specialty.
In spite of the facilities for the examination of the literature
given by Chemical Abstracts and such compendia as Beilstein's
Handbuch der Organischen Chemie, Richter's Lexikon, Ostwald's
Lehrbuch der Allgemeinen Chemie, Abegg's and Gmelin-Kraut's
Handbuch der Anorganischen Chemie and the English and
French Dictionaries of Chemistry, it often takes a great deal of
time to coordinate the knowledge available upon a single topic.
Consequently when men who have spent years in the study of
important subjects are willing to coordinate their knowledge
and present it in concise, readable form, they perform a service
of the highest value to their fellow chemists.

It was with a clear recognition of the usefulness of reviews of
this character that a Committee of the American Chemical
Society recommended the publication of the two series of mono-
graphs under the auspices of the Society.

Two rather distinct purposes are to be served by these mono-
graphs. The first purpose, whose fulfilment will probably render
to chemists in general the most important service, is to present
the knowledge available upon the chosen topic in a readable
form, intelligible to those whose activities may be along a wholly
different line. Many chemists fail to realize how closely their
investigations may be connected with other work which on the
surface appears far afield from their own. These monographs
will enable such men to form closer contact with the work of
chemists in other lines of research. The «second purpose is to
promote research in the branch of science covered by the mono-
graph, by furnishing a well digested survey of the progress
already made in that field and by pointing out directions in
which investigation needs to be extended. To facilitate the
attainment of this purpose, it is intended to include extended
references to the literature, which will enable anyone "interested
to follow up the subject in more detail. If the literature is so
voluminous that a complete bibliography is impracticable, a
critical selection will be made of those papers which are most
important.

The publication of these books marks a distinct departure in
the policy of the American Chemical Society inasmuch as it is
a serious attempt to found an American chemical literature with-
out primary regard to commercial considerations. The success
of the venture will depend in large part upon the measure of
cooperation which can be secured in the preparation of books
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dealing adequately with topics of general interest; it is earnestly
hoped, tlicrefore, that every member of the various organizations
in the chemical and allied industries will recognize the impor-
tance of the enterprise and take sufficient interest to justify it.
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P r e f a c e

When—because of the prodigality of his brother, Epimetheus, in be-
stowing upon the animals of his creation all of the splendid gifts of the
gods—Prometheus had no worthy blessing to give his master work, man,
he ascended to heaven, lighted his torch at the chariot of the sun, and
brought down fire. With fire man could then conquer the earth and mold
it to his use.

Other than in mythology and in the imagination of erstwhile historians,
we have no intimation of the origin of fire on the earth. However, man's
own record shows that for many thousands of years he knew and used
fire, and the progress of civilization may be measured in terms expressing
the extent to which fire has been used. The oldest writings of India
taught that fire was one of the elements, and the history of alchemy teems
with speculations on its cause and use. Long ages passed before the em-
pirical knowledge of primitive man and the speculations of the alchemists
were woven with scientific observations into a credible theory and explana-
tion of fire, combustion, and oxidation.

Although oxidation is one of the commonest reactions known and is
widely used as a source of energy, it is only within the past fifty or sixty
decades that concerted efforts have been made to study individual reac-
tions systematically and to apply them in the formulation of useful
processes. It is only natural that the effect of catalysts should have re-
ceived early attention, and it is worthy of note that some of the earliest
observations of catalytic effects had to do with oxidation reactions. In
some cases development has been rapid and industrial processes have hern
worked out; in other cases, troublesome obstacles have been encountered
and development delayed.

It has been the purpose of the authors to consider the facts regarding
both developed and undeveloped processes and to review these critically
in so far as possible. The subject could have been approached from sev-
eral angles but it was believed that a consideration of the reactions involved
and products formed constituted the most satisfactory method of treat-
ment for the present purpose. This method of approach has made it
possible to show to better advantage the effects of different catalysts on
the various individual reactions and to classify the catalysts according to
activity and directive power. A consideration of catalyzed decomposition
reactions has been necessary in the case of aliphatic compounds because
such reactions are of great importance in the oxidation processes.
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8 PREFACE

The various reactions have been carried through historic sequences
from laboratory scale experiments to technical developments wherever
possible. When sufficient data were available, industrial practice has been
discussed. In many cases, the discussion could not be made as critical
as desired because trade secrecy prevented the use of industrial data as
illustrative material, because the multiplicity of conditions used in^ vapor
phase oxidations made adequate comparisons and confirmations impos-
sible, and because the paucity of data, published or otherwise, made it
difficult to obtain sufficient knowledge of certain reactions. Nevertheless,
a large amount of information has been gleaned from the scattered litera-
ture and arranged according to the scheme already mentioned.

It has been necessary in some cases to make free use of the patent
literature because of the scarcity of other sources of information. This
is an unsatisfactory solution because of the recognized unreliability of the
patent literature relating to catalysts. Many patents are undoubtedly the
result of sound observations and may be relied upon as sources of infor-
mation; many, however, are crowded with claims that constitute wide
extrapolations from any experimental evidence and, hence, are not to be
relied upon as supports for theories and explanations. This uncertain
nature has been recognized in the present use of the patent literature and
patents have been depended upon principally to indicate the trend of
activity in the various fields.

The authors are especially indebted to Mr. J. M. Weiss and Dr. C. R.
Do-vvns for having seen the possibility of a book on catalytic oxidation of
organic compounds and for having instigated the present volume. They
are also indebted to these men for critically reviewing the manuscript,
especially those parts dealing with' aromatic hydrocarbon oxidation, and
for furaisliing valuable information regarding industrial methods and
apparatus. They gratefully acknowledge the aid of Prof. J. H. James and
Mr. Chester E. Andrews in critically reviewing the entire manuscript.

L. F. M.
r . . . D. A. H.
Cambridge,
Massachusetts,
June, 1932,
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C h a p t e r I

I n t r o d u c t i o n — C a t a l y s i s

The fact that chemical action between two or more given compounds
may be influenced by the presence of a relatively small quantity of an
extraneous substance was recognized very early in the development of
chemical theory, but the first generalization in regard to the nature of
the forces which operate in such cases was made by Berzelius x in 1836
when for purposes of convenience he applied the term "catalytic force"
to explain processes of this kind. Early studies in catalysis were limited
almost exclusively to the action of platinum2 although Dulong and
Thcnard •' showed that gold, silver, and even glass, possess the same prop-
erty at higher temperatures, and Faraday 4 carried on a detailed investi-
gation regarding the power of metals and other solids to induce the com-
bination of gases. The correlation of catalysis with the laws of chemical
reaction velocity was made by Wilhelmy D as early as 1850 and his initial
researches were later extended to a detailed study of the influence of
changes in concentration, temperature and pressure by Lowenthal and
Lcnnsen," Berthclot,7 Harcourt and Esson,8 Warder,0 Urcch,10 Van't Hoflf,
Arrhenius, and many others.

The potentialities of the application of catalytic methods in industry
were foreseen by Ostwald X1 when he prophesied that a scientific knowledge
and control of catalytic phenomena would lead to immeasurable results
technically. This prophecy has been fulfilled in a large measure, and
today the problems associated with catalysis are recognized as being of
far reaching and fundamental importance to the chemist. Catalytic effects
are present in even the most ordinary operations. Frequently, processes
eminently successful in laboratory glass apparatus are doomed to failure
when transferred to the plant with its iron, steel, or copper equipment
simply because of some catalytic effect of the container wall. On the other
hand, processes which a few years ago were considered laboratory curi-

lJahrcsbcr. 15, 237 (1836); Ann. chim. (Ill) 61, 146 (1836).3 Dobeveiner, Schrvcippcr's Jl. 34, 91 (1822); 38, 321 (1823); also Turner, Edin. Phil. Jl. 11,
99 and 311 (1834) and Davy, Phil. Trans. 97, 45 (1817).8 Ann. chim. (II) 23, 440; 24, 380 (1823).4 l-'araday, Phil. Trans. 114, 55 (1834).nPogg. Ann. 81, 413, 499 (1850).

*J. prakt. Chcm. (i) 8S, 321, 401 (1862).
' Compt. rend. 59, 616 (1864); Ann. chim. (iv) 18, 146 (1869).
*Phil. Trans. 167, 117 (1867).0 Am. Chcm. J. 3, 203 (1881).taBcr. 16, 762 (1886); 17, 2165 (1884); 20, 1836 (1887).

"Ostwald, Z. Elcktrochem. 1, 995 (1901).
II


