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Summary

The oxidation of acetyl radicals at 25 °C was studied by photolyzing
azomethane in the presence of acetaldehyde and oxygen. The quantum
yields of methanol, carbon dioxide, dimethylperoxide and peracetic acid
were obtained for the four isotopic combinations of CH3N,CH3 or CD3N,CDj,
with CH3;CHO or CD3CDO.

The initially formed methylperoxy radicals are self-annihilated by the
reactions:

9CH;0, - 2CH,0 + O, (1a)
~ CH,OH + CH,0 + O, (1b)
—> CH302CH3 + 02 (1C)

The results from this study indicate that k1,/k1, R1p/k1, and ky./k{ = 0.43,
0.50 and 0.07, respectively, for CH30, and 0.45, 0.41 and 0.14, respectively,
for CD30,. The methoxy radical is scavenged by either acetaldehyde or Oy:

CH3;0 + CH3CHO ~ CH3;0H + CH3CO (2)

CH3;O + Oy~ CH,O + HO, (3)
Under most of our conditions, [CH;CHO]/[Os] > 0.5 and reaction (3) is
negligible. At lower values of the ratio, reaction (3) plays some role and
kolkg ~ 10 - 20.

The acetyl radical oxidizes entirely by addition:

CH3;CO + O, > CH;3CO;3 (4a)
since CO is not a product, and all the CO, is shown to come from the reac-
tions:

2CH3CO3 - Oy + 2CH3CO, ~ 2CH; + 2CO, (7)

CH3CO3 + CH30, > CH30 + Oy + CH3CO, ~ CH3 + CO, (8)

with kg/(k1k7)" = 2.8 + 0.4 regardless of whether the radicals are protonated
or deuterated.

* CAES Report No. 390-75.

** Present address: Department of Chemistry, University of California, Riverside,
Ca. 92502 (U.S.A.).
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Peracetic acid is produced from the abstraction reaction:
CH3CO3 + CH3CHO —~ CH3COgzH + CH3CO (5)

with ky/k;" = 6.0 X 10~ 2 (Torr-s)~ * for the protonated system and 1.29 X
10~ 3 (Torr-s)™* for the deuterated system.

Introduction

The oxidation of acetyl radicals is an important process both in photo-
chemical smog [1] and in the slow combustion of hydrocarbons and their
cool flames [2]. In most of the previous studies of acetyl radical oxidation,
acetaldehyde has been photolyzed in the presence of oxygen. The first room
temperature study of the photo-oxidation of acetaldehyde in both the vapor
and liquid phases as well as in solution was made by Bowen and Tietz [3].
They found the major products of the reaction to be peroxides formed in a
long chain. Carruthers and Norrish [4] also photo-oxidized both formal-
dehyde and acetaldehyde and, except for the chain length, their results for
acetaldehyde were consistent with those of Bowen and Tietz. In 1941, work
by Mignolet [5] further substantiated the results of these studies. McDowell
and coworkers [6 - 8] in 1958 confirmed the presence of peracetic acid as a
product in the photo-oxidation of acetaldehyde and also proposed diacety!l-
peroxide, CH3C(O)~0~0-(0)CCHg, which was found in small amounts [8],
as the product of the chain terminating step. However, in a study by Calvert
and Hanst [9] of acetaldehyde photo-oxidation at lower pressures (~ 42 Torr
of CH3CHO) no diacetylperoxide was obtained, although peracetic acid was
again confirmed as a product. In 1964, Johnston and Heicklen [10] studied
acetaldehyde photo-oxidation at even lower pressures ([CH;CHO] = 0.14 -
18 Torr, [O,] = 1.0 - 9.2 Torr) using mass spectral techniques. As principal
products they reported CH;OH and presumably CO and CO,. Other products
were H,0, CH,0, HCOOH, CH;00H, CH;COOH, CH;00CH3, and probably
CH;CO3H. They also loocked for, but could not find, diacetylperoxide as a
product. However, they were unable to deduce a mechanism from their pro-
duct analysis.

The photo-oxidation of acetaldehyde is complicated by the possible
existence of long-lived excited states and by the number of different primary
photolytic processes. In order to avoid these complications, this work was
undertaken to study acetyl radical oxidation by photolyzing azomethane in
the presence of acetaldehyde and oxygen. Azomethane, acetaldehyde and
oxygen mixtures have previously been photolyzed by Subbaratnam and
Calvert [11] in their work on the photo-oxidation of azomethane, but at
very low [CH;CHO]/[O,] ratios (6 X 10 *to 2 X 107 %). Under these con-
ditions, the major observed products (methanol and methylhydroperoxide)
were the same as those in the photo-oxidation of azomethane. In our work
reported here, the [CH3CHO1/[O,] ratio is much higher (0.1 - 12), and thus
the products of the acetyl radical oxidation become important.
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Experimental

The experimental apparatus and procedure are similar to those reported
elsewhere [12, 13]. Reaction mixtures were photolyzed with 3655 A radia-
tion in a 500 cm® Kimax cell using a Hanovia medium pressure Hg lamp fitted
with a Corning 0-52 filter. The reaction gases were excited continuously through
a detachable pinhole into a differentially pumped intermediate chamber main-
tained at a pressure << 1 Torr. These gases could then pass through a second
leak which was permanently mounted on the mass filter of an Extranuclear
quadrupole mass spectrometer type II. The pressure in the spectrometer was
~ 8 X 107 Torr for all experiments. Total gas pressure in the reaction cell
was ~ 100 Torr.

After the irradiation was completed, carbon dioxide and carbon monox-
ide were analyzed on a Gow-Mac gas chromatograph employing a thermistor
detector at 0 °C. The CO, was separated from other reaction components on
a 11 ft. X Y, in. o.d. copper column packed with Porapak QS and operated
at room temperature with a helium carrier gas flow rate of 45.5 cm®/min.
The CO was separated from reaction components on an 8 ft. X Y, in. o.d.
copper column packed with 13X molecular sieves and operated at room
temperature with a helium carrier gas flow rate of 50 cm3/min. Both CO,
and CO calibrations were performed using standard samples.

Infra-red analyses were performed using a Beckman IR-10 infra-red
spectrophotometer. Several experiments were performed in a 200 cm?® Pyrex
“T” cell with sodium chloride windows which permitted continuous infra-
red analysis during photolysis. The top of the “T”’, which was in the sample
beam of the spectrometer, was 12 cm long.

The non-deuterated azomethane was prepared by the procedure of
Renaud and Leitch [14]. It was purified by trap-to-trap distillation from
— 90 °C to — 130 °C. The non-deuterated acetaldehyde and acetic acid were
obtained from Fisher Scientific Company. The acetaldehyde was purified by
distillation from — 79 °C to — 130 °C. The azomethane-dgs and acetaldehyde-
d, (99% minimum isotopic purity) were obtained from Merck, Sharpe and
Dohme of Canada Ltd. Mass spectral analysis confirmed that the isotopic
purity was at least 95%. The azomethane-dg and acetaldehyde-d, were puri-
fied in the same manner as their non-deuterated counterparts. Gas chromato-
graphic analysis showed < 0.1% of any chemical impurity in either the puri-
fied acetaldehyde or azomethane. The Oy, N, and CO, were Matheson extra
dry, prepurified, and bone dry grades respectively. Before use, the azo-
methane and acetaldehyde were degassed at — 130 °C and — 196 °C respec-
tively.

The values for the mass spectral sensitivity relative to the m/e 64 parent
peak of azomethane-dg for the CD3;0,CD; and CDsOD(H) products were the
same as those obtained in previous work [12]. Although the parent m/e
peak for the peracetic and peracetic-d, acids could not be detected in the
mass spectrometer, their presence was confirmed by infra-red analysis of
reaction mixtures, and their production could be followed with the mass
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spectrometer by monitoring the m/e 60 and (63 + 64) peaks respectively.
Mass spectral sensitivities for these per-acids were determined in an indirect
manner by infra-red analysis of reaction mixtures after photolysis. The per-
acetic acid produced in the reaction was collected at — 83 °C and allowed to
convert to acetic acid [15] in an infra-red gas cell.

Acetic acid calibrations were performed using standard samples with
consideration given to the dimer-monomer equilibrium (K, = 0.557 Torr at
25 °C) [16]. Thus, by measuring the acetic acid it was possible to deduce
the amount of peracetic acid produced in the reaction and the mass spectral
sensitivity of the peracetic acid. The sensitivity of the CD3;CO3D lacked ex-
perimental precision but was found to agree with that for its non-deuterated
counterpart to within 30%. Thus, the experimental sensitivity of 0.48 deter-
mined for the CH3zCO3H was also used for the CD3CO3D (i.e. 0.48 Torr of
CH3N,CH; gives the same mass spectral peak at m/e 58 as 1.0 Torr CH;COzH
at m/e 60).

In order to generate quantum yields the m/e peak height ratios corres-
ponding to methanol, peracetic acid and dimethylperoxide-d, were plotted
versus time. The slopes of these plots yielded the rates of production of
these products, when corrected for the relative sensitivity calibration factors
and multiplied by the pressure of azomethane. CO, production rates were
obtained by measuring the amount of CO, in the reaction cell after photo-
lysis by gas chromatography and dividing by the photolysis time. These
product rates were converted to quantum yields by dividing by the N, pro-
duction rate in separate actinometer experiments in the absence of O, and
acetaldehyde, but at the same azomethane pressure.

Results

The photolysis of azomethane at 36565 A in the presence of acetaldehyde
and oxygen was studied at 25 °C. The pressure of azomethane was varied be-
tween 2 and 28 Torr while the pressures of acetaldehyde and oxygen each
ranged between 8 and 100 Torr. The following isotopic combinations of
reactants were examined:

CD3N,CD; + CD;CDO

CH;N,CH; + CD4;CDO

CD;N,CD; + CH3CHO

CH;3;N,CH; + CH3;CHO
In these systems the observed products were methanol, CO,, peracetic acid
and dimethylperoxide. Absolute quantum yields for these products for each
of the above isotopic combinations are given in Tables 1 to 4 respectively.
Since CD3OD and CD3;CO3D easily exchange D for H on the walls of the
reaction vessel, the sum of the quantum yields for the OH and OD com-

pounds are given. Values are not reported for the light methanol because of
the interference of the large mass spectral parent peak of O,. Likewise except
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for the CD3N,CD;—CD3CDO system, reliable values for the dimethylperoxide
quantum yields could not be obtained because of the interference of product
cracking peaks. In the CD3N,CD3—~CD3CDO system, ®{CD;CO3D} is not re-
ported because of the interference from the mass spectral parent peak of
CD;3N,CDs.

The quantum yields for methanol, dimethylperoxide and peracetic acid
were obtained mass spectrometrically while those for CO, were obtained by
gas chromatography. The presence of methanol and peracetic acid as primary
products of the reaction was verified by infra-red analysis. Although acetic
acid is also a product of the reaction, an in situ photolysis experiment em-
ploying continuous infra-red analysis confirmed that all the acetic acid came
from the decomposition of the peracetic acid. Neither CO nor methylhydro-
peroxide was observed as a product of the reaction. Thus, these compounds
must have quantum yields < 0.01 in this system. We looked for, but found
no evidence for either diacetylperoxide or methyl acetylperoxide.

In regard to the peracetic acid—acetic acid products, the mass spectrum
shows no parent peaks for peracetic acid. The only identifying mass spectral
peak for these products is at the parent mass for acetic acid, and this peak
grows without an induction period during the irradiation. Since the i.r. anal-
ysis, as well as almost all the earlier studies, show that peracetic acid, and
not acetic acid, is the initial product, either the mass spectrum for peracetic
acid is unusual and misleading or the peracetic acid is converted to acetic
acid during the sampling procedure in the mass spectral analysis. Thus the
acetic acid reported by Johnston and Heicklen [10], who used a similar
mass spectral analytical technique, is really peracetic acid.

The fundamental parameter of the system is [CH;CHO]/I,* and it was
varied by a factor of 32.6. To do this [CH;CHO] was varied by a factor of
32.7 and I, by a factor of 29.4. The quantum yield for peracetic acid was
found to increase as this factor was raised while the quantum yields for CO,,
methanol and dimethylperoxide were fairly constant. At the same [CH;CHO]/
I,* value, the quantum yield for CD;CO,D(H) was found to be a factor of
~ 4.6 lower than that for CH3CO3H. No similar isotope effect was observed
for any of the other products.

The quantum yields for CO,, methanol, and peracetic acid were also
observed to decrease at [acetaldehyde] /[O,] ratios less than 0.5. However,
©{CD30,CD;} was fairly constant for all values of this ratio, even though this
ratio was varied by a factor of 21.

Discussion

On the basis of these results, the following mechanism for the photo-
lysis of azomethane in the presence of acetaldehyde and oxygen at 25 °C is
proposed:

CH3N,CH, + hy —22— 2CH,0, + N, Rate=1I,
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2CH;0, - 2CH0 + O, (1a)
- CH;OH + CH,0 + O, (1b)

- CH40,CH; + O, (1c)

CH,0 + CH;CHO - CHZOH + CH;CO (2)
CH,0 + 0, » CH,0 + HO, (3)
CH4CO + O, » CH,3CO, (4a)
- CH,4O + CO, (4b)

CH,CO; + CH;CHO » CH3COZH + CH4CO (5)
CH4CO, + HO, > CHZCO,H + O, (6)
2CHCO;3 > O, + 2CH,C0O, - 2CH; + 2CO, )
CH,CO; + CH40, » CH30 + O, + CH,CO, > CH; + CO, (8)

Reaction (1a), (1b), and (1c¢) are included on the basis of earlier work
on the photo-oxidation of azomethane [12]. Since no acetic acid is prod-
uced, except from the decomposition of peracetic acid, the CH3CO,, radi-
cals expected in reactions (7) and (8) must decompose prior to abstracting
a H atom from acetaldehyde. Thus, either no CH3CO, radicals are produced
at all in the system, or if they are, they exist only as intermediates in reac-
tions (7) and (8) decomposing to give CO, and CHj radicals. The CH3CO,
radical is thermodynamically unstable and decomposes exothermically to
CH; and CO,. (AHyecomp = — 17 kecal/mol) [17, 18]. Also Szwarc and Herk
[19] consider that the decarbonylation of the acetate radical requires an
activation energy of only 1 - 2 kcal/mol. In addition, they report [20, 21]
that in both the gas and liquid phases, the reaction observed in the diacetyl-
peroxide system is due to methyl radicals rather than to CH3CO, radicals.
Thus, it would seem that CH3CO, radicals are kinetically unstable even at
room temperature and in our system would immediately decompose to CO,
and CHj;.

Since no CO was observed in any of the experiments, the reaction

CH,CO + O,—~ CH30, + CO (4c)

must only occur to a negligible extent. The absence of methylhydroperoxide
as a product suggests that the reactions

CH,0, + CH;CHO - CHz0,H + CH,CO 9)
CH,0, + CH0 -~ CH30,H + CH,O (10)
CH,0, + HO, » CH0,H + O, (11)

are not important in the acetyl radical oxidation system for values of the
[CH3;CHO]/[O,] ratio greater than ~ 107 . Apparently reaction (9) is just
too slow to be of consequence at our acetaldehyde pressures and absorbed
intensities. Reactions (10) and (11), which are known to proceed rapidly
[12], are suppressed because CH3O is scavenged by acetaldehyde and HO,
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production is unimportant. Peroxide production via alternate paths to reac-
tions (7) and (8) have also been omitted, since the corresponding peroxides
were not found as products.

In order to account for the reduction in methanol, CO, and peracetic
acid quantum yields at values of [CH3CHO]/[O,] < 0.5, reactions (3) and
(6) have been included in the mechanism. However, since no methylhydro-
peroxide was found and the other product quantum yields are fairly constant
for values of this ratio greater than 0.5, where most of our studies were done,
these two reactions will not be considered further. With the elimination of
reaction (6) from the mechanism, reactions (1b) and (1c) become the only
termination reactions.

An analysis of reactions (1) - (8) (with reactions (3) and (6) eliminated)
leads to the following steady-state concentration expressions for the radicals
in the system:

I, Y
[CH;0,] = (k_+k_) o
1b 1c
[CH,CO] = k,[CH30] [CH;;CHO}]e +[ (l;sl[CHscoa] [CH;CHO] a
4 2
k a Ia 1
[CH0al = [ k1 (k_T}E— )J (111)
7 1b 1c

[CH0] = §(2kxa[CH302]2 + kg[CHZCO,] [CH30,] +

koksa

k
7:_b k5[CH,4CO0;] [CH,CHO | / [CH,CHO] (IV)
4

4

The quantum yields for the observed products of the reaction then become:

klc
${CH,O,CH3} = ———— Vv
{CH30,CH3} TN (V)
kuk k Ya
®{CH,OH} = ——4—8——( ‘“) +
ky(kip + ki) \ By

2%k k1, 1
klb + +
ks Ry * ke

k4pks [CH3CHO] ( kg )V’
k4 I* ky(kyp + k1o

fj‘_(zkla"'ks(kn/kﬁ%) +
kya ki t+ Ry

(V1)

${CO,}
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Fig. 1. Semilog plots of the quantum yields of methanol (from the CD3N,CD3 + CHzCHO
system) and dimethylperoxide (from the CDgN,CD3 + CD3CDO system) vs. [acetalde-
hyde]/[O2]. [Acetaldehyde]/[O5]: @, 4 <0.2;0,4 0.2-0.5;%,0.5-1.0; 04, >1.0.

Rk k1. % [CH,CHO
+ 4b’*H ( 1 ) [ 3% ] (VII)
Ria \R7(Ry+ ki) I,
k ki, \* [CH,CHO
®{CH,CO.H} = —57( ! ) [ s ] (VIID)
k" \ Ry, + Ryc "

As the lower plot in Fig. 1 shows, the quaritum yield for dimethylper-
oxide is 0.33 £ 0.07 independent of acetaldehyde pressure, oxygen pressure
and I,. From the previous work on the photo-oxidation of CDzN,CD; [12],
values for the branching ratios &,,/%,, k1,/%; and k,./k, were obtained. How-
ever, these branching ratio values were in poor agreement with those from
the photo-oxidation of CH3N,CHj. These values can now be recomputed by
utilizing the data from both the previous work and the present work. With
no acetaldehyde present in the system, a steady state analysis leads to the
following rate law based on the quantum yields of methanol and dimethy!-
peroxide [12]:

@,{CD30,CD3} _ ke
1+ ®,{CDsOD(H)} + $¢,{CD30,CD3} 2ky
where the subscript zero refers to the results in the absence of acetaldehyde
at high limiting values of [O,] /I,*. The values reported earlier by us [12]
are $,{CD30,CD3} = 0.15 and {CDsOD(H)} = 0.49. From eqn. (V) and the
results found here in the presence of acetaldehyde:
klc/kl

¢ {CD;0,CD;3} = ———— =0.33 X
{CD,0,CDs} = 7= (X)

(IX)
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Fig. 2. Plots of ®{CD30D(H)} vs. [CD3CDO]/I¢,V’. Upper plot: CD3OD(H) from the
(CD3gNyCD3 + CD3CDO) system. Lower plot: CDgOD(H) from the (CH3NoCH g +
CD3CDO) system. [CD3CDO]/[03]: 4, 8, <0.2; A®, 0.2-0.5; 4/ 0.5-1.0;4,0,>1.0.

By dividing eqn. (IX) by eqn. (X) most of the inaccuracies in the mass spec-
tral sensitivity for CD30,CDj; are eliminated, since ®,{CD30,CD;} is only a
small correction in the denominator of the left-hand-side of egn. (IX), and
a value of ky,/k; = 0.45 = 0.15 is obtained. This value agrees very well with
the 0.43 value for kq,/k, obtained in the CH3N,CH; photo-oxidation [12],
but is much higher than the value of 0.22 found for CD3;N,CDj; photo-oxi-
dation [12]. (See Appendix for a more detailed discussion.)

Also from the work on the photo-oxidation of pure CD3;N,CDj, the
relationship between k,,/k; and k4, /k; is such that:

Fao  Fin 43 (XI)
2k, 2k,
With the value of kq,/%; = 0.45, ky,/k; = 0.41, and thus k,./k; = 0.14.
Figure 2 shows plots of the quantum yields of CD;OD(H) vs. [CD3;CDO]/
I, The upper plot is for CD;OD(H) from the (CD;N,CD;3 + CD;CDO) sys-
tem and thus shows how the quantum yield for the methanol from all
sources varies with [CD3CDO] /I,*. The data for [CDsCDO]/[O,] > 0.5
show that ®{CD;OD(H)} is independent of [ CD;CDO]/I,* as the ratio is
varied by a factor of 10. An examination of eqn. (VI) shows that this can
be true only if k4, /k 4 is zero. The upper limiting value for »{CDz;OD(H)}
for the upper plot in Fig. 2 has a value of 5.3 = 0.5 which when equated to
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Fig. 3. Plot of ®{CO,} vs. [CD3CDO]/I," for the (CDgN,CD3 + CD3CDO) system.
[CD3CDO]/[0,]: A, <0.2;4, 0.2 - 0.5;2, > 1.0.

the sum of the first two terms of eqn. (VI) gives a value of 2.39 for kg/
(k1k7)", which is consistent with the statistically expected value of 2.0.

Figures 3, 4 and 5 show plots of the quantum yields of CO, vs.
[CH3CHO]/1,* for all four isotopic combinations. Data for [CH3;CHO]/[O,]
> 0.5 shows that ®{CO,} is also independent of [CHzCHO]/I,* in each case
as this ratio was varied by a factor of 10. Equation (VII) predicts that
${CO,} will show this behavior only if k4, /k4 is zero, thus confirming the
conclusions from the methanol data. The upper limiting value for ®{CO,}
of 6.0 £ 1.0, 5.0 = 1.0, and 4.75 + 0.75 for the plots in Figs. 3, 4 and 5,
respectively, can be equated with the first term in eqn. (VII) to give values
for kg/(k1ks)"” of 3.57 for the (CD3N,CD; + CD;CDO) system, 2.75 for the
(CH3N,CH; + CD4CDO) system and 2.55 for the (CH3N,CH; + CH3CHO)
and (CD3sN,CD; + CH3;CHO) systems. The average of these three numbers is
2.8 + 0.4 which is in good agreement with the value of 2.4 obtained from
the methanol data.

An analysis of the mechanism shows that the quantum yield for the
methanol coming only from the azomethane is given by the expression:

${CH;0H(Az)} = 2(2R10 * R+ Re) (XII)

2R, + Ry

where R refers to the rate of the subscripted reaction. This becomes, upon
substitution of the steady state radical concentrations:

Z[Zk Jky+ Ry /Ry + ks (k“‘)%]
la 1 1b 1 (k1k7)% kl

gy ke <k1a>‘/’
(k 1k \ Ry

®{CH30H(Az)} = (XIII)
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Fig. 5. Plot of ®{C0O,} vs. [CHgCHO]/I," for the (CD3N,CDg + CH3CHO) system (©),
and for the (CHzN,CH; + CH3CHO) system (O). [CH3CHO]/[03]: ®, <0.2;9, 0.2 - 0.5;
®,0.5-1.0;0, O >1.0.

Using the average value of 2.8 for kg/(k,k)" and the branching ratio values
for ky,/k; and ky,/k, Obtained above, we calculate the value of ®{CH;OH(Az)}
= 1.65. Figure 1 shows a plot of ®{CD3OD(H)} from the (CD3N,CD3 +
CH3CHO) system, that is, the methano!l only from the azomethane. The data
for [CH3CHO]/[O;] > 0.5 show that the quantum yield for methanol from
this source is constant at ~ 1.3, independent of acetaldehyde pressure and I,.
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The lower set of data in Fig. 2 shows a plot of ${CD;OD(H)} vs. [CD;CDO}/
I,” from the (CH3N,CH; + CD3;CDO) system, that is, the methanol from all
non-azomethane sources. Once again, the data for [CD;CDO]/[0,] > 0.5
show that methanol from these sources is independent of acetaldehyde pres-
sure and I,,. The plot has an upper limiting value for ®{CDzOD(H)} of 3.40
which, when subtracted from the upper limiting value of the plot for metha-
nol from all sources (upper plot, Fig. 2}, yields a value of 1.90 for the quan-
tum yield of methanol from azomethane sources. Thus, both the two exper-
imental measurements for the ®{CD3OD(H)} from the CD3N,CD; are in rea-
sonable accord with the calculated value.

Figure 6 is a log-log plot of the quantum yield of CH;COgH and
CD,CO;D(H) vs. [acetaldehyde] /I,*. The data for ®{CH;CO,H} ([CH;CHO]/
[O2] > 0.5) can be fitted to a straight line of slope 1 indicating that
&{CH3COzH} is directly proportional to [CH;CHO]/I,*, as indicated by
eqn. (VIII). The constant of proportionality is (kg/k7)"[R1a/(R1p + R1c)]”
which has a value of 5.4 X 1073 (Torr-s)” %, and thus kg /k% = 6.0 X 1072
(Torr-s)™* for the non-deuterated peracetic acid. The data for ®{CD3;CO,D(H)}
([CD4CDO]/[0,] > 0.5) can also be fitted to a straight line of slope one
except at high values of the [CDsCDO] /I, * ratio. We have no explanation
for the lower quantum yields obtained in this regime. Also, the value of
kslkY [Ria/(Ry, + k1)1 " obtained for the deuterated peracetic acid is 1.16 X
1073 and thus kg/k,;" = 1.29 X 1072 (Torr-s)~*, a factor of 4.6 lower than
the corresponding rate constant ratio for the non-deuterated peracetic acid.
Since no isotope effect was observed in the other expressions involving k-
obtained above, the isotope effect is attributed to reaction (5).

It is impossible to accurately predict the value for the kinetic isotope
effect observed in reaction (5) without knowing the details of the potential
energy surface on which it occurs. However, if we ignore the contributions
from tunnelling, we can calculate the maximum value from known reactant
parameters (mass effects and zero point energy of reactants). Using this
technique we obtain a value for the ratio k5 {H}/k5{D} of 8.9. This number
will be reduced by an amount related to the lowering of the zero point en-
ergy of the activated complex. Since the reaction is essentially thermoneutral
and the two groups attached to the H atom in the activated complex are of
similar mass, the experimentally observed ratio seems quite reasonable.

In the abstraction of H or D from CH,4 or CD, by Cl, the isotope effect
at 25 °C was found to be (k{H}/k{D}) = 11 [22, 23] . This reaction is also
essentially thermoneutral and the mass ratios in the activated complex are
similar to those found in the present system. Russell [24] has reported an
isotope effect of 5.5 for hydrogen abstractions by complex organic peroxy
radicals in solution. Thus the isotope effect reported in this work is in accord
with those studies in similar systems.

Conclusions

The product distribution found in the photolysis of azomethane in the
presence of acetaldehyde and oxygen is strongly dependent on the ratio
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Fig. 6. Log-log plots of the quantum yield of peracetic acid vs. [acetaldehyde] /Iav’.
(1) CH3COzH from the (CH3N,CH3 + CH3CHO) () and (CD3gNoCD3 + CH3CHO) (©)
systems. (2) CD3CO3zD(H) from the (CHgN,CH3 + CD3CDO) system (0).

[ Acetaldehyde]/{O5]: ® ® <0.2; 0.3, 0.2-0.5;9,0.5-1.0;0, 0, C>1.0.

[CH;CHO]/[O,]. At high values of this ratio ([CH3CHO]/[O,] > 0.5), the
experimental results can be described by a mechanism in which essentially
all the methoxy (CHj0) radicals react with acetaldehyde to produce metha-
nol and acetyl radicals (reaction 2). At intermediate values of the ratio,
~ 1073 < [CH3CHO}/[0,] < 0.5, there exists a competition between acetal-
dehyde and oxygen for the methoxy radicals (reactions 2 and 3). From the
decrease in product quantum yields as [CH3CHO] /{O;] goes from 0.5 to
0.1, ko /k5 can be estimated to be between 10 and 20. Using a reported value
for kg at 300 K of 1.7 X 10% M~ 571 [25], k, can be estimated to be between
1.7 X 10%and 3.4 X 108 M 151

At low values of the ratio, [CH3CHO]/[O;] < 1073, essentially all the
methoxy radicals react with oxygen to form CH,O and HO, which goes on
to produce methylhydroperoxide — the product observed in the photo-oxi-
dation of azomethane [12]. It is in this regime that Subbaratnam and
Calvert [11] photolyzed azomethane in the presence of acetaldehyde and
oxygen and thus observed methylhydroperoxide and not peracetic acid as
a major product.

At values of the [CH3CHO]/[O,] ratio greater than 0.5, the experi-
mental product quantum yields are consistent with the mechanism given by
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eqns. (1) - (8). On the basis of this mechanism, the rate coefficient ratios ob-
tained are summarized in Table 5. As presented in the discussion, the occur-
rence of the isotope effect in the rate constant for reaction (5) is both ex-
pected on theoretical grounds and is of the same order of magnitude as re-
ported isotope effects for similar systems.
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Appendix

In the photo-oxidation of CD3N,CD; [12], k./k1 was determined to be
0.22 + 0.06, the error being based on the experimental precision of the
methanol product quantum yields. However, in the photo-oxidation of
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CH3N,CHj, the 0.43 value for k,,/k, was determined from measurements of
the methylhydroperoxide product quantum yields. Since the experimental
mass spectral sensitivity for this product was very imprecise, the calculated
value for kq,/k; could have been anywhere from 0.18 to 0.75. Thus the value
of 0.22 £ 0.06 for k,,/k, obtained from the CD3N,CD;,; photo-oxidation
study is better from the standpoint of experimental uncertainty. For the
light system, Parkes [26] has obtained ki,/k1, = 0.59 which gives k,/k, =
0.35, assuming k,./k, = 0.07. This value is intermediate to our two values
for the deuterated system.

If the 0.22 value for kq,/k, is used to calculate the ratio of rate con-
stants kg/(k,k;)” from eqns. (VI) and (VII), this ratio is found to be 7.49 +
0.78, a number much larger than the maximum value of 2 expected from
statistical considerations. For this reason, the value for ky,/k, of 0.45 + 0.15
obtained in this work was used in the calculations despite the larger experi-
mental uncertainty associated with it.



