
THE REACTION OF METHYL RADICALS 
WITH CH3CHO AND CHaCDO1 

Azomethane has been photolyzed in the presence of CI-I3CHO and CI-13CD0, 
and the results colnpared with the direct photolysis of the aldehydes. The act1r.a- 
tion energies found were G . 8  and 7.8 l~cal./moie, respectively, for the reactions 

CMj+CMjCHO--t CI-I,+CMjCO 
CHa+CH3CDO--t CHjD+CH,CO. 

(11 

The results furnish evidence that  o~l ly  an  acyl hyclrogel~ is captured. Evidence 
PI 

has also been found for the occurrence of lvall reactio~ls and the disproportionation 
reaction 

CI-Ia+CI-IjCO-> CHj+CHaCO. 

INTRODUCTION 

By decomposing di-t-butyl peroxide in the presence of CH3CH0, Volman 
and Brillton (6) obtained a value of 7.5&0.3 lical. for the activation energy 
for hydrogen abstraction by ~nethyl froin CH3CHO. This value lies well below 
most previous estimates. Its acceptance has explained a number of anomalies 
in the acetaldehyde photolysis, and the value is therefore of considerable 
importance. 

Up to the present no value has been obtained for the activation energy of the 
companion reaction 

CH,+CHsCDO + CH3D +CHsCO. 

Also, there has been no definite proof ~irhether it is an acyl or a methyl hydrogen 
which is captured in the reaction (4), although the acyl hydrogen is far more 
probable on general grounds. 

The purpose of the present work mas to compare the rates ol abstraction 
from CH3CHO and CH3CD0, to obtain a checli on the activation energy of 
the abstraction reaction using a different source of methyl radicals, and to 
determine whether an acyl or a methyl hydrogen is captured in the abstraction 
reaction. Azomethane has been used as a source of methyl radicals, since it  
can be photolyzed a t  wave lengths greater than 3400 where acetaldehyde is 
transparent. I t  can thus be photolyzed without complications due to the 
simultaneous photolysis of the aldehyde. The photolysis of CH3CHO and 
CHsCDO has also been investigated very briefly a t  3130 A in order to coinpare 
the results with those obtained with azomethane-acetaldehyde mixtures a t  
longer wave lengths. By using relatively low pressures of acetaldehyde and 
higher intensities (1-5 X l O l 3  quanta per cc. per sec.) than have usually been 
used in the past, it is possible to ybtain measurable amounts of ethane and 
thus to determine values of RCR4/RG2RG in the photolysis of acetaldehyde itself. 
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EXPERIMENTAL 

Acetaldehyde-d was prepared by Dr. L. C. Leitch (5) of this laboratory by  
the reaction sequence 

DzO 
CH,CHzhTOz a CH3CDsN02 

HzS04 (GM) 
CH3CD2N02 CH3CDO+HDO+NzO. 

0°C. 

Mass-spectrometer analysis indicated that the CH3CD0 contained about 
one per cent CHzDCDO and less than five per cent CH3CHO. 

The light source was a Hanovia S-500 medium pressure mercury arc. The 
cylindrical quartz reactioil cell, 10 cm. long, 5 cm. diameter, was completely 
filled by a nearly parallel light beam. Four types of filter were used to limit the 
incident radiation to longer wave lengths: 

Corning clear chemical glass 774 (0-53), 
Corning 586 (7-37), 
Corning 738 (0-52), and 
Corning 970 (9-53). 

The apparatus was essentially similar to  tha t  used in previous investigations. 
The methane, Nz, CO fractions were taken off a t  liquid nitrogen temperature 
and CO determined by passing over hot CuO. Further analysis was clone with a 
mass spectrometer. The ethane fraction was separated a t  --170°C., and 
occasionally checlced by mass-spectrometer analysis. 

RESULTS AND DISCUSSION 

( A )  The Reaction of CIrIj with CTI3CTIO 

When azomethane is photolyzed in the presence of CH3CH0 the following 
reactions may be considered : 

CH3NNCH3+hv -+ 2CH3+Ne [31 
CH3+ CH3 -+ CzHc [41 
CH3+ CH3NNCH3 -+ CH.+  CHzNNCI-I, [51 
CH3 + CH3CHO -> CH4+ CH3CO [1I 
CH3CO -+ CH,+CO [GI 
CH,+CH,CO -) CH3COCH3 [71 
2CH3CO -+ CH3COCOCH3 [8I 
CH3+ CH3C0 -) CH4+ CHzCO [91 
2CH3CO -+ CHzCO+CH3CHO [lo) 

If reaction [9] is neglected for the moment, then 

The values of ks/k& which are required in the calculations have been taken 
from an experimental Arrhenius plot for azomethane alone (I). 

The results of runs a t  different temperatures, intensities, and concentrations 
are given in Table I .  As can be seen from Fig. 1 (Curve B), a plot of logRCH4/ 
R , & ~ ~  [Ald] against l / T  gives a straight line, except a t  temperatures below 
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AUSLOOS AND STEACIE: METHYL RADICALS 

TABLE I 

Temp., Time, Pressure, cm. Rate, cc./min. X l o4  k 1 

"C. min. CHsNNCH, CH,CHO N2 CHa CzHs CO keg X 

? 
FIG. 1. Arrhenius plot of ~ ~ ~ , / ~ ~ , ~ , [ ~ l t l e h y d e ] .  

Curve A-CH3CHO photolysis. 
Curve B-Photolysis of azomethane in the presence of CHaCHO. 
Curve C-Photolysis of azomethane in the presence of CH3CD0, containing 5% CH3CHO. 

75°C. where curvature is evident. (The units of k throughout are 
i molecules, sec.) 

From the first four runs a t  27OC., i t  may be concluded that R~, , /R~, , [A~~] 
I decreases with decreasing intensity as shown by Fig. 2. This can be explained 

by the occurrence of the disproportionation reaction [9]. Evidence for the 
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0 5 10 15 

INTENSITY 

FIG. 2. The ellect of intensity at 27'C. on the photolysis of azomethane in the presence of 
CH1CHO. 

occurrence of this reaction has been found in the photolysis of acetone (2) 
and biacetyl (3) as well. When the curve in Fig. 2 is extrapolated to  zero 
intensity, a value of 8.4 X 10-l3 is obtained for kl/k44. This is still higher than 
the value obtained by extrapolation of the linear portion of curve B in Fig. 1. 
This is therefore not due to reaction [9], and i t  is suggested that  wall effects 
occur as well a t  low temperatures, as is the case with acetone and biacetyl. 

From the slope of curve B in Fig. 1 a t  temperatures above 75°C. an activa- 
tion energy difference El - iE4 of 6.8 ltcal. is obtained. Since E4 = 0, El = 6.8 
Itcal. This is in excellent agreeinent with the value found by Vol~nan and 
Brinton, whose results are also given in Fig. I. The lower value for El may 
therefore be considered to  be established. 

(B) The Plzotolysis of CfIsCfIO 
A few experiments were also made on the direct photolysis of CH3CH0. A 

Corning Filter No. 970 (opaque a t  wave lengths below 2900W) was used, so 
that  the light absorbed by acetaldehyde consisted mainly of the 3130 f i  group 
of lines. The results are given in Table 11. The rate of hydrogen formation has 
not been included since it was always, too sinall t o  measure with ally great 
accuracy. An Arrhenius plot of Rc,4/Rd,H,[CH3CHO] is given in Fig. 1 (Curve 

TABLE I1 
PH~TOLYSIS OF CH3CH0 

Tzmp., Time, Pressure, Rate in cc./min. X lo4 R C H ~  
C. min. cm. CHa CzIla CO X 10'3 

RA,H,[CHBCHO] 
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AUSLOOS AND STEACIE: METI-IYL RADICALS 35 

A ) .  A curved line is obtained which a t  higher temperatures appears to become 
parallel to  the line obtained by photolyzing azomethane in the presence of 
CI-13CH0. The curvature may largely be explained by the direct formation of 
some methane in the primary step. However, in the light of the azomethane 
results i t  is probable that  the curvature also results in part from reaction [9] 
and from wall reactions. In spite of these complications the results indicate 
that  a t  higher temperatures inethane mainly results from reaction [I]. 

(C) The Reaction of CH3 with CF13CD0 
When azomethane is photolyzed in the presence of CH3CD0 the same 

reaction scheme holds as for CHSCHO, except that  in place ol [I] we have 
CH,+CHaCDO --t CH3DfCHaCO. PI 

Also me may consider the possible reaction 
CH3fCHKDO --t CHd+CHzCDO. [I I] 

If it is assumed tha t  only an acyl hydrogen is captured, then 

and 

The values of k2/k4' and k5/k4; given in columns 9 and 10 of Table I11 have been 
calculated in this way. In Fig. 3 curve F, the triangles represent the values of 
log k6/k4', while the line drawn through them represents the results from the 
photolysis of azomethane alone. I t  is evident, therefore, that  reaction [ I l l  
does not occur to an appreciable extent (i.e. not over five per cent of [2]) 
since all the CH4 found can be accounted for by abstraction from azomethane. 
The small amount of CHZCHO present in the CHSCDO is not sufficient to 
alter the results appreciably. 

The fact that  no CzH 5D or C2H4Dz could be detected in the ethane fraction 
is further proof tha t  no hydrogen atoms are captured from the methyl group 
of CH3CDO. Also no CHzDz was found in the methane fraction, which, a s  
Blacet and Brinton point out (4) excludes a mixed mechanism. 

An Arrhenius plot of kz/kef (curve E) gives an activation energy of 7.9 kcal. 
for reaction [2], as compared with 6.8 kcal. for [I]. 

A very small amount of curvature is present in the log kz/ks* plot a t  low 
temperatures. Since this plot involves CH3D, the curvature cannot result from 
the disproportionation of methyl with acetyl, since all the acetyl radicals are 
CH3CO. I t  is therefore probably to  be explained by wall reactions. 

No curvature was found in the k6/k4' plot (curve F) .  In this case the reaction 
CH3+CH3C0 --t CH4+CH2C0 [91 

would cause such curvature. I ts  absence is presumably due to the much smaller 
rate of abstraction from CH3CDO as compared with CH3CH0 (a factor of 20). 
This results in a much smaller concentration of acetyl, and the effect of reaction 
[9] is apparently negligible. 
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TABLE 111 

Temp., Time, Pressure, cm. Rate, cc./min. X 10' ks k2 

"C. mln. CH3CDO CH3NNCHs CHaD CHa CzHs CO x loL3 x 1013 

- 
m 

TABLE IV 5 

Temp., Ti~.ne, Pressure, Rate, cc./min. X lo4 RCH~D Rcn, C 

"C. mln. c ~ n .  CH3D C I ~ P  Ethane CO X 1013 X1013 :! 
R~,,,,[CH,CDOI R&,,,,~CH~CDOI w w C

an
. J

. C
he

m
. D

ow
nl

oa
de

d 
fr

om
 w

w
w

.n
rc

re
se

ar
ch

pr
es

s.
co

m
 b

y 
19

8.
49

.1
25

.2
8 

on
 1

1/
13

/1
4

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



AUSLOOS AND STEACIE: METHYL RADICALS 

' . O  0 

I/T x 10' 

FIG. 3. The photolysis of CH3CD0. 
Curve D-Arrhenius plot of ~ ~ ~ ~ ~ / ~ ~ , , , , [ ~ l d e h y d e ]  for the direct photolysis of CH3CDO. 

Curve E-Arrhenius plot of ~ ~ ~ , ~ / ~ & ~ ~ , , [ ~ ~ d e h ~ d e ]  for the photolysis of azomethane in the 
presence of CH3CDO. 

1 

Curve F-Arrhenius plot of ~ ~ ~ , / ~ ~ , ~ , [ ~ z o m e t h a n e ]  for the photolysis of azomethane in 
the presence of CHBCDO. 

(D)  The  Photolysis of CI&CDO 
The photolysis of CH3CDO was briefly investigated. A Corning 970 filter 

was used so that  absorption was mainly of the 3130 A group of lines. The  
results are given in Table IV. The fraction coming off a t  -195°C. consisted 
of CO, C H , ,  and CH3D. IVo CHZDZ, Dz, or Hz was found by mass-spectrometer 
analysis, so that they amounted to less than one per cent of the products. The  
ethane fraction consisted mainly of CzHG (-60%); considerable amounts of 
deuterated ethanes were also present. Only the total ethane has been given in 
Table IV. 

In  Fig. 3 (curve D )  an Arrhenius plot of R ~ , ~ / R ~ , ~ , , [ C H ~ C D O ]  is given. 
A large curvature is present a t  low temperatures, while a t  higher temperatures 
the plot becomes parallel to the one found when azomethane is photolyzed in 
the presence of CH3CDO. This appears to indicate that  a t  high temperatures 
CH3D is mainly formed by reaction [2], while a t  low temperatures the occur- 
rence of the primary step 
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explains largely the excess of CH3D responsible for the curvature in the Arr- 
henius plot. 

Considerable CH4 is formed in addition to CH3D. This may be accounted 
for by the presence of about five per cent CH3CHO in the CH3CDO sample. 
Since abstraction by methyl is about 20 times faster from CH3CH0 than from 
CH3CD0, even five per cent of CH3CH0 has a large effect. In Fig. l,(curve C) 
an Arrhenius plot is given for this methane, i.e. a plot of RCH4/R~,,,,,,[Alde- 
hyde]. Since the exact amount of CH3CH0 present is somewhat uncertain, but 
its percentage is constant, we havel used the total aldehyde concentration. 
The actual value of the ratio XcH4/R~,,,,,,[CH3CHO] will therefore be approxi- 
mately 20 to 23 times higher than the figures plotted in Fig. 1, and the results 
will therefore coincide approximately with the linear portion of curve A as 
they should. From the slope of curve C a value of 6.4 kcal. is obtained for El, 
in excellent agreement with the value of 6.8 kcal. obtained by photolyzing 
azomethane in the presence of CH3CH0. 

I t  may be noted that the deviation from linearity is much less for curve C 
than for curve A .  This is to be expected since the relatively fast abstraction by 
methyl from CHSCHO as compared with CH3CD0, causes a small amount of 
CHSCHO to have an important effect on the abstraction reaction. There is, 
however, no reason to suppose that reaction [I l l  will be more important for 
CHSCHO than for CH3CDO. 

If CH., was also produced by abstraction from the methyl group 
CH3+CH,CDO -+ CH4+CH2CD0, [I31 

a higher activation energy than 6.8 kcal. would be expected, and CHzDz 
should also be produced. I t  may therefore be concluded that reaction [13] 
does not occur to an appreciable extent. However, no explanation can be given 
for the production of a considerable amount of CzHSD and CzH4Dz. 

Since there is no appreciable abstraction from the methyl group in CH3CD0, 
in spite of the higher acyl C-D bond strength, it is evident that no appreciable 
abstraction from the methyl group in CH3CH0 will occur. 
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