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TECHNIQUE OF ORGANIC CHEMISTRY

INTRODUCTION

Organic 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
skiliful 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 opera-
tions and describe the technigues and tools, their modifications, their
merits and limitations, and their handling. 1t 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 in-
vestigations in the field of chemical engineering, so that the results may be
of assistance in the laboratory and help the laboratory chemist to under-
stand 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 will let them have the benefit of their criticism and of suggestions
for improvements.

AW,

Research Laboratories
Eastman Kodak Company
Rochester, New York

1459308
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PHYSICAL METHODS OF ORGANIC CHEMISTRY

PREFACE
io the First Edition

In recent years, the science of physics has become increasingly important
to the organic chemist. Physics has given much greater precision to the
concept 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 4 research problem is frequently governed
more by the physical method to be used than by the chemiecal 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
hooks. The present work has been eompiled with the hope of relieving
him of much of this burden. 1t has been the object of the authors to
provide a description of tested methods, the theoretical background for
understanding 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 de-
sirable for formal reasons. In some chapters a discussion of theory was
unnccessary, in some a relatively brief theoretical treatment sufficed, and
in other chapters a rather complete exposition of the theory appeared
necessary. Some methods have been treated in monographs, while for
others no eomprehensive niodern 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 caleulated to appeal to the student who seeks to increase
his understanding of the methods described, although he may not practice

.V



vi PREFACE

them himself. For him, chapters like those on x-ray and electron diffrac-
tion should be adequate, but the practical applieation of these techniques
will require the use of the supplemental literature to which reference is
made. ,

The authors and editor will welcome any suggestions for improvements.
The editor wishes to express his sincere thanks to the authors whose labor,
often under difficult circumstances due to the war, made possible this
treatise. He also acknowledges gratefully the assistance of his colleagues
in reading the manuscripts, particularly of Drs. L. G. S. Brooker, I. Fan-
kuchen, M. L. Huggins, E. E. Jelley, C. J. Kibler, E. Loewenstein, J. E,
LuValle, J. Spence, J. Russell, C. V. Wilson and Messrs. R. H. Wagner
and K. F. Weaver, and the help of Misses G. Das and A. M. Hyman in
the clerical work.

The publishers and their staff deserve special recogmtlon and thanks for
their eager and understanding cooperation.

AW,

Research Taboratories
Eastman Kodak Company
Rochester, New York

PREFACE

to the Second Edition

The purpose of this treatise is stated in the preface to the first edition.
The secontd edition has been enlarged by five new chapters (I, II, V, XI1I,
XXVI), by new sections in chapters XV and XXII, and .by a substantial
expansion of many of the other chapters; some of them have been entirely
rewritten (VIII, XI, XII, XXIV, XXX, XXXI), and others have been
thoroughly revised.

New chapters V, XIII, and XXVI deal with the determination and evalu-
ation of Vapor Pressure, with measurements made with the Ultracentrifuge,
and with Electrophoresis, In the additions to chapters XV and XXII are
presented Electron Microscopy, Nephelometry, and the determination and
evaluation of Light Scattering, respectively. Temperature Measurement
and Temperature Control are important for so many of the methods that
it seemed advisable to treat them separately in Chapters I and II, to
which reference is made in the other chapters. Likewise, a section on
Light Sources has been added in chapter XXI. However, special appli-

-



PREFACE vii

cations of these general subjects are presented in the chapters which deal
with the respective problems.

We hope that the new edition provides a more homogeneous and com-
plete presentation of the field than the first edition. The title, Physical
Methods of Organic Chemaistry, has been called too narrow. “Organic
Chemistry”’ distinguishes the methods described from 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 ob-
ject to provide information on the physical methods used by chemists,
physicochemists, physicists, biologists, and other resecarch workers in deal-
ing with organic chemical problems.

In the volume at hand are described the determination and evaluation of
physical properties of organic compounds. Other volumes of the present
series deal with techniques used in the preparation, 1solation, and purifica-
teon of organic compounds.

I acknowledge with gratitude the valuable suggestions made in reviews
and in letters by Drs. H. G. Cassidy, N. D. Cheronis, S. Glasstone, and
W. Swietoslawski and the assistance of Drs. L. C. Craig, E. M. Crane,
A. L. Geddes, L. Hess, K. C. D. Hickman, M. L. Huggins, W. J. Knox,
V. K. LaMer, L. G. Longsworth, R. P. Loveland, J. E. LuValle, H. Mark,
D. R. Morey, W. R. Ruby, D. R. Simonsen, D. W. Stewart, J. M. Stur-
tevant, R. S. Tipson, G. W. Thomson, and L. H. Weissberger and Messrs.
A. Ballard, R. L. Bent, C. A. Morrison, and H. Shapiro in reading the
manuscripts. Miss K. Goepp assisted the authors in preparing chapters
XI and XII. 1 am grateful for their efforts and for the splendid and
understanding cooperation of the publishers in the planning and the

preparation of the new edition.
AW,

Research Laboratories
Eastman Kodak Company
Rochester, New York
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INTRODUCTION

Organic 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 theoret-
ical background for an understanding of the various methods and opera-
tions 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 in-
vestigations in the field of chemical engineering, so that the results may be
of ‘assistance in the laboratory and help the laboratory chemist to under-
stand 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 will let them have the benefit of their criticism and of suggestions

for improvements.
At “’.

Research Laboratories
Eastman Kodak Company
Rochester, New York
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PHYSICAL METHODS OF ORGANIC CHEMISTRY

PREFACE

to the Firsf: Edition

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 relicving
him of much of this burden. It has been the object of the authors to
provide a description of tested methods, the theoretical background for
understanding 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 de-
sirable for formal reasons. In some chapters a discussion of theory was
unnecessary, in some a relatively brief theoretical treatment sufficed, and
in other chapters a rather complete exposition of the theory appeared
necessary. 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 praectice
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them himself. For him, chapters like those on x-ray and electron diffrac-
tion should be adequate, but the practical application of these techniques
will require the use of the supplemental literature to which reference 1s
made. _ _

The authors and editor will welcome any suggestions for improvements.
The editor wishes to express his sincere thanks to the authors whose labor,
oftenn under difficult circumstances due to the war, made possible this
treatise. He also acknowledges gratefully the assistance of his colleagues
in reading the manuscrupts, particularly of Drs. L. G. S. Brooker, 1. Fan-
kuchen, M. L. Huggins, E. E. Jelley, C. J. Kibler, E. Loewenstein, J. E.
TuValle, J. Spence, J. Russell, C. V. Wilson and Messrs. R. H. Wagner
and K. F. Weaver, and the help of Misses G. Das and A. M. Hyman in the
clerical work. .

The publishers and their staff deserve special recognition and thanks for

their eager and understanding cooperation.
AW,

Research Laboratories
Eastman Kodak Company
Rochester, New York

PREFACE

to the Second Edition

The purpose of this treatise is stated in the preface to the first edition.
The second edition has been enlarged by five new chapters (I, I1, V, XIII,
XXVI), by new sections in chapters XV and XXI1I, and by a substantial
expansion of many of the other chapters; some of them have been entirely
rewritten (VI1I, XI, XII, XXIV, XXX, XXXI), and others have been
thoroughly revised.

New chapters V, XIII, and XXVI deal with the determination and evalu-
ation of Vapor Pressure, with measurements made with the Ultracentrifuge,
and with Electrophoresis. In the additions to chapters XV and XXII are
presented Electron Microscopy, Nephelometry, and the determination and
evaluation of Light Scattering, respectively. Temperature Measurement
and Temperature Control are important for so many of the methods that
it seemed advisable to treat them separately in chapters I and 11, to which
reference is made in the other chapters. Likewise, a section on Light
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Sources has been added in chapter XX1. However, special applications of
these general subjects are presented in the chapters which deal with the
respective problems.

We hope that the new edition provides s more homogeneous and com-
plete presentation of the field than the first edition. The title, Physical
Methods of Organic Chemisiry, has been called too narrow. “Organie
Chemistry’” distinguishes the methods deseribed from those physicochemi-
cal 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 organiec problems only. Though it is gratifying
that workers in other fields have found the book useful, it is our chief ob-
Ject to provide information on the physical methods used by chemists,
physicochemists, physicists, biclogists, and other research workers in deal-
ing with organic ehemical problems.

In the volume at hand are described the defermination and evaluation of
physical properties of organic compounds. Other volumes of the present
series deal with techniques used in the preparation, isolation, and purifica-
fion of organic compounds.

I acknowledge with gratitude the valuable suggestions made in reviews
and in letters by Drs. H. G. Cassidy, N. D. Cheronis, S. Glasstone, and
W. Swietoslawski and the assistance of Drs. L. C. Craig, E. M. Crane,
A. L. Geddes, L. Hess, K. C. D. Hickman, M. L. Huggins, W. J. Knox,
V. K. LaMer, L. G. Longsworth, R. P. Loveland, J. E. LuValle, H. Mark,
D. R. Morey, W. R. Ruby, D. R. Simonsen, D. W. Stewart, J. M. Sturte-
vant, R. S. Tipson, G. W. Thomson, and L. HH. Weissberger and Messrs. A.
Ballard, R. L. Bent, C. A. Morrison, and H. Shapiro in reading the manu-
scripts,  Miss K. Goepp assisted the authors in preparing chapters XI and
XII. Dr. S. Frank prepared the revised index. I am grateful for their
efforts and for the splendid and understanding cooperation of the pub-
ishers in the planning and the preparation of the new edifion.

A W.

Research Laboratories
Eastman Kodak Company
Rochester, New York
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TEMPERATURE MEASUREMENT

JuriaNn M. STrURTEVANT

Yale Universily

I11.

IV,

VI.

VII.

Introduetion. .. ... . o
Definition of 2 Temperature Seale. . ... ... ... . ... ... .. .. ..

1. Ioternational Temperature Seale. . .. .. ... ... .. ... . ......
A, Fixed Points. .. ... ... ... . .
B. Interpolution....... . .. ... . ... .. L
2. Secondary Temperature Standards. . ... ... .. .. ... PP,
Liquid-in-Glass Thermometers. .. .......... ... ... ... ... ......
1.  Merceury-in-Glass Thermometers....... ... ... .............
A.  Sources of Error in the Use of Mercury Thermometers. . .
B. Thermometer Calibration....................... .....
c. Beciimann Thermometers......... .. ... ... .. .. .....
2. Other Liquid-in-Glass Thermometers..., ... ... .. ... ...
Resistance Thermometry. ... ... ... ... . . ... ... ...
1. Platinum Res stance Thermometers.... .. ... ... .. .. ... ..
2. Other Types of Resistance Thermometers. . L
A. Thermometers Using Metals Other Than l’latmum ......
B. Thermometers Using Nonmetallic Materials.,..... .. ..
c. Bolometers............ ... ... ... . .. .. .. ... .. ...
3. Measurement of Resistance........... ... ... ..............
A. D, C. Wheatstone Bridge.............................
B. Potentiometric Method......................... ... ..
c. Automatic Indication and Recording of Temperature. . . .
Thermoelectric Thermometry. .. ...... . ....ciiiiiinineninnn..
A. Design and Construction of Thermocouples.............
- B. Measurement of Potential. ... ... ... .. ... ... .. ......
c. Calibration of Thermocouples. . ... ... ... ... .. .. ..
Miscellaneous Thermometrie Methods..................... ... ..
A. Expansion Thermometers....... ... . ... ........ ... ..
B. Radiation Pyrometry...................... ... ... . ..
Choice of Method of Temperature Measurement. ... ...... .....
General References.... ...... ... ... ... ... ... ... . ... .. .. ...,

I. INTRODUCTION

Temperature measurement and, to a lesser extent, temperature control
are fundamental to nearly all experimental work in the natural sciences.

1



2 J. M. STURTEVANT

Very few of the important attributes of material substances are even ap-
proximately independent of temperature, and this is particularly true of
those properties which are of significance in organic chemistry.

Organic chemists until recent years were able to make truly remarkable
progress in developing an understanding of the behavior of the compounds
~ of carbon largely on the basis of essentially qualitative observations, and
much further progress will undoubtedly be made using the well-tried
methods of classical organic chemistry. However, in many branches of
the subject it has become increasingly necessary to adopt more refined
methods of observation in order to achieve continued progress. This
extension of quantitative methods to organic chemistry nearly always in-
volves an improvement in either temperature measurement or tempera-
ture control, or both. It is therefore a matter of some importance to or-
ganic chemists to be familiar with modern developments in these two fields,
even though these developments may seem now to go beyond the needs of
the moment in most phases of organic chemical work.

In the present chapter we discuss the principles and methods of tempera-
ture measurement. Particular attention is given to methods which are
applicable in the relatively narrow temperature region where organic com-
pounds are stable. Chapter II will be concerned with temperature eontrol.

II. DEFINITION OF A TEMPERATURE SCALE!
1. International Temperature Scale

Temperatures in scientific work are expressed in terms of the Interna-
tional Temperature Scale, adopted in 1927 by the Seventh General Con-
ference on Weights and Measures, and revised in 1948 by the Ninth
General Conference. At the time of its adoption, this scale conformed to
the thermodynamic scale as closely as possible in view of the experimental
knowledge available at that time. The International Scale is defined by
several fixed points, each point being given with a number of significant
figures consistent with its reproducibility, and by means for interpolating
between the fixed points.

A. FIXED POINTS

The basic fixed points of the International Temperature Scale are the
temperatures of the following equilibria at a pressure of one standard
atmosphere; () liquid and gaseous oxygen,? —182.97°. (b) ice and air-

! H. T. Wensel, in Temperature, Itz Measurement and Control in Science and Industry.

Reinhold, New York, 1941, p. 3.
* Unless otherwise specified, temperatures are given in centigrade degrees.
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saturated water, 0.000°; (¢) liquid water and steam, 100.00°; (d) liquid
and gaseous sulfur, 444.60°; (e) solid and hquid silver, 960.8°; and (f)
solid and liquid gold, 1063°.

B. INTERPOLATION

From the ice point to 630°, the temperature, ¢, is deduced from the re-
sistance. R, of a standard platinum resistance thermometer by means of
the formula:

R, = Ro(l + At + B2 (1)

The constants, %y, A, and B, are determined by ecalibration at the ice,
steam, and sulfur points. The purity and physical condition of the
thermometer should be such thut Riw/Re > 1.3920, and 4.2165 < (K,
— By /(R — Re) < 4.2180.

From —183° to the ice point, the temperature is deduced from the re-
sistance of a standard resistance thermometer by means of the formula:

R, = Roll + At -+ Bt? + C{t — 100)t3] (2)

where the constants arc determined by calibration at the oxygen, ice,
steam, and sulfur points.

From 630° to the gold point, interpelation 1s accomplished by means of
a standard platinum #»s. platinum-rhodium thermocouple, one junction of
which ig at 0°. Above the gold point, temperatures are defined in ferms
of Planck’s radiation formula.

The chief value of the International Temperature Scale lies in the fact
that its practically universal acceptance has removed the ambignitios
formerly present in the spectfication of temperatures.

2. Secondary Temperature Standards

For many applications it is convenient to have reference temperatures
more ciosely spaced than those provided by the International Tempera-
ture Scale, Tempersatures defined by the equilibria between the hiquid and
solid forms of pure substances are usually preferable to those defined by
the equilibria between the liquid and gaseous forms because of the dif-
fieulty of avoiding errors due to superheating and pressure effects in boiling-
point determinations.

One of the best-defined and most reproducible secondary standard tem-
peratures ig the freezing point of benzoic acid. Schwab and Wichers?
have shown that pure benzoie acid (supplied by the National Bureau of

3K, W. Schwab and K. Wichers, J. Research Natl. Bur. Standards, 34, 333 (19453).



