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The Photochemical Stability of Crotonaldehyde

By Francis E. BLACET AND JAcK G. Roor

The homologous series of saturated aliphatic
aldehydes has been the subject of extensive photo-
chemical study in the last few years.! The object
has been not only to determine the mechanism of
the reactions produced by light, but also to ascer-
tain to what extent the present interpretations of
absorption spectra are borne out by actual photo-
chemical results. These compounds have a com-
mon region of electronic absorption attributed to
the carbonyl group, which has a maximum at ap-
proximately 2800 A. The absorption in each
case is reported to be sharply discontinuous on the
long wave length side, then diffuse, and finally
continuous at short wave lengths.? The predic-
tion has been made that in the region of sharp
bands an activated molecule is produced which
possibly would not dissociate; in the diffuse or pre-
dissociation region some decomposition probably
would occur; and in the continuous region de-
composition must occur.!*®* These predictions
have been shown to be approximately correct for
acetaldehyde, propionaldehyde and normal- and
iso-butyraldehyde studied in the vapor phase.!®
Although some decomposition was found through-
out the region of absorption attributed to the car-
bonyl group, in general the quantum yield was
less in the region of banded absorption than in the
continuum. Likewise, polymerization was found
to vary with wave length.

Except for a complete shift of several hundred
Angstrém units toward the red, the absorption
spectrum of crotonaldehyde resembles markedly
that of acetaldehyde. This spectrum, which is
to be published in another article, shows discrete
bands beginning at X 3800 A. and continuing to
A 3245. At this point the bands begin to fade and
from A 3090 to the end of this region, approxi-
mately 2600 A., the absorption is apparently con-
tinuous. At X 2550 a second region of absorption

begins and extends into the Schumann region.
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This absorption is continuous and again by an-
alogy to the saturated aldehydes, may be attrib-
uted to an electronic transition in the hydrocar-
bon end of the molecule.*

Leighton and Blacet have presented evidence
of the formation of free radicals in the decomposi-
tion of the saturated aliphatic aldehydes. The
prospect of obtaining further evidence in this re-
gard as well as the possibility of additional corre-
lation of spectral and photochemical data made
the photochemical study of crotonaldehyde in the
vapor phase seem very desirable.

Experimental Procedure

In general, the apparatus was similar to that previously
described.!® The light source, except for one experiment,
was a high pressure mercury arc of the type perfected by
G. S. Forbes and his associates. The monochromator con-
sisted of two cylindrical 30° crystal quartz half prisms and
two crystalline lenses, all of which were 10 cm. in diameter.
One-half of this monochromator was of right handed and
the other half of left handed quartz.® A thermopile and
galvanometer system, calibrated by means of lamps pro-
vided by the Bureau of Standards, was used to measure
the intensity of radiant energy.

The absorption cell was 20 cm. in length, 3 cm. in
diameter and had plain parallel windows fused on the
ends. The gaseous system was arranged so that the alde-
hyde vapors at no time came in contact with any sub-
stances except fused quartz, Pyrex glass and mercury.
By means of a differential gage, pressure changes in the
reaction cell of 0.01 mm. could be detected. By deter-
mining the pressure change in the thermostated system
and determining the products of decomposition, quantum
yields of both decomposition and polymerization could be
obtained. The method of study was sufficiently sensitive
so that quantum yields of 0.04 or more for either type of
reaction could be measured without difficulty for the weak
lines of the source, while for the strong lines values as low
as 0.01 could be detected. In all of the experiments car-
ried out in this study, the pressure of the crotonaldehyde
was approximately 88 mm. After irradiation, the excess
aldehyde was condensed in a trap surrounded with an al-
cohol and carbon dioxide bath so that the postulated de-
composition products of carbon monoxide, hydrogen and
hydrocarbons could be removed by means of a Toepler
pump.

The crotonaldehyde, a product of the Niacet Chemical
Corporation, was further purified by fractionation and
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drying with anhydrous copper sulfate. The final frac-
tion had a boiling range of 102.4-102.6° and a density
(d%), corrected to vacuum, of 0.8495. The sample was
introduced into the system by two successive low tem-
perature vacuum distillations. Special precautions were
taken to eliminate all traces of oxygen from the apparatus
by flushing, and then evacuating, several times with
nitrogen.

Experimental Results

The following lines of the mercury arc were
used as sources: 3660, 3130, 3020, 2804, 2654,
2537 and 2399 A. The first five of these lines fall
in the region of absorption ascribed to the car-
bonyl group, while the last two are in the region
where the excitation is considered to occur in the
hydrocarbon part of the molecule.

Contrary to what one would predict by analogy
to the saturated aldehydes, in no case could de-
composition of crotonaldehyde be detected. This
was true even when the full radiation of the mer-
cury arc was used for several hours,

Only at A 3660 could a pressure decrease due to
polymerization be observed. The quantum yield,
based upon the number of molecules disappearing
from the system per quantum absorbed, was es-
timated to be 0.02. A solid was formed on the
walls of the reaction cell. If the assumption is
made that this was a trimer, only one quantum out
of every 150 absorbed was effective in causing
polymerization. It is possible that a correspond-
ing amount of polymerization occurred at other
wave lengths used in this study, but because the
intensity of the source in each case was small
compared to that of X 3660, a measurable pressure
change was not obtained during an exposure of
five or six hours. Upon using the full intensity
of the arc, a pressure decrease was observed
which corresponded approximately to that found
at \ 3660.

In order to determine the effect of activated
mercury vapor on crotonaldehyde an argon-mer-
cury lamp which is known to emit about 889, of
its radiation as the 2537 resonance line® was sub-
stituted for the high pressure arc which does not
give this resonance line. Although about 809
of this energy went to form activated mercury
atoms in the reaction cell, the photochemical re-
sults were precisely the same as before, <. e., no
decomposition and no measurable polymerization.

No fluorescence in the visible region could be
observed at any of the wave lengths listed above.
This is true even at very low pressures and even
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though some of the mercury lines fall in the region
of sharp absorption bands.

The observation was made that the oxidation
by oxygen of crotonaldehyde in the vapor phase,
in the system herein described, is a photochemical
reaction and does not progress at a measurable
rate in the dark. Between two and three mole-
cules of aldehyde reacted per molecule of oxygen.
Using A 3130 as the energy source and partial pres-
sures of oxygen and aldehyde of 1 mm. and 38
mm., respectively, the quantum yield based upon
the molecules of aldehyde reacting was of the or-
der of 0.2 to 0.3. Additional studies of this reac-
tion will be made.

Discussion of Results

The accepted interpretation of continuous ab-
sorption in the gaseous phase is based largely on
the study of diatomic molecules. The theory may
be extended with caution to more complex mole-
cules if one makes the reservation that a spectrum
which appears to be continuous may or may not
be so in fact.” In molecules where there are sev-
eral possible types of vibration each with its
many energy states, a broadening of absorption
bands may occur under the influence of impacts
which could give a transfer to the neighboring
states with a high yield. Hence it is conceiv-
able that although the molecules are still in the ex-
cited state, the usual experimental methods will
not give discontinuity in absorption. However,
studies at very low pressures should bring out the
discrete structure.

If only activated molecules are produced in the
region of absorption between A 3800 and 2600 A,
the failure of crotonaldehyde to decompose may
be understood. The almost complete lack of
polymerization is in accord with the known chemi-
cal facts in regard to this compound.® It is prob-
able that excitation in the carbonyl group is fol-
lowed rapidly in this case by an energy shift to
other modes of vibration. Therefore, since polym-
erization of the aldehydes involves the carbonyl
group, a low rate of this reaction would be ex-
pected. The conjugated double bonds may play
an important part in stabilizing this molecule.
The fact that fluorescence was not observed in
the visible region does not signify that this phe-
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nomenon does not occur. With many energy
levels present in the molecule it may be that the
reradiation takes place in small units and a search
in the infra-red would reveal fluorescence bands.

An alternate and doubtless more acceptable ap-
proach to the problem of correlating the photo-
chemical stability and the absorption spectrum of
crotonaldehyde would be to use the above explana-
tion for those wave lengths where the absorption
is obviously banded and attempt to find a reason
why dissociation products were not obtained be-
low A 3090. The general mechanism for the dis-
sociation of an aldehyde in the continuum asso-
ciated with the carbonyl group has been given in
a previous publication.’® It is as follows

RHCO + v —> R + HCO )
R 4+ HCO —» RH + CO @)
R+R+M—>R, +M ®)
HCO + HCO —» H, + 2CO @)

R 4 HCO + M —> RHCO 4+ M ()]

As the aldehyde becomes more complex, the need
for the third body, M, diminishes and Reactions
3 and 5 tend to become bimolecular. If the en-
ergy of activation of Reaction 5 is small com-
pared with Reactions 2, 3 and 4, the reversal re-
action would predominate and the net result from
irradiation would be no decomposition, although
the primary process is dissociation and is repre-
sented by a continuous absorption spectrum.
This mechanism suggests a high temperature co-
efficient for the dissociation processes due to a
greater probability of Reactions 2, 3 and 4 taking
place as the temperature is increased. Accord-
ingly, irradiation at elevated temperatures may
be expected to give decomposition products.
The concept of a predominating reverse reac-
tion appears to be a very useful one. It serves to
explain the fact that the quantum yields of decom-
position for the higher saturated aldehydes are
considerably less than unity in the continuous
region of absorption, and that the numerical
values of those yields decrease with increase in
molecular weight. It appears to offer a more di-
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rect and plausible reason for the low quantum
yield of acetone than the mechanism recently pro-
posed by Norrish, Crone and Saltmarsh.® Finally,
it may be used to explain the *‘thermal absorp-
tion” referred to by Henri.* This phenomenon,
which may be defined as continuous absorption
by the vapor without decomposition, is exhibited
by the aliphatic aldehydes in the extreme ultra-
violet, by the saturated and unsaturated alcohols
and doubtless by many other compounds.

Crotonaldehyde may be thought of as display-
ing this type of mechanism in two regions of
electronic excitation. The 3020, 2804 and 2654
lines of the mercury arc fall in the first of these
and the 2537 and 2399 in the second. Both the
primary process and the subsequent reactions are
most certainly different in the two regions, but
the principle of a rapid reverse reaction may be
applied in each case. '

The writers wish to express their appreciation
of the very helpful suggestions and criticisms
which they have received from Professor J.
Franck and Professor P. A. Leighton in the inter-
pretation of experimental results.

Summary

The effect of monochromatic ultraviolet radia-
tion upon crotonaldehyde in the vapor phase has
been described. - Although the lines of the mer-
cury arc which were used as light sources cover at
least three types of absorption, no decomposition
and no appreciable polymerization was found to oc-
cur. These results are contrary to the predictions
which may be made by comparison with corre-
sponding saturated aldehydes. The system of con-
jugated double bonds appears to contribute greatly
to the photochemical stability of the molecule.

The concept of a predominating reverse reac-
tion is presented as an explanation of the failure
to obtain products of dissociation in the region in
which absorption is apparently continuous.
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