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rent research in this area. In additiou, it has a definite
“how to do it’’ flavor; there are nuinerous examples to
illustrate the working of the theory and a whole chapter on
methods of solviug the secular determinant from which the
vibratioual frequencies of a molecule are calculated. A
complete sample analysis of tlie benzene molecule is given.
It is, therefore, a book which should certainly be in the
hands of every student beginniug work in molecular spec-
troscopy.

The main criticism of this excellent work is that the
chosen subject is in some ways too narrowly limited. The
analysis is formal and very little attempt is made to give
physical feeling for the problems. Furthermore, very little
consideration is given to the problem of proceeding from
observed spectra to the calculations. Siuce in spectra the
inolecular vibrations always occur in vibratiou-rotation
bands, it may be impossible to assigi these bands correctly
or even to obtain the correct vibrational frequencies without
understanding the rotational finte structure. In this connec-
tion a comparison with Herzberg’s well known book is
inevitable. Fortunately, tlie two are valuable supplemneuts
to eacli other, the present work giving a clearer and more
comprehensive treatment of the problems of symmetry and
vibrations, Herzberg giving a broader view of tlie problems
of infrared and Raman spectra.

Both of these books suffer from a lack of discussion of the
principles involved in the interpretation of tlie spectra of
molecules whicli are too large or comnplicated to be treated
formally. Such a discussion does not yet seein to be avail-
able anywlere in the literature, vet most published spectra
are in this category, and this lack may decrease the value of
tliis book to ‘‘practical’’ spectroscopists.

Nevertheless, this is a masterful presentation of the prob-
lem of niolecular vibrations aud the utilization of syinmetry
through group tlicory. It shiould be ou the reference shelf
of every molecular spectroscopist aud ought to be required
reading for auyone beginning to use molecular spectra.
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Gas Kinetics. An Introduction to the Kinetics of Homo-
geneous Gas Reactions. By A. F. TROTMAN-DICKENSON,
Lecturer i Physical Chemnistry in the University of
Ediunburgh. Academic Press, Inc., Publishers, 125 East
23rd Street, New York 10, N. Y. 1935. x + 322 pp.
14.5 X 22 cm1.  Price, $8.00.

In the present unsatisfactory state of reaction kinetics,
the preparation of a short suinmary is a thankless task.
We must, of course, have books, even thougl we have not
learned enough to produce good ounes. It is important to
recoguize this basic fact before we cousider liow the volume
uuder review disappoints our liopes.

The title provides an inaccurate guide to its couteuts,
which are better fore-shadowed by the Preface: “Investi-
gations in chemical kinetics are undertaken for many
reasons, ainong others, to discover the mechanism of a
reaction, to find the best conditions for a synthesis or to
determine bond dissociation euergies, This book, liowever,
is not primarily concerned with auy of tliese topics, ratlier
the tuvestigations tlhiat are discussed liave been selected
because they throw liglit on the fundaniental question of
wliy elementary reactions occur at the rate thiey do.”’ As
a consequence of this attitude, the author is content to
devotc five lines to the livdrogen-oxygen reaction, and four
to the oxidation of livdrocarbons, while comnpletely ignoring
tlie fascinating subject of explosion linits, Tliere is also a
more serious consequence, i that tlhie author gives the
imnpression of lwurrying through tlie mechanistic com-
plexities of tlie reactions he discusses to reach the precious
core of iuformation on elementary reactions. While the
basic work on some sketchily prescuted reactions appears
sound, other reactions with higlily speculative mechanisms
receive similar treatment. This attitude will encourage
errors in the initial researclies of the advainced under-
graduate-—begiuning graduate group to whieh the book is
directed.

This criticisin may  be ilustrated by the diseussion
(pp. 147-140) of the decomposition of 1.2«dicliloroethance,
both alone aud inliibited by propylene. The chain wecha-

Boox REVIEWS

1519

nisin given for tlie uninlibited reaction depeuds upou a
terminatiou step

Cl + GH/Cl = GH;C 4+ 1A

whiclt must occur to the substautial exclusion of all otlier
termination steps between the three radicals Cl, C.H,Cl
and C:H;Cl;. The mechanism for thie inhibited reaction
depends upon tlie steps

C.H,;Cl, + CH¢ = C:HH,Cl; + C;H;
C.H,C! + C;Hs = C:H;C1 4+ CH;
being domninaut over
Cl 4+ C;H¢ = HC1 4+ C;H,

It seems improbable that clilorine atomns can assume such
varied importauce as a cliain-breaking reactant in the two
regious, The autlior totally iguores the existence of these
problems. The serious student will be furthier confused by
the occurrence of three niajor inisprints inn the steady-state
equation (p. 148).

The author has embraced recent work of N. 13, Slater on
unimolecular reactions as represeuting a uttiquely realistic
theory of tliese processes, His enthusiasut in this matter
must be soutewhat surprising to Stater limself, who is still
wrestling witll the matliematical problams involved in
development of his tlieory. For example. tlie first quantun
theory treatnient was published after the book under review
lilad gone to press, Tlie physical problems in obtaining
structure data needed to make full use of the Slater theory
are perhiaps even more diflicult. The pioneer theories of
unimolecular reaction, which were developed nearly 50
vears ago, at a time wlien information on energy levels of
polyvatomic uiolecules was  virtually rnonexistent, elicit
geutle mockery. Yet tliese theories were {rankly buased o a
simplified model, witlh a small number of empirical pa-
rameters being used to summarize the relevant information
i1 scores of unknown vibration frequencies and traumsition
probabilities, and the more onc accepts the Slater theory as
represetiting ultimate reality, tlie nmore he must be impressed
with tlie nerit of tlie early intuitive model.

It is embarrassing to discuss these persoual matters, but
vour reviewer feels stronugly that good models and simiple
calculations can still contribute vitally to the progress of
cliemistry aund physics. 1 all past ages, David has com-
peted with Goliatli. Shall we now tell our students that the
chemnist witli only a pencil must ackmowledge as master
the wave equation witlh an [.B.M. machine?
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Boltzmann’s Distribution Law. By E. A, GUGGENHEIM,
AM.A, Sc.D., F.R.S., Professor of Chemistry i the
University of Reading. Interscience Publishers, luc., 250
Fifth Avenue, New York 1, N. Y. 1035, 61 pp. 125 X
18.5 cm. Price, $1.50.

This excellent little booklet furnislies two liours interest-
ing and thought provokiug reading for the expert, or five
times this much serious study for the undergraduate novice.
The contents derive tlie mechanistic basis for many of the
simpler laws of physical chemistry. The author says in the
preface that for eiglit vears lie has hoped that it might be
written by somneone more experienced than he is i1 elemen-
tary teaching, but that lie had now lost this hope. To this
reviewer, at least, it appears very doubtful that one more
experienced in elementary teaching could have done better.
Sinice the reviewer has also long shured the conviction tlat
the elemeutary laws of pliysical chiemistry are miost siimply
understood in terms of the mechanism of interaction of mote-
cules, lie was prejudiced to upprove the book after reading
the preface. This hope was 1ot disappoiunted by the text.

The first chapter presents the elementary facts of quan-
tum thieory, namnely, that there exist quantum states of
molecules of discrete energy, and that tliese are spaced by
the Bolir relution. Tlie examples of the particle 111 a box
and of the hiarmonic oscillator are discussed in detaif.  1n
tlie second chapter the concept of tamperature 1~ itrovinedd
and the statement of the Boltzimmann distribution biw s
made that the relative muanbers of mintecules 1 two quan-
tum states is given by exp —AE/k 7. Trom ithere on the
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development is one of logical deduction without pretense of
excessive mathematical rigor. The partition function is
introduced and the properties of the monatomic perfect gas
derived. The free energy (Helmholz) is defined in terms of
the partition function, and its properties and usefulness
denyed and discussed. Equilibrium and the equipartition
of kmghc energy are the subjects of the next two chapters.
The simple crystal, the ideal diatomic gas, phase equilib-
rium, dielectric constant of a gas, and chemical equilib-
rium are then taken up, and the book finishes with a short
chapter on Fermi-Dirac and Bose-Einstein distributions.

The author assumes a knowledge of elementary calculus
on the part of the student, and as much knowledge of phys-
ics and chemistry as might be held by a bright high school
graduate, or a more average student who has had freshman
courses in these two subjects.

It is inevitable that a reviewer well acquainted with the
field should contemplate how he himself would have pre-
sented the material, and where he feels that the author had
made an omission of logical step, or a mistake in emphasis.
In the first chapter the reviewer would have preferred to
state the conservation of mechanical energy, potential plus
kinetic, as a consequence of the fact that no frictional forces
exist on a molecular scale, rather than as a consequence of
the Newtonian Laws, which it is not. So also the deriva-
tion of the equipartition of kinetic energy seemed to this
reviewer to omit one important and necessary step in view
of the knowledge expected of the student. It does not follow
from the quadratic dependence of the kinetic energy on the
velocities, but on the quadratic dependence on momenta.
The one example of Guggenheim presutnption in the book,
the assertion that there is no ground for the statement that
thermal expansion depends on non-harmonic terms in the vi-
brations, seems to be gratuitous. Although Guggenheim has
cleverly, and quite rightly, avoided discussing the non-
harmonic terms, his tacit assutnption of a dependence of fre-
quency on volume in the crystal requires the existence of
such terms. This reviewer would have justified the use of
the logarithm of the largest term of a sum of positive terms
for the logarithm of the sum by comparing numerically the
logarithm of the number of terms with that of the largest
term. However, the admirable brevity and conciseness of
such a meaty, and truly tiny book, requires that steps which
some might consider essential must be omitted, or treated
extremely shortly.
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Catalysis. Volume III. Hydrogenation and Dehydrogena-
tion. Edited by PauL H. EmMeTT, Gulf Research and
Development Company’s Multiple Fellowship, Mellon
Institute, Pittsburgh, Pennsylvania. Reinhold Publish-
ing Corporation, 430 Park Avenue, New York 22, N. Y.
1955. vii 4+ 504 pp. 16 X 23.5cm. Price, $12.00.

The third volume of this treatise on *‘Catalysis’’ passes
from the realm of basic underlying theory treated in the first
two volumes to particular catalytic reactions. Hydrogena-
tion and dehydrogenation reactions are the processes here
reviewed. The choice is a logical one since it includes reac-
tions which have been the objective of the most intensive
study in the recent scientific development of catalytic re-
search. This arose from the great technical importance of
ammonia synthesis, the production of methanol, the hydro-
genation of fats and of hydrocarbons with dehydrogenation
of the latter from petroleum sources to yield butadiene and
styrene as raw materials for synthetic rubbers. Further-
more, the hydrogen—deuterium exchange, the hydrogenation
of isotopic hydrogen, whose study became possible early in
the 1930’s, made possible for the first time studies of the
action of a catalyst surface in opening up the bonds of a
chemical molecule. What was thus begun with H-H and
D-D bonds has been extended to C-H, N-H, C-C and N-N
bonds and the list is lengthening yearly both with respect to
bonds and the surfaces which activate them,

The authors selected, including veterans such as Franken-
burg and Natta and younger workers such as Eley, Trapnell,
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Bond and a group of Dutch workers, guarantee an approach
to the problems with both authority and fresh outlook.
Trapuell’s initial chapter on parahydrogen conversion and
hydrogen—~deuterium exchange while very nearly exhaustive
in coverage is not conclusive even in this the simplest case of
bond activation. Bokhoven and his colleagues in Holland
reviewing the research on ammonia synthesis since 1940
themselves reach a similar conclusion, admiration for
ingenuity displayed and inability to provide ‘‘an unambigu-
ous answer to the questions facing us’’ . . . but with ‘‘a few
bright spots’’ . . . an increase in our understanding of funda-
mentals, but ““many problems are still unsolved’’ and ‘““many
new problems have arisen,’”’ Natta is somewhat more opti-
mistic concerning methanol synthesis. Kearby gives a very
revealing analysis of a phenomenal technical development of
World War IT which made possible butadiene production in
partial vacuum-type systems and the alternative of butene
dehydrogenation in presence of diluent steam. It was an
incalculably vital contribution to the war effort at a critical
period. In the hydrogenation of unsaturated hydrocarbons,
Eley on ethylene and Bond on acetylenic compounds give
excellent surveys of the basic science while Corson and Feuge
take up the practical problems with olefinic hydrocarbons
and glycerides, respectively. In these latter cases selec-
tivity is a practically important and theoretically bafiling
problem. So there are still problems for the neophytes
even in these well-tilled areas of catalytic science.
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