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TECHNIQUE OF ORGANIC CHEMISTRY

INTRODUCTION

Orgg,pic chemistry, from its very beginning, has used specific tools and
techniques for the synthesis, isolation, and purification of compounds, and
physical methods for the determination of their properties. ' Much of the
success of the organic chemist depends upon a wise selection and a skillful
application of these methods, tools, and techniques, which, with the
progress of the science, have become numerous and often intricate.

The present series is devoted to a comprehensive presentation of the
techniques which are used in the organic laboratory and which are available
for the investigation of organic compounds. The authors give the theoreti-
cal background for an understanding of the various methods and operations
and describe the techniques and tools, their modifications, their merits and
limitations, and their handling. It is hoped that the series will contribute
to a better understanding and a more rational and effective application of
the respective techniques. Reference is made to some investigations in the
field of chemical engineering, so that the results may be of assistance in the
laboratory and help the laboratory chemist to understand the problems
which arise when his work is stepped up to a larger scale.

The field is broad and some of it is difficult to survey. Authors and
editor hope that the volumes will be found useful and that many of the
readers viill let them have the benefit of their criticism and of suggestions
for improvements.

A W.
Research Laboratories

Eastman Kodak Company
Rochester, New York
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TECHNIQUE OF ORGANIC CHEMISTRY

Volume 1

From the Prefaces to the First and Second Editions

In recent years, the science of physics has become increasingly important
to the organic chemist. Physics has given much greater precision to the
concepts of atoms, bonds, and structural formulas, and it has made possible
the development of new, and the improvement of older, methods for the
examination of chemical systems. With the increasing number and com-
plexity of physical methods for the treatment of organic chemical problems
there has resulted a specialization of research workers in the methods
which they employ, and the selection of a research problem is frequently
governed more by the physical method to be used than by the chemical
nature of the problem. Some workers have made themselves familiar with
several methods in order to deal with their individual problems. In other
cases, however, physical methods have been used without adequate
preparatlon

* The chemist, in order to acquaint himself with a certain physical method,
has in the past been compelled to search through periodicals and specialized
books. The present work has been compiled with the hope of relieving
him of much of this burden. It has been the object of the authors to pro-
vide a description of tested methods, the theoretical background for under-
standing and handling them, and the information necessary for a critical
evaluation of the experimental results.

Because of the diversity of the methods discussed, no attempt has been
made to secure a uniformity of presentation which might have been desir-
able for formal reasons. In some chapters a discussion of theory was un-
necessary, in some a relatively brief theoretical treatment sufficed, and in
other chapters a rather complete exposition of the theory appeared neces-
sary. Some methods have been treated in monographs, while for others no
comprehensive modern presentation is available. Therefore, a rather
severe selection and delimitation of material was exercised in some chapters
and a more complete treatment given in others.

The book is also ealeulated to appeal to the student who seeks to increase
his understanding of the methods described, although he may not practice
them himself. For him, chapters like those on x-ray and electron diffraction
should be adequate, but the practical application of these techniques will
require the use of the supplemental literature to which reference is made.

The title, Physical Methods of Organic Chemistry, has been called too
narrow. ‘‘Organic Chemistry’’ distinguishes the methods deseribed from

vii



viii PREFACE

those physicochemical methods which, though essential in other fields, are
less important for, or not applicable to, organic chemistry—for example,
methods employing very high temperatures. We do not, of course, suggest
that the methods described are applicable to organic problems only.
Though it is gratifying that workers in other fields have found the book
useful, it is our chief object to provide information on the physical methods
used by chemists, physicochemists, physicists, biologists, and other re-
search workers in dealing with organic chemical problems.

Preface to the Third Edition

The Second Edition of this treatise was published in 1949 and brought up
to date by Part III in 1954. Since then the continued high demand for
Parts I and II has indicated the need for either a reprinting or a new edition,
and a survey has shown that only a new edition would cope with the changes
in, and the additions to, the rapidly developing field.

In the Third Edition of Physical Methods new topics have been added, as
chapters on ‘‘/ 2tomatic Control’”’ by J. M. Sturtevant, ‘‘Automatic Re-
cording” by D. R. Simonsen, ‘“Weighing”’ by A. Corwin, “Determination of
Particle Size and Weight” by G. Beyer, “X-Ray Microscopy’’ by W. Nixon,
“Determination of the Kerr Effect” by R. J. W. and C. G. Le Fevre, “De~
termination of the Farsday Effect” by C. E. Waring and R. Custer,
“Nuclear Magnetic Resonance” by H. S. Gutowsky, “Electron Spin
Resonance” by G. K. Fraenkel, “Determination of Transference Numbers”’
by M. Spiro, and “Coulometric and Related Methods” by L. Meites.

Automatic control and automatic recording are applicable to many of the
methods described in the treatise, and the systematic diseussions of Chap-
ters I and II obviate repetitious references. Weighing, likewise, is of
general importance. Particle size is influential on, and determined by
means of, measurements with so many different methods that a unifying
survey appeared desirable. Other new chapters take care of omissions in
the earlier editions and of recent additions to the arsenal of methods which
are applicable to organic compounds.

The two chapters on “Spectroscopy and Spectrophotometry” and on
“Colorimetry, Photometric Analysis, Fluorimetry, and Turbidimetry” by
W. West bave been divided into five chapters: ‘Visible and Ultraviolet
Spectroscopy and Spectrophotometry’” by W. West, ‘“Infrared Spectro-
photometry’”’ by D. Anderson, W. West, and N. B. Woodall, “‘Colorimetry
and Photometric Analysis” by W. West, “Determination of Fluorescence
and Phosphorescence” by G. Oster and N. Wotherspoon, and ‘‘Determina-
tion of Light Secattering” by G. Oster. The importance of ‘“Optical
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Rotatory Dispersion’ is reflected in a chapter by W. Klyne and A. C.
Parker which supplements the chapter on “Polarimetry.”

We deeply regret the death of Dr. W. D. Harkins, Dr. L. Michaelis, and
Dr. M. A. Peacock. Their topics have been taken over by Dr. A. E.
Alexander, ‘‘Determination of Properties of Insoluble Monolayers at Mo-
bile Interfaces” and ‘“Determination of Surface and Interfacial Tension,”
Dr. J. D. H. Donnay and Dr. Gabrielle Donnay, “Determination of Crys-
tal Morphology,” Dr. P. W. Selwood, “Determination of Magnetic Sus-
ceptibility,” and Dr. C. Tanford and Dr. S. Wawzonek, “Potentiometry.”
Where substantial parts of the original chapters were retained, credit is
given in the titles to the former authors.

Dr. 8. Z. Lewin, Dr. J. Arthur, Dr. W. J. Mader, Dr. J. F. Swindells,
Dr. R. Ullman, Dr, L. D. Moore, Dr. R. Pontius, Dr. G. Donnay, Dr. W. N.
Lipscomb, Dr. D. D. Fitts, Dr. H. C. Scheraga, Dr. B. M. Tolbert, and
Dr. W. Siri have joined or replaced authors of the earlier editions in the
writing of the chapters, “Determination of Density’’ by N. Bauer and S. Z.
Lewin, ‘“Determination of Melting and Freezing Temperatures” by E.
Skau and J. Arthur, “Determination of Solubility’’ by W. J. Mader, R. D.
Vold, and M. J. Vold, “Determination of Viscosity” by J. F. Swindells,
R. Ullman, and H. Mark, “Determination of Osmotic Pressure’’ by R. H.
Wagner and L. D. Moore, ‘“‘Determination of Diffusivity”’ by A. L. Geddes
and R. Pontius, “Refractometry’’ by N. Bauer, S. Z. Lewin, and K. Fajans,
“Crystallochemical Analysis” by J. D. H. Donnay and G. Donnay, “X-Ray
Diffraction” by W. N. Lipscomb, “Polarimetry”’ by W. Heller and D. D.
Fitts, “Determination of Streaming Birefringence’” by H. S. Scheraga and
R. Signer, and “Determination of Radioactivity’’ by B. M. Tolbert and
W. Siri.

Some physical methods have been omitted from this volume because they
are discussed elsewhere in the Series. Certain techniques useful in prepara-
tive work are treated in Volume II, Catalytic, Photochemical, and Electro-
lytic Reactions, and in Part I of Volume III, Separation and Purification.
Additional information on vapor pressure and volatility may be found in
Volume IV, Distillation. Special techniques for work on a micro and
semimicro scale are presented in Volume VI. Adsorption and Chromatog-
raphy are treated in Volumes V and X, respectively.

The application of certain of the methods discussed in the present treatise
to the study of rates and mechanisms of reactions is elaborated in Volume
VIII. Chemical Applications of Spectroscopy are the topic of Volume IX,
but applications of the non-spectroscopic physical methods are discussed in
the present volume in order to explain the use and the scope of the respec-
tive techniques.

In sub-dividing the treatise into Parts I to IV wehave tried not to separate
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closely related topics. Individual indices summarize the contents of Parts
I, II, and IIJ, and an index of the whole treatise is contained in Part IV.

I am grateful to many colleagues for help in the editorial work; to Dr.
E. K. Blout, Dr. H. S. A. Gilmour, Dr. T. Gompf, Dr. R. L. Griffith, Dr.
F. Hamm, Dr. G. Happ, Dr. A. Herz, Dr. W. J. Knox, Jr.,, Dr. W. Moffitt,
Dr. O. H. Muller, Mr. D. Pearlman, Dr. R. Pontius, Dr. B. W. Rossitter,
Dr. W. R. Ruby, Dr. H. Seeman, Dr. D. R. Simonsen, Dr. W. R.
Vaughan, and to my wife, Dr. Louise H. Weissberger. Last, but not least, I
want to express my gratitude to the publishers and their staff, not only for
their expert handiing of technical matters, but for their willingness to
undertake a new edition instead of a less onerous, more remunerative, but
for the user less satisfactory, reprinting of the second edition.

AW,

Research Laboratories
Eastman Kodak Company -
Rochester, New York
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The present series is devoted to a comprehensive presentation of the
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the respective techniques. Reference is made to some investigations in the
field of chemical engineering, so that the results may be of assistance in the
laboratory and help the laboratory chemist to understand the problems
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TECHNIQUE OF ORGANIC CHEMISTRY
Volume I

From the Prefaces to the First and Second Editions

In recent years, the science of physics has become increasingly important
to the organic chemist. Physics has given much greater precision to the
concepts of atoms, bonds, and structural formulas, and it has made possible
the development of new, and the improvement of older, methods for the
examination of chemical systems. With the increasing number and com-
plexity of physical methods for the treatment of organic chemical problems
there has resulted a specialization of research workers in the methods
which they employ, and the selection of a research problem is frequently
governed more by the physical method to be used than by the chemical
nature of the problem. Some workers have made themselves familiar with
several methods in order to deal with their individual problems. In other
cases, however, physical methods have been used without adequate
preparation.

The chemist, in order to acquaint himself with a certain physical method,
has in the past been compelled to search through periodicals and specialized
books. The present work has been compiled with the hope of relieving
him of much of this burden. It has been the object of the authors to pro-
vide a description of tested methods, the theoretical background for under-
standing and handling them, and the information necessary for a critical
evaluation of the experimental results.

Because of the diversity of the methods discussed, no attempt has been
made to secure a uniformity of presentation which might have been desir-
able for formal reasons. In some chapters a discussion of theory was un-
necessary, in some a relatively brief theoretical treatment sufficed, and in
other chapters a rather complete exposition of the theory appeared neces-
sary. Some methods have been treated in monographs, while for others no
comprehensive modern presentation is available. Therefore, a rather
severe selection and delimitation of material was exercised in some chapters
and a more complete treatment given in others.

The book is also calculated to appeal to the student who seeks to increase
his understanding of the methods described, although he may not practice
them himself. For him, chapters like those on x-ray and electron diffraction
should be adequate, but the practical application of these techniques will
require the use of the supplemental literature to which reference is made.

The title, Physical Methods of Organic Chemistry, has been called too
narrow. ‘‘Organic Chemistry”’ distinguishes the methods described from

vi
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those physicochemical methods which, though essential in other fields, are
ies= important for, or not applicable to, organic chemistry—for example,
methcds employing very high temperatures,  We do not, of course, suggest
that the methods desoribed are applicable to organic problems only.
Though it is gratifying that workers in other fields have found the book
usciul, it is our chief objeet to provide information on the physical methods
used by chemists, physicochemists, physicists, biologists, and other re-
search workers in dealing with organic chemical problems.

Preface to the Third Edition

The Second Edition of this treatise wns published in 1949 and brought up
to date by Part III in 1954, Since then the continued high demand for
Parts I and IT has indicated the need for cither g reprinting or a new edition,
and a survey has shown that only a new edition would cope with the changes
in, and the additions to, the rapidly developing field.

In the Third Edition of Physical Methods new topics have been added, as
chapters on “Automatic Control” by J. M. Sturtevant, “Automatic Re-
cording” by D. R. Simonsen, “Weighing” by A. H. Corwin, ‘‘Determination
of Particle Size and Molecular Weight” by G. L. Beyer, “X-Ray Micros-
copy” by W. C. Nixon, “The Kerr Effect” by C. G. and R. J. W. Le
Fevre, “Determination of the Faraday Effect’” by C. E. Waring and R. L.
Custer, “Nuclear Magnetic Resonance” by H. 8. Gutowsky, ‘“Paramag-
netic Resonance Absorption” by G. K. Fraenkel, “Determination of Trans-
ference Numbers” by M. Spiro, and “Clontrolled-Potential Electrolysis” by
L. Meites. )

Automatic control and automatie recording are applicable to many of the
methods described in the treatise, and the systematic discussions of Chap-
ters 1 and II obviate repetitious references. Weighing, likewise, is of
general importance. Particle size is influential on, and determined by
means of, measurements with so many different methods that a unifying
survey appeared desirable. Other new chapters take care of omissions in
the earlier editions and of recent additions to the arsenal of methods which
are applicable to organie compounds.

The two chapters on “Spectroscopy and Spectrophotometry’” and on
“Colorimetry, Photometric Analysis, Iluorimetry, and Turbidimetry’” by
W. West have been divided into five chapters: “Spectroscopy and Spectro-
- photometry in the Visible and Ultraviolet” by W. West, “Infrared Spectro-
photometry”” by D. Anderson, W. West, and N. B. Woodall, “Colorimetry
and Photometric Analysis” by W. West, “Determination of Fluorescence
and Phosphorescence’” by G. Oster and N. Wotherspoon, and ‘Light
Seattering” by G. Oster. The importance of “Optical Rotatory Dis-



