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The Thermal Decomposition of Acetaldehyde 

BY J. CARRELL MORRIS 

Recent studies on the mechanism of the thermal 
decomposition of acetaldehyde into carbon mon­
oxide and methane have indicated that the reac­
tion proceeds, at least in part, by means of a 
reaction chain involving free radicals. Thus 
Burton, Ricci and Davis1 were able to demon­
strate that radio-lead was transported in a 
Paneth-type experiment in which acetaldehyde 
was decomposed under normal conditions. This 
undoubtedly showed the presence of free radicals 
in their experiments. Rice and Polly2 and later, 
in a more extensive fashion, Smith and Hinshel-
wood3 found that the normal thermal decomposi­
tion was inhibited by the addition of propylene to 
the gaseous acetaldehyde in the reaction vessel. 
These studies on inhibition, generally considered a 
very reliable test for the detection of radical chain 
reactions, led to an estimate that a minimum of 
about 2/a of the reaction occurred by means of 
free-radical chains. 

In an attempt to confirm this conclusion and 
perhaps to check on more detailed phases of the 
mechanism of the reaction a somewhat different 
approach to the problem was devised. Mixtures 
of ordinary acetaldehyde and acetaldehyde-^ 
were allowed to decompose together and the re­
sulting products were analyzed as to the isotopic 
composition of the methanes formed. 

Such a determination might be expected to give 
a rather intimate knowledge of actual processes 
occurring in the reaction. For, if the decomposi­
tion were an intramolecular one, then the CH3-
CHO could give just CH4 and CO, while CD3CDO 
would yield only CD4 and CO. Consequently, if 
this mechanism were operative, the analysis 
should show none of the partially deuterated 
methanes. If the decomposition were a bimolecu-
lar one, then reactions of the type 
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should occur, yielding CD 3H and CH 3 D as well as 
CH4 and CD4 . One would not anticipate finding 

(1) M. Burton, J. E. Ricci and T. W. Davis, T H I S JOURNAL, 62, 
265 (1940). 

(2) F. O. Rice and O. L. Polly, J. Chem. Phys., 6, 273 (1938). 
(3) T. R. E. Smith and C. N. Hinshelwood, Proc. Roy. Soc. (Lon­

don). A180. 237 (1942). 

CH2D2, however. In the third plausible case, if 
the reaction took place by a chain mechanism, 
processes of the type 

CH3 + CD3CDO = CH8D + CD8 + CO 
CD3 + CH3CHO = CD8H + CH8 + CO 

would be expected to produce CDSH and CH3D 
and perhaps also CH2D2, if the reactions were more 
complicated than those illustrated. 

So, while it might not be possible by this method 
to distinguish between the latter two possibilities, 
such an analysis should certainly provide evi­
dence differentiating the first possibility from the 
other two. 

Benedict, Morikawa, Barnes and Taylor4 have 
shown that such mixtures of the isotopic methanes 
may be analyzed readily by means of their infra­
red spectra. In particular, the absorption in the 
range 1000-1500 cm. - 1 is very characteristic of 
the particular isotopic methanes present in a 
mixture and their relative proportions. In the 
present study this method of analysis was fol­
lowed by measuring the infrared absorption over 
the range 1000-1500 cm. - 1 of the samples of gas 
obtained from the decomposition of the mixtures 
of acetaldehyde and acetaldehyde-^. The re­
sults obtained led to the conclusion that the ther­
mal decomposition of such mixtures produced 
CH4 and CD4 almost exclusively.6 This is definite 
evidence that, contrary to the findings of previ­
ous authors,1'2'3 the decomposition of acetalde­
hyde proceeds mainly by a unimolecular mecha­
nism. 

Confirmation for this point of view was ob­
tained by an analysis of data on the absolute rate 
of the thermal decomposition of acetaldehyde. 
During the course of the present research it was 
noted that the rate of decomposition of "pure" 
acetaldehyde was materially decreased if the 
aldehyde were treated with hydroquinone and 
freshly distilled from it before use. The rates 
found after such treatment were considerably 
lower than the "normal" rates of Smith6 or of 
Smith and Hinshelwood3 and approached the 
"inhibited" rates found by the latter authors. A 
reasonable conclusion is that the positive indica­
tions of a chain reaction found in this decomposi­
tion were caused by a superimposed induced proc­
ess initiated by an impurity. 

(4) W. S. Benedict, K. Morikawa, R. B. Barnes and H. S, Taylor 
J. Chem. Phys., B, 1 (1937). 

(5) J. C. Morris, THIS JOURNAL, S3, 2535 (1941). 
(6) R. E. Smith, Trans. Faraday Soc. 35, 1328 (1939). 
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Experimental.—The acetaldehyde was an Eastman 
Kodak Co. product which was purified further by several 
distillations in the vacuum system from baths at 0° to 
baths at —80°. During the series of distillations the acet­
aldehyde was several times outgassed by causing ebullition 
while the bulb containing the liquid was connected directly 
to the vacuum pump. In addition the aldehyde was twice 
frozen in liquid air and pumped out to 10~6 mm. to remove 
any final traces of oxygen, which is known to accelerate the 
reaction.7 Attempts to purify the acetaldehyde by dis­
tillation from a dry-ice bath to a liquid-air bath were 
unsuccessful because of the formation of the white, solid 
polymer which has been observed before under the same 
conditions.8 The vapor pressure of the final material at 0° 
checked that given in the literature9 within a few mm. 
and remained substantially constant during the use of 80% 
of the liquid. This material is called the "untreated" 
sample. 

A portion of the above sample was further purified by 
distilling it into a bulb containing some solid hydroquinone 
crystals and allowing it to remain there for several days. 
It was then distilled off from the hydroquinone in small 
samples just before use. This latter is called the " treated'' 
sample and gave a rate of decomposition only one-half to 
one-third as great as the previous material. 

The deuteroacetaldehyde came from two sources. First 
runs were made on a sample prepared from C2D2 and DaO 
by slight modification of the method of Zanetti and Sick-
man,10 while later a quantity of 99.5% deuteroacetaldehyde 
was purchased from Norsk Hydro. Each was subjected 
to the same purification procedure as the CH3CHO, the 
final samples having a vapor pressure at 0° which checked 
that given by Zanetti and Sickman.10 Both samples were 
shown to contain better than 99% C—D bonds by means 
of their infrared absorption spectra.11 

With the deuteroacetaldehyde also subsequent treat­
ment with hydroquinone was found to give a sample which 
decomposed more slowly than the untreated sample, but 
the decrease in this case was not nearly as marked, and 
additional treatments failed to lower the rate any further. 

The decompositions were carried out in a cylindrical 
Pyrex vessel of approximately 300-ml. capacity, which 
had an outside diameter of about 5 cm. and was mounted 
snugly in a cavity bored in an aluminum block of 10-cm. 
diameter. The block was wound with insulated resistance 
wire and was surrounded by several inches of magnesia 
insulation. To maintain the block at 500° a current of 
about 3 amperes was required. The reaction vessel was 
connected by means of capillary tubing to a three-way 
stopcock and to a variable-level mercury manometer, 
which gave a total dead space amounting to less than 1 ml. 

By passing the heating current-through a voltage con­
troller such a uniform heating was obtained that tempera­
tures constant within 0.5° could be maintained indefinitely 
and no additional temperature regulation was necessary. 
The temperature was measured with a two-junction ther­
mocouple inserted in a well of 8-mm. glass tubing which 
ran into the center of the reaction vessel. The thermo­
couple was standardized against boiling sulfur and by 
comparison with a Bureau of Standards platinum resist­
ance thermometer at several temperatures. 

For the infrared analyses the reacted mixture of gases 
was allowed to expand into a 300-ml. bulb which had its 
lower end chilled in dry-ice to condense any unreacted 
acetaldehyde. Usually, however, this was an unnecessary 
precaution, for the mixtures were generally allowed to react 
completely before withdrawing them from the reaction 
vessel. It was not necessary to eliminate the carbon 
monoxide since it does not absorb in the portion of the 
spectrum used. The sample of methanes and carbon 
monoxide was then transferred by means of a Topler pump 

(7) M. Letort, Comfl. rend., 1»7, 1042 (1933). 
(8) M. Letort, ibid., 302, 767 (1936). 
(9) R. Gilmour, J. Soc. Chem. Ind., 41, 293 (1922). 
(10) J. E. Zanetti and D. V. Sickman, T H I S JOURNAL, 58, 2034 

(1936). 
(11) J. C. Morris, J. Chem. Phys., I i "WO (1943). 

to the infrared absorption cell, which was 30 cm. in length 
and 2.5 cm. in diameter with plane rock salt ends cemented 
on with Apiezon wax. This was attached to the appa­
ratus by a ground glass joint so that it could be transferred 
easily to the spectrograph. Ordinarily the cell was filled 
with 200 mm. of the carbon monoxide-methanes, corre­
sponding to 100-mm. pressure for the methanes present. 
This pressure was found empirically to give the most suit­
able amount of absorption for the significant frequencies. 

The spectrograph used was the one described by Ger-
shinowitz and Wilson.12 It was necessary to use only the 
rock salt prism to obtain the 1000-1500 cm. -1 spectra with 
sufficient precision. The technique of measurement and 
recording of the spectra was the same as that outlined in 
the Gershinowitz and Wilson paper. 

I am grateful to Prof. E. Bright Wilson for permission 
to use the spectrograph for these analyses. 

Results of Infrared Analyses.—A number of 
preliminary spectra were determined to ascer­
tain the exact results to be expected from various 
possibilities. First, the spectrum for the case of 
no mixing of the methanes was measured by mix­
ing 100 mm. of CD4 + CO from the decomposition 
of CD3CDO alone with 100 mm. of CH4 + CO 
from the decomposition of CH3CHO and de­
termining the infrared spectrum for the mixture. 
The absorption spectrum obtained is shown as 
curve I of Fig. 1. The significant features of this 
curve are the double absorption maximum caused 
by the CD4 at 990 and 1035 cm.-1, the double 
maximum caused by CH4 at 1305 and 1350 cm. - 1 

and the absence of appreciable absorption in be­
tween. If there were partially substituted 

900 1000 1400 1100 1200 1300 
Frequency, cm.-1. 

Fig. 1.—Infrared absorption spectra of methanes re­
sulting from the decomposition of acetaldehyde and 
acetaldehyde-fi,: (I) prepared mixture of 100 mm. of 
CH4 + CO and 100 mm. of CD4 + CO; (II) two hundred 
mm! of 1:1 mixture of CH4 + CO with CD4 + CO which 
has been heated for five days at 500° (scale is displaced 
downward 10%); (III) two hundred mm. of mixture 
formed by decomposition of 215 mm. of CH9CHO in 
presence of 400 mm. of CD4 + CO (scale is displaced by 
20%); (IV) two hundred mm. of mixture formed by 
decomposition of 183 mm. of CD3CDO in presence of 
370 mm. of CH4 + CO (scale is displaced by 30%). 

(12) H. S. Gershinowiti and E. B. Wilson, ibid., 6, 197 (1938). 
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deuteromethanes present, there should be addi­
tional maxima of absorption at 1160 cm. - 1 for 
CH3D, at 1090 and 1235 cm."1 for CH2D2 and at 
1290 cm.-1 for CHD3.4 

Since it is known that traces of oxygen will in­
duce a chain reaction in the decomposition of 
acetaldehyde,13 it was concluded that a representa­
tion of the absorption curve to be expected if the 
thermal reaction occurred by a chain mechanism 
might be obtained by analyzing the sample ob­
tained from decomposing a mixture of the alde­
hydes in the presence of a trace of oxygen. Ac­
cordingly, 148 mm. of CD3CDO, 150 mm. of 
CH3CHO and 0.05 mm. of oxygen were mixed 
and allowed to react overnight at a temperature of 
435°. The temperature was chosen low enough to 
make the ordinary thermal reaction negligible. 
When a sample of the products was subjected to 
infra-red analysis, curve VII in Fig. 2 was ob­
tained. The expected maxima listed above are all 
apparent, some of them occurring with great in­
tensity. The appearance of the maximum at 
1090 cm. - 1 for CH2D2 means that the chain proc­
esses are more complicated than the simple ones 
listed in the introduction to the paper. 

900 1000 HOO 1200 1300 1400 
Frequency, cm," ', 

Fig. 2.—Infrared absorption spectra of methanes re­
sulting from the decomposition of mixed acetaldehyde and 
acetaldehyde-i4: (V) two hundred mm. of mixture formed 
by decomposition of 145 mm. of "treated" CD3CDO with 
152 mm. of "treated" CH3CHO; (VI) two hundred mm. 
of mixture formed by decomposition of 209 mm. of "un­
treated" CD3CDO with 239 mm. of "untreated" CH3CHO 
(scale displaced by 10%); (VII) two hundred mm. of 
mixture formed by decomposition of 150 mm. of CH8CHO, 
148 mm. of CD8CDO and 0.05 mm. of Oa (scale displaced 
by 30%). 

A run was now made to make sure that if 
mixed deuteromethanes were found in the later 
experiments, they had resulted from processes 
taking place in l i e actual decomposition of the 
acetaldehydes and not from side exchange reac-

(13) M. J . f to r t . J. CMiK. Phys-. 34, 428 UHiT; 

tions. A sample consisting of 206 mm. of CH4 + 
CO and 203 mm. of CD4 + CO was heated in the 
reaction vessel at 500° for five days to test whether 
the methanes would exchange among themselves 
at this temperature. The spectrum of a sample 
taken at the end of this time is shown as curve II 
of Fig. 1. The increased absorption between 
1200 and 1300 cm. - 1 indicates the formation of a 
small amount of CHD3, but the exchange has 
been very slight, as indicated by the general 
similarity of the curve with curve I. 

It was still possible, however, that exchange 
might take place between molecules of acetalde­
hyde and of methane. Or, if there were methyl 
radicals present as a result of chain processes, the 
reactions 

CH3 + CD4 = CH8D + CD3 
CD3 + CH4 = CD3H + CH3 

might have complicated the conclusions. There­
fore, two additional preliminary runs were car­
ried out. In the first, 215 mm. of CH3CHO was 
allowed to decompose completely at 480° in the 
presence of 400 mm. of CD4 + CO, obtained from 
the previous decomposition of 201 mm. of CD3-
CDO. In the second the process was reversed and 
183 mm. of CD3CDO was allowed to decompose 
completely at the same temperature in the pres­
ence of 370 mm. of CH4 + CO, obtained from the 
decomposition of 189 mm. of CH3CHO. The 
absorption spectra of samples taken from these 
runs are shown in curves III and IV, respectively. 
Both indicate only slight exchange and therefore 
reactions of the type shown above will not affect 
the conclusions to be drawn from the mixed de­
composition experiments. 

Curves V and VI in Fig. 2 show the results of 
the spectroscopic analysis of the methanes re­
sulting from the decomposition of mixtures of 
CH3CHO and CD3CDO. For curve VI a mixture 
of 209 mm. of "untreated" CD3CDO and 239 
mm. of "untreated" CH3CHO was allowed to 
react for two days at 480°, after which it was 
transferred to the absorption cell and analyzed. 
A marked increase in absorption in the 1100-
1300 cm,""1 range over that shown in curves I-IV 
is noted. Pronounced maxima are found at 1100, 
1.160, 1260 and 1290 cm., - 1 showing the presence 
of all of the partially deuterated methanes and 
indicating that chain processes had been instru­
mental in the decomposition in this instance.14 

However, none of the maxima for the intermediate 
deuteromethanes are as strong as those obtained 
in curve VII for the reaction induced by oxygen. 
Hence, it is probable that only a portion of the 
reaction proceeded by means of the chain mecha­
nism. This is in accord with the results of other 

0 4 ) This resul t offers some exper imenta l verification for t he propo­
sition t h a t t h e reac t ion C H j 4- C H a C H O is a m u c h faster process 
than C H i 4- CH 4 , s ince t he react ions which yie lded t h e samples for 
cu rves I I I a n d IV, which showed no exchange, were also car r ied ou t 
with t he " u n t r e a t e d " a ldehydes . (See " T h e Al iphat ic F ree R a d i ­
cal-, " I'' O. Rice and O. K. Rice, J o h n s H o p k i n s Press . 1935, for an 
-..liiTiii'f ..f !!!.• vel:i;iv« !-,ire-: ' 
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workers on the nature of the "normal" decomposi­
tion of acetaldehyde.1'2-8 

In contrast curve V shows the absorption spec­
trum of the sample resulting from the reaction 
together of 145 mm. of "treated" CD8CDO and 
152 mm. of "treated" CH8CHO at 542°, The 
temperature is not of major importance, for an 
almost identical curve was obtained from a similar 
mixture decomposed at about 480°. I t can be 
seen that the absorption between 1100 and 1300 
cm."1, while greater than that for curves I-IV, 
is nevertheless much less than that for curve VI, 
indicating a much smaller amount of chain reac­
tion in this case. By a comparison of curve V 
with curve VII, assuming that the latter repre­
sents 100% chain reaction, it may be concluded 
that not more than 10-20% of the reaction with 
the "treated" aldehydes proceeded by means of a 
chain mechanism. Because of the difficulty in 
obtaining perfectly pure acetaldehyde, even by 
means of the treatment with hydroquinone, it 
seems likely that the residual 10% of chain reac­
tion may have resulted from a slight remainder of 
induced chain reaction, and that the decomposi­
tion of acetaldehyde itself is completely a molecu­
lar reaction. 

Results on the Rate of Decomposition of 
Acetaldehyde.—Table I presents a summary of 
experiments on the absolute rate of decomposition 
of CH8CHO, both before and after treatment with 
hydroquinone, along with a comparative tabula­
tion of the results of other researches.8'6,18'15 

For the "untreated" acetaldehyde the rates check 
the values calculated from the results of Smith 
for the "normal" decomposition of acetaldehyde. 
It was for samples like these that the infrared ex­
periments showed a considerable amount of chain 
reaction, perhaps 50%, and the inhibition experi­
ments of Smith and Hinshelwood8 pointed to 
60-70% of chain reaction. However, the second 
part of Table I shows that these rates can be con­
siderably decreased by further purification. The 
absolute rates after treatment with hydroquinone 
are equal to about half the values for the "normal" 
reaction of Smith and are reduced almost to the 
values recorded by Smith and Hmshelwood for 
the completely inhibited reaction. The results of 
Letort, who used a very rigid purification proce­
dure, are also lower than those of Smith or of the 
present untreated samples, although they are not 
as low as the rates for the "treated" samples in 
the present study. However, they constitute 
additional evidence that thoroughly purified 
acetaldehyde decomposes at a slower rate than 
previously supposed. The implication is that the 
more rapid rates are caused by traces of impurity 
which initiate a chain reaction. 

In addition there is evidence here that the slower 
rates represent a molecular reaction in agreement 
with the infrared analyses. For, the inhibited 
rates of Smith and Hinshelwood presumably 

(15) M. Letort. J. CMm. Phys., M, 2BS (1937). 

TABLE I 

T H E RATE OF THERMAL DECOMPOSITION OF ACETALDEHYDE 

Temp., 0C. 

445 
477 
478 
478 
478 
478 
494 

Orig. 
pres., 
mm. 
(a) 

309 
67 
118 
240 
309 
479 
302 

•—Initial rates of decomposition, mm./min.-
Smith and 

This Hinshelwood 
study Normal" Inhibited' Letort* 

Before treatment with hydroquinone 
2 .1 
0.9 
1.6 
5.6 
7.0 

13.3 
12.0 

1.7 
0.57 
1.46 
4.85 
7.2 

15.0 
14.3 

0.65 
0.21 

.54 
1.8 
2 . 8 
5.9 
5.4 

(b) After treatment with hydroquinone 
484 107 1.1 1.6 0.6 
484 186 2.1 4.0 1.5 
484 328 5.2 10.2 3.9 
542 313 40 97 35 

1.1 
0.42 
1.05 
3.07 
4.50 
8.60 
8.5 

1.2 
2.7 
6.3 

49 

" These figures were calculated from the results of R. E. 
Smith (ref. 6) by the following procedure. Since the 
values tabulated by Smith were found to conform to the 
relation — dx/dt = kx1-6, the half-life times were converted 
to initial rates by the equation: initial rate, R = 1.15/60/ 
pt,. Then large-scale plots of log R against 1/T were con­
structed and values of R at the required temperatures for a 
number of different pressures were read off from the 
straight line relationships. These values of R were used 
to evaluate k a t each temperature in the table, and from 
these latter the rates at the specific pressures in the table 
were computed from the first equation above. I t is 
estimated that errors of calculation should be certainly 
less than 10%. b The values in this column were calcu­
lated from the data of J. R. E. Smith and C. N. Hinshel­
wood (ref. 3) by the same method as (a). ' Computed 
from the equation — dx/dt = kx1-*, where k = 4.44 X 
10ise-46,ooo/iir (moles/liter)-1A min.- i , given by M 
Letort (refs. 13, 15). 

signify a suppression of all chain reaction, leav­
ing a residuum which is entirely a molecular 
reaction. Moreover, the results in the second 
part of Table I demonstrate that it is possible to 
reduce the rate of reaction almost to this minimum 
point without the use of inhibitors in the reaction 
vessel. Consequently this too must represent a 
reaction which is almost entirely molecular. 

In Table II are shown similar results on the de­
composition of CD3CDO. In this instance the re­
duction in rate after treatment with hydroquinone 
was a maximum of about 20%. As in the previ­
ous table the "untreated" results agree with those 
calculated from the data of Smith, while the 
"treated" values are lower. 

It is of interest to speculate on the nature of the 
impurity which causes the acceleration in these 
decompositions. Some qualitative observations 
have been made. It was found that in a series of 
duplicate runs the rates of successive runs would 
gradually tend to increase as more and more of the 
liquid acetaldehyde in the storage reservoir was 
used up. This pointed toward an accelerant which 
was less volatile than the acetaldehyde and there­
fore could not have been gaseous oxygen. It was 
also noted that even following the treatment with 
hydroquinone to remove the impurity, the rate of 
decomposition of samples of the acetaldehyde was 
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TABLE II 

RATE OF THERMAL DECOMPOSITION OF ACETALDEHYDE-^ 

Temp., 
0C. 

478 
478 
478 
478 
483 
483 
483 
483 

484 
493 
509 
542 
542 
542 
542 

Orig. Initial rates of reaction, 
press., mm./min. 
mm. This study Smith0 

(a) Before treatment with hydroquinone 

188 
316 
334 
387 

94 
214 
277 
298 

0.90 
3.0 
3.3 
4.2 
0.60 
1.5 
3.0 
3.5 

(b) After treatment with hydroquinone 

293 
295 
193 
70 

122 
210 
302 

3.1 
4 .3 
4.7 
3.4 
7.9 

18.7 
33.6 

1.2 
2 .8 
3.1 
3.9 
0.46 
1.8 
2 .8 
3,1 

3.1 
4 .8 
5.0 
3.8 
9.4 

22.7 
40.2 

• Calculated by same method as values in Table I from 
paper of R. E. Smith (ref. 6). 

again accelerated when the liquid acetaldehyde 
was allowed to stand after distillation from the 
hydroquinone. The formation of either an autoxi-
dation product or a polymerization product of 
the acetaldehyde as the substance responsible for 
the accelerating chain reaction would account for 
this result. The cause of the effectiveness of 
hydroquinone in removing the impurity was not 
discovered, though it may be connected with its 
reducing power. 

The amount of impurity necessary to produce 
such an acceleration is very small. Chain lengths 
of 4000 have been reported by Letort13 in the 
oxygen accelerated reaction at this temperature. 
If the same chain length held in the induced reac­
tion under consideration, then less than 0.1% of 
impurity would be needed to triple the rate of 
reaction. Few physical tests can detect the 
presence of this quantity of material. 

The fact that the rate of decomposition of 
deuteroacetaldehyde was not subject to the same 
rapid acceleration as the ordinary acetaldehyde 
may be accounted for in a number of ways. One 
would be that the rate of formation of impurity is 
considerably smaller in CD3CDO than in CH3-
CHO so that there was a lesser quantity of the im­
purity present to cause acceleration. Or, the 
quantity of accelerant may have been about the 
same, but the rate of the induced reaction com­
pared to the rate of the molecular reaction may 
have been smaller for the heavier isotope. 

Discussion.—Both approaches to the problem 
of the mechanism of the thermal decomposition 
of pure acetaldehyde lead to the same conclusion 
that the reaction takes place substantially through 
a molecular process. However, a further conclu­
sion may be drawn from the infrared analyses. 
The meager formation of intermediate deutero-

methanes in the reaction of the pure mixed alde­
hydes provides definite evidence for the first of the 
possible reaction mechanisms mentioned earlier— 
the decomposition of individual particles of 
acetaldehyde to give methane and carbon mon­
oxide in a single act. This means that the reac­
tion must be truly unimolecular. 

One might picture the operation of such a 
mechanism as an amplification of the normal bend­
ing vibration frequency of acetaldehyde in which 
the aldehyde hydrogen and the methyl group 
vibrate toward one another by means of a de­
crease in the C-C-H angle, while the carbonyl 
group recedes sufficiently to maintain the balance 
of the system. In discussing the spectrum of 
acetaldehyde this frequency has been called the 
"H-wagging frequency,"11 since the hydrogen 
atom contributes most of the motion because of its 
lightness. 

The dependence of the rate of reaction on con­
centration, however, is intermediate between a 
first-order and a second-order relation. This is 
another example of the common phenomenon that 
the kinetic order of a chemical reaction may not 
tell us its fundamental mechanism. A probable 
reason for such a difference in this case is that the 
rate of activation of acetaldehyde molecules by 
collision is not sufficiently rapid to maintain an 
equilibrium concentration of the activated species 
as it decomposes. This implies that the decompo­
sition of the activated acetaldehyde molecules 
must be fast enough so that a sizable fraction will 
have decomposed before they have a chance to be­
come deactivated by subsequent collision. The 
rate of activation of the molecules by collision 
then becomes a rate-determining step of com­
parable magnitude to the rate of decomposition of 
the activated molecules. If this is the case ex­
periments with purified acetaldehyde at very 
high pressures should show a first-order relation 
and at very low pressures the reaction should be­
come more nearly second order. 

Insufficient experiments were performed in 
these researches to determine a kinetic equation 
for the decomposition of the completely purified 
acetaldehyde with any certainty. 

Although the absolute rate is smaller, the de­
pendence on concentration and the activation 
energy seem to be quite similar to those of previ­
ous kinetic studies. Consequently, one might 
obtain a satisfactory equation either by multi­
plying the constant factor in the equation of 
Letort16 by 0.75 or by adopting the equation 
given by Smith and Hinshelwood8 for the com­
pletely inhibited reaction as that for the decom­
position of pure acetaldehyde. 

The present data give a different value for the 
relative rates of decomposition of light and heavy 
acetaldehyde from that recorded by Smith.6 

Over a wide set of conditions he found a ratio for 
the rate of reaction of CH8CHO to that of CD3-
CDO of about 2.4. However, since the rate of 
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reaction of the CH3CHO was decreased by treat­
ment much more than that of the CD3CDO, it 
means that the true ratio must be lower. As in 
the case of the kinetic equation, no accurate 
evaluation of this ratio is possible because of the 
lack of sufficiently extensive figures, but they 
indicate that the value over the temperature range 
of the present experiments is 1.3-1.4. 

Summary 
1. The thermal decomposition of mixtures of 

acetaldehyde and acetaldehyde-^ has been car­
ried out and the resulting methanes have been 
analyzed by means of their infrared absorption 

Previous papers from this Laboratory2 have 
presented data on the absorption spectra of several 
hydroxytriarylcarbinols and the corresponding 
fuchsones. A comparison of the absorption spec­
tra of colored carbinols, of triphenylmethyl salts8 

and of triphenylmethyl4 with those of quinone 
and the fuchsones indicated the existence of quino-
noid structures for all these substances. Quinone, 
the free radical in ether solutions and the quino-
noid carbinols have quinonoid bands which are low 
when compared to the corresponding bands in the 
fuchsones, the free radical in sulfur dioxide, and 
the triphenylmethyl salts. No attempt has yet 
been made to give an interpretation for the differ­
ence. This investigation presents data on tri-
arylcarbinols wherein ^-biphenyl groups have re­
placed one or both of the unsubstituted phenyl 
groups of £-hydroxytriphenylcarbinol. The ab­
sorption spectra obtained from these carbinols 
appear to offer an explanation for the variation in 
height of the quinonoid bands. 

Two biphenylhydroxyphenylcarbinols have 
been studied: 4-hydroxy-4'-phenyltriphenylcar-
binol and 4-hydroxy-4',4"-diphenyltriphenylcar-
binol. They were made by the condensation be­
tween phenol and ^-biphenyldichlorophenylmeth-
ane and di-^)-biphenyldicnloromethane, respec­
tively. Unless the correct conditions are adhered 
to, this condensation produces diphenoxymethane 
and tetraphenylmethane derivatives as chief 
products. The carbinols were also made by the 
aluminum chloride demethylation of the methoxy 

(1) The material presented in this and the following paper con­
stitutes a portion of a dissertation submitted by Willis Allan Fisher 
to the Horace H. Rackham School of Graduate Studies of the Uni­
versity of Michigan in partial fulfillment of the requirements of the 
Ph.D. degree, February, 1940. 

(2) Anderson and Gomberg, THIS JOURNAL, BO1 204 (1928); 
Anderson, ibid., 61, 1889 (1929); Anderson and Geiger, ibid., 64, 
S0S8 (1932). 

(3) Anderson, ibid., S3, 4S67 (1930). 
(4) Anderson, ibid., ST, 1673 (1935). 

spectra. The results indicate that the thermal 
decomposition of acetaldehyde is a true uni-
molecular reaction and that chain processes play a 
very minor part, if any. 

2. This conclusion has been confirmed by 
studies on the absolute rate of the thermal de­
composition of acetaldehyde, which show the 
true rates to be only half as great as those previ­
ously observed. 

3. The relative rate of thermal decomposition 
of acetaldehyde to that of acetaldehyde-^ is 
approximately 1.3-1.4. 
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derivatives which were prepared by the reaction 
between ^-anisyhnagnesium bromide and 4-phen-
ylbenzophenone and 4,4'-diphenylbenzophenone, 
respectively. The monobiphenylcarbinol was iso­
lated in two forms: an intensely colored yellow 
form and a colorless modification. The dibi-
phenylcarbinol was isolated in two yellow modifi­
cations : one intensely colored and one which was 
considerably lighter in color. The fuchsone of 
each carbinol was prepared also. 

The ultraviolet absorption spectra of ether solu­
tions of these compounds show that a broad high 
band replaces the double band in the benzenoid 
portion of the spectrum when a ^-biphenyl group 
is substituted for one of the phenyl groups of 4-
hydroxytriphenylcarbinol (Fig. 1). This band is 
very similar to the one obtained from an hexane 
solution of biphenyl and is due, undoubtedly, to 
the biphenyl group in the carbinol. That its 
maximum is about 0.3 unit higher and its position 
about 200 mm. - 1 further toward the visible are 
effects easily attributable to the presence of the 
carbinol substitutent on the biphenyl. A second 
^-biphenyl group substituted in the carbinol 
merely increases the height of this band, empha­
sizing its source in the biphenyl groups. 

The change in benzenoid absorption when a 
phenyl group in 4-hydroxytriphenylcarbinol is re­
placed by a biphenyl group seems to indicate that 
the biphenyl group acts as a unit in producing ab­
sorption and not as two phenyl groups. The ab­
sorption spectra of molecules containing both 
phenyl and biphenyl groups show that the phenyl 
absorption is completely blotted out beneath the 
biphenyl band (Figs. 1 and 2). The fact that the 
only appreciable change in this biphenyl band 
upon the introduction of more biphenyl groups 
into the molecule is in its height (Figs. 1 and 2) 
shows that each biphenyl group is acting more or 
less independently in producing the absorption 
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