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This volume is a collection of refer-
ences—about 2000 in number-—to pub-
lished literature on the subject of the
heavy hydrogen isotope. The material
is classified according to subject in
such a manner that previous work in
the field may be readily found. The
volume should prove useful to anyone
concerned with research on isotopes and
their application to specific problems.

From the volume preface:

“A  bibliography of such research
should be welcomed by any worker
involved with isotopes. To those
familiar with the field it will serve
as a reminder of what has been done
and suggest new experiments that
should be done. To the beginner in
isotope research, whether it be with
stable or radivactive nuclear species.
no better survey of past accomplish-
ments can be supplied. The inge-
nuity, industry, and achievements of
the thousands of investigators, rep-
resenting every country where scien-
tific research is pursued, have made
this bibliography possible. The many
unsolved problems that might be stud-
ied by isotopic methods can be pur-
sued only if we have a secure knowl-
edge of the attainments of the past.”

George M. Murphy

New York University
Division Editor

Special Separations Project
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FOREWORD

The United States program of development of atomic energy has
been described by Major General L. R. Groves, who, as Commanding
General of the War Department’s Manhattan Project, directed the
program from mid-1942 until December 31, 1946, as ‘‘a generation of
scientific development compressed into three years.’’ The tremen-
dous scope of the Manhattan Project Technical Section of the National
Nuclear Energy Series, which has been in preparation since 1944, is
a tribute to the unprecedented accomplishments of science, industry,
government, labor, and the Army and Navy working together as a
team. These volumes can be a firm foundation for the United States
atomic energy program which, in the words of the Atomic Energy Act
of 1946, is ¢« . . . directed toward improving the public welfare, in-
creasing the standard of living, strengthening free competition in
private enterprise, and promoting world peace.’’

David E. Lilienthal, Chairman
U. S. Atomic Energy Commission
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PREFACE

This volume is one of a series which has been preparedas a record
of the research work done under the Manhattan Project andthe Atomic
Energy Commission. The name Manhattan Project was assigned by
the Corps of Engineers, War Department, to the far-flung scientific
and engineering activities which had as their objective the utilization of
atomic energy for military purposes. In the attainment of this objec-
tive, there were many developments in scientific and technical fields
which are of general interest. The National Nuclear Energy Series
(Manhattan Project Technical Section) is a record of these scientific
and technical contributions, as well as of the developments in these
fields which are being sponsored by the Atomic Energy Commission.

The declassified portion of the National Nuclear Energy Series,
when completed, is expected to consist of some 60 volumes. These
will be grouped into eight divisions, as follows:

Division I — Electromagnetic Separation Project
Division II — Gaseous Diffusion Project

Division III — Special Separations Project
Division IV — Plutonium Project

Division V — Los Alamos Project

Division VI — University of Rochester Project
Division VII — Materials Procurement Project
Division VIII — Manhattan Project

Soon after the close of the war the Manhattan Project was able to
give its attention to the preparation of a complete record of the
research work accomplished under Project contracts. Writing pro-
grams were authorized atall laboratories, with the object of obtaining
complete coverage of Project results. Each major installation was
requested to designate one or more representatives to make up a
committee, which was first called the Manhattan Project Editorial
Advisory Board, and later, after the sponsorship of the Series was
assumed by the Atomic Energy Commission, the Project Editorial
Advisory Board. This group made plans to coordinate the writing
programs at all the installations, and acted as an advisory group in
all matters affecting the Project-wide writing program. Its last
meeting was held on Feb. 9, 1948, when it recommended the publisher
for the Series.

vii



viii PREFACE

The names of the Board members and of the installations which
they represented are given below.

Atomic Energy Commission
Public and Technical Information
Service

Technical Information Branch,
Oak Ridge Extension

Office of New York Operations

Brookhaven National Laboratory

Carbide & Carbon Chemicals
Corporation (K-25)

Carbide & Carbon Chemicals
Corporation (Y-12) 1

Clinton Laboratories
General Electric Company, Hanford

General Electric Company,
Knolls Atomic Power Laboratory

Kellex Corporation

Los Alamos
National Bureau of Standards

Plutonium Project
Argonne National Laboratory

Iowa State College
Medical Group
SAM Laboratories §

Stone & Webster Engineering
Corporation

University of California

University of Rochester

Alberto F. Thompson
Brewer F. Boardman

Charles Slesser, J. H. Hayner,
W. M. Hearon *

Richard W. Dodson

R. B. Korsmeyer, W. L. Harwell,
D. E. Hull, Ezra Staple

Russell Baldock

J. R. Coe
T. W. Hauff
John P. Howe

John F. Hogerton, Jerome Simson,
M. Benedict

R. R. Davis, Ralph Carlisle Smith
C. J. Rodden )

R. S. Mulliken, H. D. Young
F. H. Spedding

R. E. Zirkle

G. M. Murphy

B. W. Whitehurst

R. K. Wakerling, A. Guthrie
D. R. Charles, M. J. Wantman

* Represented Madison Square Area of the Manhattan District.

t The Y-12 plant at Oak Ridge was operated by Tennessee Eastman Corporation until May 4,
1947, at which time operations were taken over by Carbide & Carbon Chemicals Corporation.

f Clinton Laboratories was the former name of the Qak Ridge National Laboratory.

§ SAM (Substitute Alloy Materials) was the code name for the laboratories operated by
Columbia University in New York under the direction of Dr. H. C. Urey, where much of the
experimental work on {sotope separation was done. On Feb. 1, 1945, the administration of
these laboratories became the responsibility of Carbide & Carbon Chemicals Corporation.
Research in progress there was transferred to the K-25 plant at Oak Ridge in June, 1948, and
the New York laboratories were then closed.



PREFACE ix

Many difficulties were encountered in preparing a unified account
of Atomic Energy Project work. For example, the Project Editorial
Advisory Board was the first committee ever organized with repre-
sentatives from every major installation of the Atomic Energy Project.
Compartmentation for security was so rigorous during the war that
it had been considered necessary to allow a certain amount of dupli-
cation of effort rather than to permit unrestricted circulation of
research information between certain installations. As a result, the
writing programs of different installations inevitably overlap markedly
in many scientific fields. The Editorial Advisory Board has exerted
itself to reduce duplication in so far as possible and to eliminate
discrepancies in factual data included in the volumes of the NNES.
In particular, unified Project-wide volumes have been prepared
on Uranium Chemistry and on the Analysis of Project Materials.
Nevertheless, the reader will find many instances of differences in
results or conclusions onsimilar subject matter preparedby different
authors. This has not seemed wholly undesirable for several reasons.
First of all, such divergencies are not unnatural and stimulate in-
vestigation. Second, promptness of publication has seemed more
important than the removal of all discrepancies. Finally, many Pro-
ject scientists completed their contributions some time ago and have
become engrossed in other activities so that their time has not been
available for a detailed review of their work in relation to similar
work done at other installations.

The completion of the various individual volumes of the Series has
also been beset with difficulties. Many of the key authors and editors
have had important responsibilities in planning the future of atomic
energy research. Under these circumstances, the completion of this
technical series has been delayed longer than its editors wished. The
volumes are being released in their present form in the interest of
presenting the material as promptly as possible to those who can
make use of it.

The Editorial Advisory Board






COLUMBIA UNIVERSITY PROJECT FOREWORD

Government-supported research on nuclear energy first occurred
in early 1940 when certain funds made available by the Army, Navy,
and National Bureau of Standards were used for experiments at
Columbia University. The subsequent history of this project as it
expanded in many other universities and industrial laboratories is
told in detail in the Smyth Report. Two of the major programs began
at Columbia University: the uranium-graphite pile reactor and the
gaseous diffusion method of uranium 235 separation.

Lack of sufficient laboratory space at Columbia for the develop-
ment of both programs led to the transfer in the spring of 1942 of the
uranium-graphite reactor program to the University of Chicago. The
program of separation of uranium 235 by gaseous diffusion, and vari-
ous ancillary projects, developed rapidly until not only all available
space in the Columbia University buildings was occupied but, in addi-
tion, an even greater amount of rented space.

The project for the separation of uranium isotopes by gaseous
diffusion was first carried forward through various government con-
tracts under the direction of Harold C. Urey, Professor of Chemistry,
and John R. Dunning, Assistant Professor of Physics. In 1943 the
work was unified under a single contract with the Manhattan Engineer
District with Professor Urey as Director. An account of the research
on the major assignment, the separation of the uranium isotopes, is to
be found elsewhere in the National Nuclear Energy Series. The vol-
umes that this preface introduces deal with the general mathematical
theory of isotope separation, with some new experimental methods of
separating isotopes, with spectroscopic properties of uranium com-
pounds, and with the chemical and physical properties of heavy water
and other deuterium compounds. Most of this work was done at
Columbia, but parts of it were carried on at the National Bureau of
Standards and at The Johns Hopkins University.

George B. Pegram

Chairman, Columbia University Division
of War Research, 1941-1945
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VOLUME PREFACE

The heavy hydrogen isotope, deuterium, is the most generally use-
ful tracer atom now known because of the ease with which it may be
concentrated and analyzed in ¢omparison with other isotopes. From
the time of its discovery in 1931 it has been the subject of a very
large number of papers dealing with its properties and those of its
compounds, it has been used to test numerous theories where mass
effects were suspected, and it has proved to be valuable as a tracer
in chemical and biological reactions.

A bibliography of such research should be welcomed by any worker
involved with isotopes. To those familiar with the field it will serve
as a reminder of what has been done and suggest new experiments
that should be done. To the beginner in isotope research, whether it
be with stable or radioactive nuclear species, no better survey of
past accomplishments can be supplied. The ingenuity, industry, and
achievements of the thousands of investigators, representing every
country where scientific research is pursued, have made this bibli-
ography possible. The many unsolved problems that might be studied
by isotopic methods can be pursued only if we have a secure knowl-
edge of the attainments of the past.

George M. Murphy

Editor-in-Chief, Division Il
National Nuclear Energy Series
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The Manhattan Project Technical Section of the National Nuclear
Energy Series is intended to be a comprehensive account of the sci-
entific and technical achievements of the United States program for
the development of atomic energy. It is not intended to be a detailed
documentary record of the making of any inventions that happen to be
mentioned in it., Therefore, the dates used in the Series should be
regarded as a general temporal frame of reference, rather than as
establishing dates of conception of inventions, of their reduction to
practice, or of occasions of first use. While a reasonable effort has
been made to assign credit fairly in the NNES volumes, this may, in
many cases, be given to a group identified by the name of its leader
rather than to an individual who was an actual inventor.



INTRODUCTION

The following bibliography of research on heavy hydrogen and its
compounds is arranged alphabetically according to the name of the
senior author of each work. The papers by a given author or group of
authors are arranged in chronological order in so far as ascertain-
able. Namesthat are spelled in more than one way are cross-indexed,
as are also coauthors.

Every attempt has been made to obtain a complete record of papers
on the subject, but work on nuclear reactions has not been included
unless other data of interest are reported. Approximately 80 per cent
of the listings were obtained from Chemical Abstracts (January 1932
through December 1945), and the Chemical Abstracts reference has
been included in the bibliography wherever possible. Most of the re-
maining references were derived from a bibliography compiled by
George M. Murphy directly from the published literature between
1932 and 1936. Review papers are so described.

In order to make the bibliography more generally useful for those
interested in a particular type of isotopic research or a special deu-
terated compound, both a Subject Index and a Compound Index have
been supplied. These two indexes when used together should present
a comprehensive picture of the content of each paper.

It will be noted that each entry in the bibliography is identified by a
letter-number symbol and one or more other code letters designating
a particular topic in the subject index. The key to this index is as
follows:

Ab ABUNDANCE OF DEUTERIUM
AbG Geological (Including Petroleum)
AbO Organic

Ad ADSORPTION AND SORPTION
AdG Gases on Solids
AdL Liquid on Solids



An

Ec

Ed

El

Eq

Ge

BIBLIOGRAPHY OF HEAVY HYDROGEN COMPOUNDS

ANALYTICAL METHODS
AnDn  Density Methods
AnEl Optical Rotation
AnMg  Magnetooptic Methods
AnMs  Mass Spectrograph
AnRf Refractive Index
AnTh Thermal Conduction

BIOLOGICAL EFFECTS OF HEAVY WATER
BiB Botanical

BiC Biochemical

BiZ Zoological

CRYSTAL STRUCTURE
CrX X-ray Diffraction

ELECTROCHEMICAL PROPERTIES
EcC Conductivities and Mobilities
EcO Overvoltage

EcP Electrode Potentials
ELECTRON DIFFRACTION

ELECTROMAGNETIC AND OPTICAL PROPERTIES (EXCEPT

SPECTRA)
EICl Color Effects
EID Dielectric Constants and Dipole Moments

E1Gd Gas Discharges

ElMg Magnetic Susceptibility
EIMr Magnetic Rotatory Power
EIRf Refractive Index

ElRo Optical Rotatory Power
ElSc Light Scattering

CHEMICAL EQUILIBRIA

EqG Gaseous

EqH Heterogeneous

Eql Ionic

EqL Liquid and Solution

EqQ Qualitative (Observations)

GENERAL AND REVIEW
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No

Se

INTRODUCTION

DEUTERIUM AS AN INDICATOR OR TRACER
InBi Biological

InKi Reaction Kinetics

InSt Structure Determination

CHEMICAL KINETICS

KiB Biochemical
KiG Gaseous

KiH Heterogeneous
Kil Ionic

KiL Liquid and Solution
KiP Photochemical
KiR Radiochemical

MECHANICAL PROPERTIES

MeAc  Acoustic Properties

MeD Density, Compressibility, and Thermal Expansion
MeDf Diffusion

MeSt Surface Tension

MeV Viscosity

NOMENCLATURE

NUCLEAR PROPERTIES OF DEUTERIUM

NuM Masses and Binding Energies
NuMg  Magnetic Moments

NuR Reactions

NuS Spins

NuSt Statistics

SEPARATION

SeAd Adsorption and Description
SeCf Centrifuging

SeCh Chemical Reaction

SeCr Crystallization

SeDf Diffusion (Including Thermal)
SeDs Distillation

SeEl Electrolysis

SeEm  Electroendosmosis

SeMs Mass Spectrometer
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So SOLUBILITY
SoG Gases in Solids
SoH In H,0, HDO, and DO
So0 In Organic Solvents

Sp SPECTRA AND SPECTROSCOPIC CONSTANTS
SpA Atomic (Line) of Hydrogen and Deuterium
SpEl Molecular Electronic
SpFl1 Fluorescence
SpVi Vibrational (Including Raman)
SpX X-ray

Sy SYNTHESIS AND PREPARATION OF COMPOUNDS

Th THERMODYNAMIC AND RELATED PROPERTIES

ThD Diffusion and Heat Conduction

ThF Thermodynamic Functions for Pure Substances and
Reactions between Them (E, H, F, §, C,, C,, AE,
AH, etc.)

ThP Phase Equilibria (Melting Points, Boiling Points, Va-
por Pressures, etc., Including Heats)

ThSo Properties of Solutions (Heats of Dilution, Vapor Pres-
sures of Solutions, Activities, Fugaci‘ties)

On consulting one of these topics in the Subject Index, each perti-
nent piper may then be found by the letter-number symbols there
listed.

In preparing the Compound Index, the nomenclature used in Lange’s
‘‘Handbook of Chemistry’’ was followed. Where this nomenclature
resulted in an uncommon name for a familiar compound, both names
have been given. For exchange reactions with water and the use of
water as a solvent, no listing under Water has been made in the Com-
pound Index. Such research may be found by consulting appropriate
sections of the Subject Index. Other substances used as solvents are
indicated by (s) following the reference number. Also omitted from
the Compound Index are Hydrogen and Water where the subjects in-
volved are: Abundance, Analytical Methods, Biological Effects (ex-
cept Biochemical), General and Review, Nomenclature, Nuclear
Properties, Separation, Atomic Spectra. In these cases, too, the Sub-
ject Index must be consulted.

Aid in compiling the bibliography was given by Max Metlay, Thomas
Crowell, Herschel Markowitz, Samuel Millman, and Mary B. Allen.
The difficult task of typing the manuscript was done by Ivy Bracking
and Hortense Janofsky.



Section 1

ALPHABETICAL LISTING BY AUTHOR

ABADIE, P., and CHAMPETIER, G.
(A-1) Dielectric properties of heavy water. Compt. rend., 200:
1590-1593 (1935); C.A., 29: 4643. EqQ, EID

ABE, S.

(A-2) The homogeneous isotopic interchange reaction between hy-
drogen and a solution of alkali in heavy water. Sci. Pa-
pers Inst. Phys. Chem. Research Tokyo, 38: 287-297
(1941); C.A., 35: 6177. KiL

See also OKAMOTO, G.

ABEL, E., BRATU, E., and REDLICH, O.

(A-3) Preliminary report on the electrolytic dissociation of heavy
water, Z. physik. Chem., A170: 153 (1934); C.A., 28:
7118. Eql, EqQL

(A-4) The electrolytic dissociation of heavy water. Z. physik.
Chem., A173: 353-364 (1935); C.A., 29: 7761. EcP, Eql

ABEL, E., and FABIAN, F.

(A-5) Conductivity and hydrolysis of bromine in D,0. Reaction ve-
locity of BrOs~ + DI. Wien. Chem. Ztg., 40: 26 (1937);
C.A., 31: 2073. EcC, Eql

(A-6) Kinetics of the halogenate-halide reaction in heavy water,
Monatsh., 71: 153-154 (1938); C.A., 32: 3686. KiL

(A-17) Some halogen equilibria in heavy water., Monatsh., 71: 241-
250 (1938); C.A., 32: 4055. EqL, SoH

ABEL, E., and REDLICH, O.
(A-8) The standard potential of deuterium. Z. Elektrochem., 44:
204-205 (1938); C.A., 32: 4084. EcP, Eq

5
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ABEL, E., REDLICH, O., and STRICKS, W.

(A-9) Iodine-ion catalysis of hydrogen peroxide in heavy water,
Naturwissenschaften, 22: 525 (1934); C.A., 29: 671, EqL

(A-10) TIodide catalysis of deuterium peroxide (hydrogen peroxide-
d;). Monatsh., 65: 380-385 (1935); C.A., 29: 5729. EqL

ADAMS, R.
See also LEFFLER, M. T.; McGREW, F. C.; McLEAN, A.

ADAMS, R., and TARBELL, D.S.

(A-11) Attempted resolution of phenyl-d,-phenylaminomethane. J.
Am. Chem. Soc., 60: 1260-1262 (1938); C.A., 32: 4961.
El1Ro, MeD, ThPh

ADEL, A,

(A-12) The grating infrared solar spectrum. I. Rotational structure
of the heavy water (HDO) band v, at 7.12 u. Astrophys.
J., 93: 506-509 (1941); C.A., 35: 4681. SpVi

ADEL, A., and BARKER, E. F.

(A-13) The vibrational energy level system of the linear molecule
HCN. Phys. Rev., 45: 277-279 (1934); C.A., 28: 2997.
SpVi

ADICKES, F.

(A-14) Organic compounds with heavy hydrogen. A comprehensive
literature review. Angew. Chem., 51: 89-93 (1938); C.A.,
32: 4139. EIRo, Sy

AHLBERG, J.E,
See LORD, R.C., Jr.

AKABORI, H., et al.

(A-15) Separation of isotopes by thermal diffusion. I. Preliminary
test of the separation column. Proc. Phys. Math. Soc.
Japan, 23: 590-598 (1941); C.A., 36: 333. SeDf

ALEKSANDROVICH, V. A.
(A-16) Production of heavy water. Novosti Tekhniki, 26-27: 50-51
(1939); C.A., 34: 4671. SeEl

ALEKSANDROVICH, V. A.
See also BRODSKII, A. 1.
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ALEKSANDROVICH, V. A., and SHELUD’KO, M. K.
(A-17) Preparation of heavy water. J. Applied Chem. U.S.S.R., 13:
483-498 (1940); C.A., 35: 981. SeEl

ALEXANDER, W. A.
See also STEACIE, E.W.R.

ALEXANDER, W. A., and MUNRO, L. A.
(A-18) Note on isotopes in snow and rain water. Can. J. Research,
14B: 47 (1936); C.A., 30: 2484. ADbG

ALKHAZOV, D., and MURIN, A.N.

(A-19) Method of separation of isotopes by means of the linear ac-
celerator. Compt. rend. acad. sci. U.R.S.S., 30: 204-205
(1941); C.A., 35: 7825. SeMs

ALLEN, E.
See BARBOUR, H.G.

ALLISON, F.
(A-20) TheHisotopes by the magnetooptic method (title only). Phys.
Rev., 44: 314 (1933). AnMg

ALYEA, H.N.
See FROST, A.A.

AMDUR, I.

(A-21) The viscosity of deuterium. J. Am.Chem. Soc., 57: 588-589
(1935). MeV

(A-22) Recombination of hydrogen atoms. II. Relative recombina-
tion rates of atomic hydrogen and atomic deuterium. J.
Am. Chem. Soc., 57: 856-858 (1935); C.A., 29: 4225. KiG

(A-23) Visocosity and diffusion coefficients of atomic hydrogen and
atomic deuterium. J. Chem. Phys., 4: 339-343 (1936);
C.A., 30: 5091. MeV, ThD

ANANTHAKRISHNAN, R.

(A-24) The Raman spectrum of heavy water. Proc. Indian Acad.
Sci., 2A: 291-302 (1935); C.A., 30: 682. SpVi

(A-25) Raman spectrum of heavy water. Nature, 136: 551-552
(1935); C.A., 29: 7799. SpVi

(A-26) Polarization of the Raman bands of water and deuterium ox-
ide. Proc. Indian Acad. Sci., 3A: 201-205 (1936); C.A.,
30: 5126. SpVi
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ANANTHAKRISHNAN, R. (Continued)

(A-27) Raman spectra of crystal powders. III. Exchange reactions;
ammonium chloride and deuterium oxide. Proc. Indian
Acad. Sci., 5A: 175-184 (1937); C.A., 31: 4206. EqL, SpVi,

Sy

ANCHEL, M., and SCHOENHEIMER, R.

(A-28) Deuterium as an indicator in the study of intermediary me-
tabolism. XV. Further studies in coprosterol formation,
The use of compounds containing labile deuterium for bio-
logical experiments. J. Biol. Chem., 125: 23-31 (1938);
C.A., 32: 7985. InBi

ANDERSON, 1. S.
See also JAMES, F. W.

ANDERSON, J. S., BRISCOE, H. V. A.,, COBB, L. H.,, and SPOOR,
N.L.

(A-29) Interchange of hydrogen isotopes with complex salts. II.
Kinetics of the interchange with platinous and palladous
tetrammines. J. Chem. Soc., 1943: 367-372; C.A., 37:
6528. KiL

ANDERSON, J.S., BRISCOE, H. V. A., and SPOOR, N. L.

(A-30) Interchange of hydrogen isotopes with complex salts. I. Ki-
netics of the interchange with the luteocobaltic complex.
J. Chem. Soc., 1943: 361-367; C.A., 37: 6528. KiL

ANDERSON, J. S., PURCELL, R. H., PEARSON, T. G., KING, A.,
JAMES, F.W., EMELEUS, H.J., and BRISCOE, H. V. A,

(A-31) A microflotation method for the precise comparisonof liquid
densities and its applicationto a preliminary investigation
of the distribution of heavy water in certain salt hydrates
and to other matters. J. Chem. Soc., 1937: 1492-1501;
C.A., 32: 405. AnDn

ANDERSON, J.S., SPOOR, N. L., and BRISCOE, H. V. A.

(A-32) A possible acid dissociation of metal-ammonia ions and its
bearing on certain reactions. Nature, 139: 508 (1937);
C.A., 31: 3805. KiL

ANDERSON, L. C.
See also BATES, J.R.; HALFORD, J.O.
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ANDERSON, L. C., HALFORD, J.O., and BATES, J.R.
(A-33) Continuous-flow methods of concentrating deuterium. J.
Chem. Phys., 2: 342-344 (1934); C.A., 28: 5328. SeEl

ANDERSON, L.C., and MacNAUGHTON, N. W,

(A-34) Mechanism of the catalytic reduction of some carbonyl com-
pounds. J. Am. Chem. Soc., 64: 1456-1459 (1942); C.A.,
36: 4477. InKi, KiH

ANDERSON, R.S., and HARVEY, E.N.
(A-35) The effect of deuterium oxide on the luminescence of lucif-
erin, J. Cellular Comp. Physiol., 5: 249-253 (1934). KiB

ANDERSON, T.F., and YOST, D. M.
(A-36) Raman spectrum of deuterium., J. Chem, Phys., 3: 242-243
(1935); C.A., 29: 3603. SpVi

ANDO, S.
See ISHIKAWA, F.

ANDREWS, D. H.
See LORD, R.C., Jr.; MURRAY, J.W.; ZIEGLER, W.T.

ANGUS, W. R., BAILEY, C. R., GLEAVE, J. L., LECKIE, A. H.,
RAISIN, C.G., WILSON, C. L., and INGOLD, C.K.

(A-37) Ramanspectra of deuteriobenzenes and the structure of ben-
zene, Nature, 135:1033-1034 (1935); C.A.,29: 6143. SpVi

ANGUS, W.R., BAILEY, C.R., HALE, J. B., INGOLD, C.K., LECKIE,
A.H., RAISIN, C. G.,, THOMPSON, J.W., and WILSON,
C. L.
(A-38) Structure of benzene. VII. Discussion of coincidental fre-
quencies in the infrared and Raman spectra of benzene
‘and hexadeuterio benzene (benzene-d,). J. Chem. Soc.,
1936: 966-971; C.A., 30: 7035. SpVi
(A-39) Structure of benzene. VIII. Assignment of vibration fre-
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