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Our somewhat higher m. p. need not be inter-
preted, however, as indicating any greater purity,
for at high temperatures a difference of 3° is not
serious, and our analytical results do not justify
any such claim.
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ADDITION COMPOUNDS OF ZINC, CADMIUM,
COBALT AND NICKEL HALIDES WITH 1,4-DIOXANE
Sir:

In a recent paper [THIS JOURNAL, 62, 3522
(1940)] R. Juhasz and L. F. Yntema describe a
series of ‘‘Addition Compounds of Zinc, Cad-
mium, Cobalt and Nickel Halides with 1,4-Di-
oxane.” The great majority of these I prepared
already some years ago (H. Rheinboldt, A. Luy-
ken and H. Schmittmann, J. prakt. Chem., 149,
30-54 (1937); C. A., 31, 6615 (1937)), 4. e., the
compounds: ZnCly-2(C4H30:), ZnBry 2(CH;0s),
ZIlIz'z(C,;HgOz), CdC12~(C4H802), CdBr2~(C4H802),
CdIz'(C4H802), COCIg'(C4H802), COBI2'2(C4H802),
C012'2(C4H802) and NiIz'g(C4H802).

Besides we described other compounds which
belong to the same series: Coly4(CH;zOy),
N1C122(C4H802) and NlBI‘zg(C,;HgOz)

Further on we described addition compounds
of dioxane with certain metal halides: CaCl,,
CaBr,, Caly, SrBry, Srl,, Bal,, MgCl,, MgBr,,
Mgl,, HgCly, HgBr;, Hgly, Hg(CN),, Hg(CNS),,
CuCly, CuBr;, SnCl,, SnBry;, MnCl,, MnBrs,
MIlIz, FeClg, FeBrz, Felz.

In a previous publication (J. prakt. Chem., 148,
81-87 (1937); C. 4., 31,4321 (1937)) we described
dioxanates of LiCl, LiBr, Lil, Nal, KI and NH,I.
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H. RHEINBOLDT

COMPOUNDS OF 1,4-DIOXANE WITH METAL
HALIDES
Sir:

In a list of “New Compounds” of zinc, cad-
mium, cobalt and nickel halides with 1,4-dioxane
(THIS JOURNAL, 62, 3522 (1940)) that had been
prepared in this Laboratory (Thesis, St. Louis
University, (1934)), there were included a number
described by Rheinboldt, Luyken and Schmitt-
mann (J. prakt. Chem., 149, 30 (1937)). The
compounds that should have been reported are
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as follows (R = 1,4-dioxane): ZnCly'R, CdCly:
1/,R, Col»-3R, ColyR-2H;0, Col»R-4H,0O, Ni-
Cly'R and NiBrs'R.

The writer is glad to make this correction and
assumes responsibility for the error.

DEPARTMENT OF CHEMISTRY
S1. Louis UNIVERSITY
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L. F. YNTEMA

THE THERMAL DECOMPOSITION OF
ACETALDEHYDE
Sir:

It is known that reaction chains may be in-
duced in the thermal decomposition of acetalde-
hyde by the addition of small amounts of oxygen
or other materials, but whether pure acetaldehyde
decomposes thermally by a chain mechanism is
still a matter of controversy. Recently, Burton,
Ricci and Davis [THIS JOURNAL, 62, 265 (1940)],
employing the Paneth technique with radioactive
lead, have obtained some positive evidence for
radical chains in the thermal reaction. Their
work is open to two objections. (1) Even the
slightest trace of impurity, for example 0.0019
oxygen [Letort, J. chim. phys., 34, 428 (1937)]
would have initiated reaction chains and thus led
to a positive result for their experiments. (2)
The experiments could not determine what frac-
tion of the acetaldehyde was decomposing by way
of the chains. '

A method which seemed to offer better possi-
bilities for deciding this question was to decom-
pose mixtures of acetaldehyde and acetaldehyde-
ds. If a chain reaction occurred, such processes
as the following would take place

CH;CHO —> CH; + CHO
CD;CDO —> CD; + CDO

CH; + CD;CDO ~—» CH;D + CD;CO
CD; + CH;CHO —> CD;H + CH;CO

and the methanes produced in the reaction would
be mixed as to deuterium content. On the other
hand, if the reaction were intramolecular, only
CH, and CD, would be formed. Since Benedict,
Morikawa, Barnes and Taylor [J. Chem. Physics,
5, 1 (1937)] have shown that methane and the
deuteromethanes may be identified and deter-

mined by their infrared spectra, one should be

able to evaluate these alternatives through an
infrared examination of the products formed in the
above experiment.
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This has now been carried out. Three hun-
dred millimeters of an equimolecular mixture of
acetaldehyde and acetaldehyde-ds (99.5%, from
Norway) has been decomposed at 535° and the
products submitted to infrared examination on the
instrument in this Laboratory [Gershinowitz and
Wilson, J. Chem. Physics, 6, 197 (1938)]. For
comparison purposes a similar sample with 0.049,
added oxygen was decomposed at 435° and ana-
lyzed in the same way. The results show clearly
that in the case of the pure acetaldehydes there is
very slight absorption in the regions of charac-
teristic CD;H and CH;3D frequencies (1100-1300
cm.~?, 2205 cm.~'), whereas there is very pro-
nounced absorption in these same regions for the
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mixture to which the trace of oxygen had been
added.

These findings demonstrate that there is little
or no mixing of the hydrogen and deuterium in the
methanes during the thermal decomposition of the
acetaldehydes, and therefore that the decomposi-
tion must proceed substantially by a molecular
mechanism. A preliminary estimate indicates
that a minimum of 809, and possibly 1009, of the
reaction undergoes molecular decomposition.

The experimental details and infrared plates will
be presented in a later paper.
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NEW BOOKS

Free Radicals as Intermediate Steps in the Oxidation of
Organic Compounds. Volume XL, Art. 2, pages 37-132
of the Annals of the New York Academy of Sciences.
By L. Farkas, ManUEL H. GorIN, L. MIcHAELIS, OTTO
H. MULLER, MAXWELL SCHUBERT, and G. W. WHELAND.
The New York Academy of Sciences, care of the Ameri-
can Museum of Natural History, New York, N. Y., 1940.
96 pp. Illustrated. 15.5 X 23.5 cm. Price, $1.25.
This monograph is one of several, which, if purchased as
a set, may be had at a reduced price.

This volume of six papers, presented at a conference of
the Physics and Chemistry section of the New York Acad-
emy of Sciences in November, 1939, represents an excellent
review of our current knowledge in the field of semiqui-
nones. The title is misleading, however, for the roles of
“ordinary”’ free radicals and semiquinones in organic re-
action kinetics are only occasionally touched upon.

The paper by Michaelis, the leader in this field, occupies
over one-third of the volume. It gives a broad presenta-
tion of the definitive studies that have been carried out in
his laboratory together with a detailed presentation of the
important principles involved. Twenty figures of experi-
mental data are given and the paper is accompanied by a
complete bibliography of 53 titles with the subject matter
of each reference indicated. This article is undoubtedly
the best review available on the existence of semiquinones,
their equilibria with the reduced and oxidized forms and
the dimeric meriquinones, their detection by potentio-
metric, magnetometric, and spectrophotometric methods;
and the role of resonance in determining their stability.
Michaelis presents the challenging thesis that every (or-
ganic) oxidation can proceed only in steps of univalent oxi-
dation.

In an interesting paper Schubert explores the analogy
between electron and proton removal from organic com-
pounds, Cases of apparent simultaneous ejection of two
protons are rare, but fairly clear-cut examples in titrations
of N-alkyl thiazolium and pyridinium compounds are dis-
cussed. Reference is made to the significant studies of
Schwarzenbach on the state of ionization, symmetry, and
resonance of dyestuff molecules; it is regrettable that prac-
tically no work has been done along these lines with the
semiquinones themselves.

Miiller discusses in detail the possibilities of the polaro-
graph in studying semiquinone formation and supports
the theories with experimental examples. This technique
offers good prospects for extending the potential range into
the overvoltage field and for studying systems incompletely
reversible. Farkas considers the experimental feasibility
of determining the presence of small concentrations of
semiquinones by the measurement of the rate of conversion
of para-hydrogen to equilibrium hydrogen. This method
should give estimates of the semiquinone formation con-
stant %2 when it is considerably less than the present lower
limit of measurement of 0.01, corresponding to about 5%
of dyestuff in semiquinone form.

Free radicals are discussed in two papers. Gorin evalu-
ates the standard free energy of the free radical HO; in
aqueous solution as —38.5 keal. and that of O;~ as 9.5 kcal.
from estimations of the strengths of electron-pair and three-
electron bonds between oxygen atoms. These values, §
keal. below the estimates in use derived from kinetic rea-
soning, are of great importance in interpreting the kinetics
of oxygen and peroxide reactions. Wheland reviews
qualitatively the calculation of the stability of hydrocarbon
free radicals; mathematical difficulties have so far pre-



