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The near-UV photolysis of methyl nitrite in the presence of oxygen was 
investigated at pressures near 1 atm. The initial process is 

CH,ONO + hv -+ CHsO + NO 

which occurs with a quantum yield of unity under the conditions used in 
this work. The primary products react further by a complex mechanism to 
yield avariety of products which include NOz, HNOs, HCHO and CHsON02. 
Methyl nitrate exhibits a strong dependence on O2 and NO,; this could be 
interpreted in terms of competition between the reactions 

CHsO + NOx (+M) + CHs0N02 (+M) (5) 

CHsO + OS + HCHO + HO2 (4) 

The ratio k4/k5 was determined by computer simulation of the experimental 
data over a range of temperatures and compositions and k4 was evaluated 
using a literature value for Its. By combining all the available data for k4 over 
the temperature range 296 - 450 K the following Arrhenius expression was 
derived: 

k4 = (1.26?_!&.) X lo-l3 exp C-(1352 f 340)/15)cm3 molecule-’ s-l 

1. Introduction 

It is now reasonably well established that the primary process in the 
photolysis of alkyl nitrites of low molecular weight in their near-UV absorp- 
tion band is dissociation to give alkoxy radicals [l] . Thus photolysis of 
methyl nitrite provides a convenient source of methoxy radicals: 

*Present address: Science Department, University of Durham, South Road, Durham, 
Ct. Britain. 
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CHeONO + hu + CH30 + NO (1) 

The chemical behaviour of CH,O in systems containing O2 (or air) and the 
nitrogen oxides NO and NO2 is of particular interest in connection with 
atmospheric chemistry, where CH,O is believed to be an intermediate in the 
oxidation of methyl radicals to formaldehyde by the reactions [ 21 

CHs +Oa +M + CH302 +M (2) 

CH302 + NO --f CH30 + NOB (3) 

CHsO + Oa -+ HCHO + HOa (4) 

Very strong evidence for the production of CH,O and the occurrence of 
reaction (4) comes from a flash photolysis study of CH,ONO [3], where 
rapid production of OH has been observed to follow the flash. This can 
readily be explained by reaction (4) followed by the fast reaction of HOz 
with the NO produced in reaction (1). Unfortunately there have been no 
direct measurements to date of the rate constants for reaction (4) or any 
other reactions of the CHsO radical. However, there is much information, 
sometimes apparently conflicting, on the relative rates of CH,O reactions, 
obtained from product analysis studies of chemical systems of greater or 
lesser complexity. 

Two recent studies have yielded measurements of k4 relative to the 
reaction of CHsO with NOz (tZs) using dimethyl peroxide as a thermal source 
of CHsO. 

CH,O + NOa (+M) + CHBONOz (+M) (5) 

Barker et al. [ 4] have monitored changes in the total pressure and in [NO,] 
and Batt and Robinson [ 51 have used gas chromatographic analysis to deter- 
mine the amount of CHsONOa formed from dimethyl peroxide-O,-NO2 
mixtures. Both groups have been able to deduce values of k,/k5 from their 
data over a limited temperature range around 400 K; the results are in 
moderately good agreement. 

The photolysis of methyl nitrite in the presence of 0s has been used 
previously to obtain a value for k4 relative to the reaction of CH,O with NO 
161. 

CH,O + NO (+M) -, CHBONO (+M) (6) 

The relative rates obtained in this study at room temperature seem to be 
consistent with a recent study of the photo-oxidation of CH+ in the presence 
of NO and NOz carried out in our laboratory [2]. Methyl nitrite photolysis 
in 0, and air has also been studied by Gay et al. [ 71 who have identified the 
major products by Fourier transform IR spectroscopy. The data are entirely 
consistent with reaction (1) being the major photochemical pathway. 

The importance of reaction (4) has also been recognized in low tem- 
perature combustion systems where CHsO is generated as a secondary radical 
during the oxidation of CHs. Some of these data at room temperature [ 8, 91 
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point to a much lower value for kd than is indicated from the aforementioned 
studies. However, the higher temperature data [ 10 - 121 are reasonably 
compatible with the recent dimethyl peroxide decomposition studies [4, 51. 

The present study was initiated in order to confirm the mechanism of 
photo-oxidation of methyl nitrite at room temperature and to use this system 
to obtain a value for ka, in a temperature range intermediate between that 
employed in the previous photochemical and thermal studies, relative to the 
association reaction (5). 

2. Fxperimental 

Two experimental systems were used in this study of the photolysis of 
methyl nitrite. Most of the data at room temperature (298 f 3 K) were 
obtained using low concentrations of CHsONO (( 1 - 5) X 101” molecules 
cmBS) diluted in 0s or 0s + N2 mixtures at atmospheric pressure and con- 
tained in a 250 1 bag made of polyvinylfluoride film (DuPont “Tedlar”). 
The bag was positioned between two banks of 20 W fluorescent blacklights 
(Philips TL 20/08) which gave homogeneous radiation in the region 310 - 
410 nm, with maximum intensity at 350 nm. 

The concentrations of CHsONO and its photolysis products were 
followed as a function of time by withdrawing successive samples, using a 
small pump, through a polytetrafluoroethylene tube which projected into 
the centre of the bag. Gases entered the bag through a similar tube and 
CHaONO and other reactants were introduced as aliquots of the pure com- 
pound, which were flushed into the bag in a stream of diluent (N, or 02). 
Analysis of CHaONO and CHsONOs was by gas chromatography using 
flame ionization detection (FID) and electron capture (EC) detection res- 
pectively. Separation was achieved on a 2 m glass column containing PEG400 
on Cbromosorb and the system was calibrated using pure samples of the 
compounds diluted in N2 and Op. A commercial chemiluminescence analyser 
(TECO Model 12A) was used to analyse for NO and NO,. In the NO, mode 
the instrument responded quantitatively to NO, NOa, HONO, CHsONO and 
CH,0N02 but did not respond to HNOs. HONO, which was not normally 
present in detectable amounts, could be distinguished by its high solu- 
bility in aqueous alkali [ 23. The NOa was determined by subtraction of the 
measured concentrations of NO, CHaONO and CHsONOs from the total 
NO, signal. The decline in total NO, during photolysis was assumed to be a 
measure of the HNOs formed. In a few experiments ozone was measured by 
chemiluminescence from the 0s + CzH4 reaction. Analysis for formaldehyde 
was carried out using the MBTH calorimetric method as described previously 
121. Possible interference from other photolysis products could not be 
checked easily and the overall accuracy of the data for HCHO is uncertain. 

The study of methyl nitrite photolysis at higher temperatures was 
carried out using a more conventional photolysis system comprising a cylin- 
drical quartz cell, 15 cm long and 3.8 cm in diameter, mounted in a steel 
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block furnace and attached to a vacuum system. A parallel beam of 366 nm 
light, isolated using filters from a medium pressure mercury arc (Osram/ 
Thorn Type ME), passed axially through the cell and was monitored on a 
blue-sensitive photocell. The light intensity showed little change with time 
and excellent reproducibility from day to day. Mixtures of CHsONO 
(6 X 1016 molecules cm-“) with other reactants were prepared in the 
photolysis cell, allowed to mix for 2 h and irradiated for 5 min. The contents 
of the cell were then quenched in liquid N2 and the non-condensable gases 
were pumped off prior to gas chromatographic analysis. CHsONO and 
CH30N02 were separated on a 2 m column containing 20% 0,/l’-oxydipro- 
pionitrile on Chromosorb and detected by FID. In runs with added isobutane, 
the residual i-C4Hlo was removed by pumping at 173 K’ and methyl ethyl 
ketone was added as an internal standard to monitor losses of CH,ONO 
during this operation. 

Methyl nitrite was prepared either by reaction of CH,OH with acidified 
NaNOz or by exchange between methanol and commercial amyl nitrite 
(BDH). The product, which was purified by fractional distillation, was stored 
in the dark. The only detectable impurity was 0.3% CH,OH. Methyl nitrate 
was prepared by the reaction of methanol with a concentrated H&lo*-HN03 
mixture at 273 K in the presence of urea. The dried product contained no 
impurities detectable by gas-liquid chromatography. N, (high purity) and 
O2 (breathing grade) were used as supplied by BOC. 

3. Results and discussion 

3.1. The photdysis of low concentrations of CH30N0 in N2 + O2 
Figure 1 shows the concentration-time behaviour of the reactant and 

several products in the photolysis of 9.47 ppm CH,ONO in 1 atm of Nz + 
25% O2 at room temperature (1 ppm = 2.45 X 1013 molecules crnT3 at 
760 Torr and 298 K). The main products formed initially are NO, NOz and 
HCHO but all of these are consumed in secondary reactions. NO declines 
very quickly after an initial sharp rise, whereas concentration maxima for 
HCHO and NO, are attained after about 30 min. The rates of formation of 
methyl nitrate and nitric acid increase with time, indicating that these are 
secondary products. These observations are entirely consistent with those of 
Gay et 02. [ 71, who also observed OS, Nz06, CO and HCOOH as secondary 
products: consideration of the carbon balance has shown that the CO and 
HCOOH can be entirely accounted for by oxidation of HCHO. 

The kinetic behaviour illustrated in Fig. 1 was typical of that observed 
over a variety of conditions. The initial methyl nitrite concentration was 
varied from 2 to 20 ppm and in some cases NOz (up to 4.4 ppm) was added. 
The fraction of Oz in the diluent gas was varied between 3.5 and 100%. 
These changes in composition did not noticeably affect the first order decay 
rate of CH30N0 (see Section 3.2) but the yield of methyl nitrate was sensi- 
tive to the relative amounts of 0, and NO2 present. 
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Fig. 1. Concentration-time behaviour in the photolysis of CHsONO in the presence of 
Nz + 25% 02 at atmospheric pressure and room temperature. Experimental points: 
0, CHsONO; l , NO (X 10); 7, NO2; A, CHaON02; X, “HNOa”; n , HCHO. Computed 
curves: (see text) as lab&led; . . . . computed curve for NO without addition routes for the 
OH + CHaONO reaction. 

3.2. Kinetics of the decay of CW,ONO and the quantum yield for 
photodissociation 

The decay of methyl nitrite as a function of time is shown in Fig. 2. 
CH&NO removal is approximately first order to at least 99% decomposition 
and the rate is proportional to the number of fluorescent lamps activated. 
This indicates that primary photodissociation is the dominant loss process 
for CHBONO and that secondary reactions are relatively unimportant. This 
was confirmed in computer simulations which are described in Section 3.4. 
These simulations show that the decay rate constant for CH,ONO, as deter- 
mined from logarithmic plots such as those given in Fig. 2, is 20% greater 
than the photolysis rate constant k 1. The quantum yield @(CH,ONO) for 
CH,ONO photolysis was estimated by comparing the photolysis rate constants 
for CH,ONO, HONO and NO2 with the estimated relative rates of light 
absorption of these species in the reactor, The latter were calculated from 



Fig. 2. Decay curves for the photolysis of NOz, HONO and CHsONO in the presence of 
Nz or Nz + 02 at a pressure of 1 atm. 

the overlap of the absorption cross sections uh for CHsONO [l] , HONO [ 131 
and NOz [ 141 and the intensity function of the light source was measured 
using a photometer. The individual products Iko~ were averaged over 5 nm 
and the absorption rate was calculated from k, = 
with an estimated error of f 5%. 

f Ikuh in arbitrary units, 

Figure 2 also shows decay plots for HONO, measured during the photo- 
lysis of a mixture containing initially HONO (9.2 ppm), NOz (1.6 ppm) and 
NO (1.2 ppm) diluted in 1 atm of Nz + 40% Os, and for NOx, measured during 
the photolysis of a mixture of NOa (8.5 ppm) and NO (2.5 ppm) in Na_ 
Both decay plots are curved since the HONO and NOa photolyses proceed 
by complex mechanisms. In order to extract the primary dissociation rate 
from the observed decay curves shown in Fig. 2, the data were analysed 
using previously described methods and kinetic information from this 
laboratory for HONO photolysis [ 153 and from the work of Wu and Niki 
[ 163 for NOz photolysis. The results are summarized in Table 1 which shows 
the photodissociation rates, the light absorption rates and the values of 
G (CHsONO) calculated on the basis of the established unit quantum yields 
for the photodissociation of HONO and NO2 [ 17,181, i.e. 

k, k HoNo 
@(CH,ONO) = - a k, k, No2 

47 ka 
CH30N0 =- 

k21 ka 
CHsONO 

where k2, and kal are the rate constants for the processes 

HONO + hv -HO+NO (27) 

NO2 + hv -NO+0 (21) 

Considering the experimental error in this determination (f lo%), a compari- 
son with the HONO photolysis data suggests that + (CHsONO) = 1 but the 
NO2 photolysis data give a slightly larger value. The higher value is probably 
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TABLE1 

Quantum yields for photodissociition of CHaONO 

Photochemical Light absorption 
reactant note {relative} 

Photodis8ociation 
rate (s-l x 104) 

@(CHsONO) 

CH&NO 1.0 9.7 f 1.2 
HONO 0.71 7.2 * 0.8 0.96 
NO2 2.5 20.5 i 0.22 1.18 

caused by underestimation of kzl due to impurity O2 in the photolysis mix- 
tures. Significant errors can be introduced into the determination of k2 if 
the O2 level is more than 100 times greater than the NO, level, i.e. approxi- 
mately lo3 ppm, and impurity O2 levels of this order are very likely to be 
present in the bag mixtures prepared in this study. It is concluded therefore 
that the primary photodissociation of CHsONO proceeds with a quantum 
yield of unity. 

3.3. The photolysis of higher concentrations of methyl nitrite: temperuturv 
dependence of methyl nitmte formation 

To confirm the nature of the initial photodissociation of CHsONO and 
to measure its rate, the photolysls of CHsONO (6 X 10” molecules cm-s) 
was studied in the presence of isobutane (approximately 1.5 X lOm mole- 
cules cms5) at 100 “c. The only products detected were methanol and 2- 
methyl-2-nitrosopropane, showing that the following reactions dominate the 
chemistry : 

CHsONO + hv - 

CHsO + i-C4Hm --+ 

t-C,& + NO + 

CHsO + NO 

CHaOH + t-CIH9 

C4H,N0 

Based on the yield of CHsOH, the extent of reaction during the constant 
photolysis time of 5 min was 14%. 

When the isobutane was replaced by 1 atm of 02, methyl nitrate and 
formaldehyde were detected on the gas chromatograph, but only the former 
was measured quantitatively. The quantum yield for CHsON02 formation 
was determined at a series of temperatures in the range 26 - 150 “c and using 
a fixed extent of reaction of 14%. The results are shown in Table 2 which 
gives mean values of three experiments at each temperature. Although the 
data show considerable variation, there is a slight tendency for Q(CHaONOa) 
to decrease with increasing temperature. 

3.4. Kinetic analysis of results 
The primary objective of this study was the determination of the rate 

constant for the reaction of CHsO with 0s. If photodissociation of CHsONO 
is the only source of methoxy radicals, the kinetic behaviour of CHsO in 
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TABLE 2 

Quantum yields for CHaONOz formation in the photolysis of CHSONO-Oz mixtures8 

Temperature (K) @(CH30N02) 

299 0.29 
306 0.33 
335 0.32 
354 0.28 
373 0.29 
373 0.30b 
387 0.25 
408 0.26 
423 0.22 

bThe a[CH30NO]~ initial 
= 6 x 1016 molecules cmm3; 

[Of] 10 6 
= 1 atm. 

NO2 concentration was 3.04 x molecules cm-‘. 

CH,ONO photolysis will be governed to a first approximation by the follow- 
ing reactions: 

CHsONO + hv _if CHsO + NO (1) 

CHsO + Oa - HCHO + HOa (4) 

CH,O + NOs - CHsONOz (5) 

CH30 + NO - CH30N0 (6) 

- HCHO + HNO (7) 

HOa + NO --+NOs+OH (9) 

Steady state analysis yields the following expression for the inverse quantum 
yield am1 for CH30NOz formation: 

cp-l = l + (12, + W[NOl + U023 

k5 [NO21 k5tN021 
0) 

For the photolysis of low concentrations of CHsONO in the presence 
of O2 it was found that, over most of the reaction time, [NO,] B+ [NO]. 
Since k, = (2.03 f 0.47)2k, [19] and k, = 0.17 k, 16, 201, the term invol- 
ving [NO] in eqn. (I) becomes negligible and a plot of (Q-l - l)[O,] -l, 
determined from the ratio of the instantaneous rates of change of concenka- 
tion of CHsON02 and CH,ONO, uersus [NOz]-l at time t should be linear 
and should pass through the origin. A plot of selected data from the low con- 
centration experiments is shown in Fig. 3. The expected [02] /[NO21 depen- 
dence can be seen and a linear least-squares analysis gave a slope of (1.04 * 
0.16) X lo-* and an intercept of -(0.3 f 0.9) X 10M6. The ratio k4/k5 is 
well defined by this plot. Although the negative intercept is not significantly 
different from zero, the possibility of a systematic error rising from this sim- 
plified analysis cannot be ruled out. 
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Fig. 3. A plot of (<a’ - l)[O,]-*, where 4) is the quantum yield of methyl nitrate 
formation during the photolysis of CHaONO, us. the inverse of the concentration of NO2 
present. Mole fraction of 02 in diluent: 0,0.036; 0, O.lO;v ,0.2O;v, 0.26; 0,0.76; 0, l , 
1 .O. Filled points: additional NO2 present initially. 

In the experiments at high concentrations of CH,ONO, the NO and 
NO2 concentrations were not measured. However, it can be readily shown 
that, since a significant fraction (approximately 30%) of the CHsO reacted 
with NOa to form CHsON02, insufficient HOa would be produced in 
reaction (4) to prevent the net production of an appreciable amount of NO 
from reaction (1). Thus the term involving NO in eqn. (I) cannot be neglected 
and the data cannot be analysed in a simple fashion. 

In order to make best use of all of the available data, a complete mecha- 
nism for the photolysis of methyl nitrite--O2 mixtures was developed by 
computer simulation techniques utilizing the Harwell programme FACSIMILE 
[ 211. The mechanism was tested against the observed concentration-time 
behaviour and the rate constanti were optimized using the criterion of mini- 
mum least-squares deviation between the experimental and computed curves. 

3.5. Mechanism for the photolysis of methyl nitrite 
In addition to reactions (1) and (4) - (8) the following reactions were 

incorporated into the kinetic analysis: 

HO2 + NO2 c--HOzNOz m (-9 

OH + NO2 - HNOs (10) 
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OH+NO - HN02 

OH + HCHO __+ H,O + CHO 

- H + HCOOH 

OH + CH,ONO - H,O + HCHO + NO 

CHO + 0% 

H+Oa 

CH,O + HNO 

HO2 + HO2 

NO2 + hv 

0 + 02 

NO+O, 

NO2 + O3 

NO3 + NO 

NO3 + NO2 

HONO + hv 

CHBO + HOa 

- CHsO + HONO 

02, CH,0N02 + HO2 

--+CO+H02 

3 HO2 

__+ CH,OH + NO 

- H,02 + O2 

-NO+0 

(M) 
- 03 

- NOz + O2 

- NOa + 02 

- 2NOa 

= N205 

---tHO+NO 

- CH,OH + O2 

(11) 

(12) 

(13) 

(14) 

(15) 

(161 

(171 

(18) 

(191 

(20) 

(21) 

(22) 

(231 

(241 

(251 

(261 

(27) 

(28) 

The absolute rate constants for CHsO were evaluated using the thermochem- 
ical kinetic estimate for ke of 2.09 X lo-l1 cm3 molecule-l s-l (k a factor of 
2) [ 221, which is based on measurements of the Arrhenius parameters for 
the thermal decomposition of CH,ONO, a calculated entropy change AS: 
and the assumption that Es = 0. The ratios ke /k5 and k6 lk, were assumed to 
be temperature independent. Kinetic data for peroxynitric acid formation 
and decomposition were taken from two recent studies [ 23,241. The overall 
rate constants for the reactions of OH with HCHO and CH,ONO were 1.3 X 
lo-l1 and 1.6 X lo-l2 cm3 molecule-’ s-l respectively [ 25, 26] and the 
relative rates for the different reaction channels were evaluated as described 
later. McGraw and Johnston’s 1201 value of 5 X lo-l1 cm3 molecule-’ s-l 
was employed for reaction of CH,O with HNO, although this reaction was of 
negligible importance for most of the experimental conditions. The same 
value was used for the reaction of CH,O with HOs_ The alternative fate of 
HNO is believed to be N20 formation [6] : 

2HN0 - N,O + H,O 

However, the kinetics of this reaction are unclear and it may be a hetero- 
geneous process. The remainder of the rate constants were taken from a 
recent CODATA evaluation [ 251. 
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The mechanism described accounts for all the products of the photolysis 
of CHaONO-OS mixtures which have been observed in this study, in the IR 
study by Gay et al. [ 73 and also in the study of Wiebe et al. [6]. The mecha- 
nism also gives the correct kinetic dependence of the reactants and products, 
as can be seen from the concentration-time curves shown in Fig. 1 which 
were obtained by computer simulation, The experimental data for CH,ONO, 
CH80NOB, NOa, NO and HNO* are well fitted in the &m&&ion. The com- 
puted formaldehyde concentration is higher than the experimental value by 
a constant amount of 0.65 ppm (1.6 X 1Ozs molecules cm-‘), suggesting an 
interference in the analysis. The simulated curve labelled HNOs also includes 
peroxynitric acid which reached a maximum concentration of 1.6 X 1 OU mole- 
cules cm- * after 40 min photolysis. The total HNOB + HOaNOa is seen to give an 
excellent fit to the experimental points obtained from the loss in measurable 
NO, during photolysis. 

In the simulation illustrated in Fig. 1, the data for CH,ONO, CH,ON02, 
NO* and NO were used to obtain optimized values for the photolysis rate k1 
and the rate constant k4 for the CHaO + Oa reaction. The experimental value 
for k, of 6.2 X low4 s-l, obtained from the first order decay plot of CH*ONO, 
was used as initial input, together with k4 = 1 X lo-l5 cm8 moleculeY1 s-l 
based on analysis using eqn. (I); the optimized fit was obtained with values 
of (5.2 f 0.45) x 1o-4 s-l and (1.12 f 0.16) X lo-l5 cm3 molecule-’ 6-l 
respectively (the error limits are 95% confidence limits). 

The reduction in kl results from the removal of CHaONO by OH, 
reactions (14) - (16). Information on the reaction pathway for this process 
was obtained from the experimental [NO] uersgus time behaviour in the 
initial stages of the reaction. Initially the simulation was carried out with 
reaction (14), involving hydrogen atom abstraction, as the sole pathway for 
the attack of OH on methyl nitrite. The resultant NO profile is indicated by 
the dotted curve in Fig. 1 and exhibits completely different hehaviour from 
that observed experimentally, in that the net NO production is much too 
high in the initial stages. When all three routes (14) - (16) were included and 
the branching ratios were allowed to “float”, keeping the total rate constant 
k14 + kle + k16 equal to the value given by Campbell and Goodman [ 261, the 
NO behatiour illustrated by the full curve was obtained. The optimized 
branching ratios were k14:klb:k16 = 1.0:(0.80 f 0.10):(0.08 f 0.66). It is 
suggested on the basis of these kinetic results that the reaction of OH with 
CH,ONO occurs, at least in part, via an addition reaction to form a CH,ON- 
(OH)0 species which can decompose to yield CHaO + HONO or can react 
with O2 to give CH,ONOa + HOa. 

The two channels for the attack of OH on formaldehyde were included 
to account for the observations of Gay et 01. 171 who have found that an 
excellent carbon balance can be obtained if secondary oxidation of HCHO 
leads to both CO and HCOOH as products. The simplest and most reasonable 
pathway to HCOOH is addition of OH to HCHO followed by hydrogen atom 
elimination, as suggested by Horowitz et ul. 1271: 

HO + HCHO - [HaC(OH)O] - HCOOH + H Ar= -91 kJ mol-’ 
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The only loss process for HCHO other than OH attack is direct photolysis, 
which can be estimated to be relatively slow in these systems on the basis of 
the known light intensity function and the HCHO absorption cross section. 
An optimization run on the data of Gay et al. [ 7) to obtain the branching 
ratio for reactions (12) and (13) gave an excellent fit to their concentration- 
time curves for HCHO, CO and HCOOH using k,,/k,, = 0.20 f 0.03. Thus 
approximately 18% of the reaction of OH with HCHO at room temperature 
and atmospheric pressure may occur by addition. 

Since the mechanism proposed seems to give a satisfactory explanation 
of the experimental observations in the CHsONO photolysis, it may be 
employed with some confidence in the optimization procedure for abstracting 
values of kq from all of the CHsONOs data. It should be emphasized that the 
absolute value of k4 is obtained relative to the rate constant k6 for the addi- 
tion of CHsO to NOs and that the accuracy is limited to a factor of *2, 
arising from the uncertainty in k,. Tables 3 and 4 show values of k4 obtained 
by optimization of the fit to the kinetic data at room temperature (298 f 
3 K) using the low concentration data and at higher temperatures from the 
high concentration and fixed reaction time data. 

At 298 K the value of k4 shows little or no systematic variation over a 
75-fold change in the mean ratio [NOs] /[O,] and over a 50-fold variation in 
the initial CH,ONO concentration. Also, addition of NOs at the start of 
photolysis does not influence the results. Thus CHsO seems to be well defined 

TABLE 3 

Rate constants for the reaction CH30 + 02 --f HCHO + HO2 from computer simulationsa 

[NO21 x lo-l3 
(m$yules 

cm ) 

ENW/UWb 
(mean X 105) 

k4 (cm3 
molecule-l 
s-l)= 

19.6 2.5 - 0.16 0.87 
22.1 2.5 2.5 0.25 1.03 
26.9 2.5 2.5 0.29 1.24 
34.6 2.5 2.1 0.35 1.10 
42.8 2.5 - 0.39 1.34 
20.6 2.5 10.8 0.50 1.34 
51.3 i-8 0.53 1.41 
21.5 0.61 - 0.98 1.20 
23.8 0.49 2.2 1.35 1.34 
45.3 0.25 2.90 1.90 
29.6 0.25 3.8 3.0 1.10 
12.4 0.09 1.6 3.9 1.71 

600 2.4 - 12.0 l-64* 
mean = 1.32 

a Initial conditions at 298 K. 
bApproximate mean ratio of [NO21 /[ 021 during the reaction 
‘Calculated relative to a value of 1.05 X lo-l1 cm3 molecule-1 6-l for k6. 
dA “high concentration” result. 
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TABLE 4 

Rate constants for the reaction CHaO + O2 + 
HCHO + HO2 from computer simulationsa 

Xempemtztre (K) k* (cm3 molecule-1 s-l) 

306 2.26 
336 2.67 
354 2.50 
373 2.81 
373 2.30 
387 3.50 
408 3.65 
423 2.12 

*Temperature dependence; [CH,ONO] = 6 X 
1015 mdecules cmS3- , [OS] = 1 atm. 
by the competition between reactions with 02, NO and NOa over a wide 
range of reaction conditions. The mean value for k4 of 1.32 X IO-= 
corresponds to a ratio k4 /k, of 1.25 X lo-* for which we estimate an overall 
uncertainty of *30%. 

At the higher temperatures tbe values of k4 are much less well defined 
from the computer analysis, since there were insufficient data points at each 
temperature to define the competition between reactions (4) and (5) in the 
absence of measurements of [ NOa] during the reaction. Nevertheless, the 
median values show a slight increase in k4 with temperature. 

Figure 4 shows an Arrhenius plot of all the reported values found for 
k, in the temperature range 298 - 422 K. The present data at 298 K are in 
excellent agreement with the results of the CH30N0 photolysis study of 
Wiebe et al. [6] which gives k4 = 1.16 X lo-l5 cm3 molecule -’ s-l, based on 
their measuredvalues for k4/(k6 + k7) of 4.7 X 10V6 and for k7/(ks + k7) of 0.145 
and the absolute value of k6 obtained from thermochemical kinetic data 
from CHaONO pyrolysis [ 221. The value reported by Kirsch and Parkes [ 111 
is somewhat higher but, considering that effectively it was measured using 
the reaction of CHaO with isobutane as a reference for which k = 3.2 X lo-l3 
exp(-2060/T) cm3 molecule -l s-l [ 281, the agreement can be considered to 
be satisfactory. Similarly, at 428 K the Kirsch and Parkes [ll] value for k, 
of 5.8 X lo-l5 cm3 molecule-l s-l is a little higher than most of the data in 
this temperature region which were obtained from studies involving CH,- 
OOCH, decomposition [4, 53. These latter values are based on the thermo- 
chemical kinetic estimate of k, [22], which was assumed to be independent 
of temperature. Although somewhat scattered they are in moderately good 
agreement with each other and with the data obtained at higher temperature 
in the present work. The k, values from the work of Alcock and Mile [lo] 
(at 373 K) and Selby and Waddington [12] (at 410 K), using complex low 
temperature hydrocarbon oxidation systems, are also consistent with the 
other data. These data sre also relative to hydrogen abstraction by CH,O 
from isobutane. 
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Fig. 4. An Arrhenius plot of data for k 4: 0, A, this work; 0, from ref. S;V, from ref. 6; 
x , from ref. 11; +, from ref. 12; 0, from ref. 6; a, from ref. 10. 

Least-squares analysis of all of the data with a tenfold weighting factor 
given to the mean 293 K value from this study gave 

k4 = (1.26?$$) X lo-l3 exp{-(1352 + 340)/T}cm3 molecule-’ s-l 

The error limits given are the 20 confidence limits from the regression analy- 
sis. Reaction (4) can occur either by a hydrogen abstraction reaction or via a 
Wioxide” complex. The transition states involved are 

CH,O’ + O2 - [OCH2---H---O21 -F - CHzO + HO2 

CH,O + O2 % 
4b 

- CH2--0-00H 

The Arrhenius factor A for the formation of the cyclic transition state 
is obtained from A&A&A& = 10-l’ 1012/101”6 = 10-15*6. This low A factor 
rules out the cyclic mechanism. Also, because of the strain energy involved in 
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ring formation and the activation energy required for the internal hydrogen 
atom abstraction, the overall activation energy could be high. The results 
suggest therefore that the reaction of CHsO with 02 occurs via simple 
metathesis. 
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