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The products of the self-reaction of methylperoxy radicals have been determined at 296 K in a 140-L chamber
using continuous ultraviolet photolysis with FTIR detection. The branching fraction for the reaction channel
giving methoxy radicals is found to be (414)%, in good agreement with two earlier studies but somewhat
higher than the most recent investigations. No evidence was found for the production@OCH (yield

<6%). The addition of ozone led to changes in the rates of formation of the major products, which could
largely be explained by chemistry of the OH radical. However, some evidence was found for a slow reaction
of CH;0, with Oz occurring with a rate coefficient of ¥ 10717 cm?® molecule s1, with an uncertainty of

a factor of 2. As part of the present work a relative rate technique was used to mig&uteCHz;N,CHz)

= (4.8 £ 0.6) x 10 cm® molecule® st at 296 K. The decay of peroxy radical concentrations in the
nighttime clean troposphere is interpreted in terms of the product branching ratios and the rate coefficient for

the reaction of CKD, + Oa.

Introduction

Organic peroxy radicals, RQwhere R is an alkyl or acyl
group), are involved in the production of ozone in the
troposphere through their interaction with active nitrogen
species:3

RO, + NO— RO+ NO, 1)
RO+ O,— R'CHO + HO, @)
HO, + NO— OH + NO, @)
NO,+ hv —NO + O (4)
O+0,+M—0,+M (5)

major radical to CHO..17° Under these circumstances the
predominant loss process for R@ the molecular channel of
the peroxy radical self-reaction 7b or the reaction with,HO

CH,0, + CH,0,—~ CH,0+ CH,0+ 0,  (7a)
CH,0, + CH,0,— CH,OH+ HCHO+ 0O, (7b)
CH,0, + HO,— CH,00H + O, ®)

The self-reaction of CkD-, radicals (reaction 7) has been the
subject of many studi¢$-22 Current recommendations for the
rate coefficienk; are based on studies that used time-resolved
UV absorption spectroscopy coupled with either flash pho-
tolysist®12 or modulated photolysi&™1® The product branch-
ing ratio has been determined using continuous photolysis (with

The sum of the peroxy radical concentrations present in the Product measuremer;ts using mass spectror@fyJR,**0or
atmosphere (RO+ HO) has been measured under a variety 92S chromatograph¥??, flash photolysis with UV detectiol,

of conditions using the chemical amplifier techniqo&. Models

or a slow flow photolysis technique with matrix isolation/FTIR

indicate that the sum of the concentrations of organic peroxy detection®* Studies of CHO, kinetics generally require a
radicals is normally equal to, or slightly less than, the concentra- knowledge of the product branching ratios for reaction 7, since

tion of HO, radicals during daylight?

Under conditions of low N@Q such as the marine or free
troposphere, the reaction of H@adicals with Q can become
a major loss of @3

HO, + O;— OH + 20, (6)

Thus, depending on the NQevel, peroxy radicals can be a
source or sink for @ For clean background conditions with

the methoxy radicals from reaction 7a lead to the formation of
HO, radicals, which then contribute to the @b} loss via
reaction 813-16

CH,0 + 0, — HCHO + HO, 9)
(8)

While a branching fractiork;4k; of 35—45% was found in

CH,0, + HO,— CH,00H + O,

low hydrocarbon loading, methylperoxy radicals are expected earlier studied’-2° more recent studies have suggested that the

to constitute almost 100% of the organic peroxy radicals.

At nighttime in the remote troposphere, peroxy radicals are

removed slowly, and the balance changes from, HEng the

radical channel may be less than 369822
The reaction of CHO, with ozone has only been studied once
before, by Simonaitis and Heickléa,and the products were
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assumed to be analogous to those in reaction 6. From the formation rate of HCHO in the photolysis of,€l
CH30H—0, mixtures, the Gl photolysis rate was determined
CH;0, + O;— CH,;0 + 20, (10) to be (1.2+ 0.2) x 108s™1L,

To assess the reactivity of azomethane, and the potential for
In that Study' ozone photo]ysis was used as the source of freeitS loss by reaction with OH, the rate coefficients for the reaction
radicals. Ozone was the 0n|y chemical Species measured' and)f chlorine atoms with azomethane were measured relative to
the results were analyzed in terms of the quantum yield for those of GHs and GHy, both in the presence and in the absence
ozone loss in a steady-state treatment. of O,. Pressures of reactants used in the relative rate experi-

We report here a study of the self-reaction of Chiradicals ments were AZM 56-71 mTorr, GH4 6.4 mTorr, GHe 15.2

using FTIR product analysis and examine the effect on product Of 28.2 mTorr, and GI310-490 mTorr, and the typical UV
yields caused by the addition ofsO Both the photolysis of irradiation periods were-210 s.
Cl,—CH;—0; and that of azomethar®, mixtures were used
as sources of C40,. Some discrepancies between previous Results
studies using the different sources are examined. The use of Relative Rate Study of the Reaction of Cl Atoms with
azomethane photolysis allows @b} radicals to be produced = CH3;N,CHs. The rate coefficient for the reaction of Cl atoms
independently of ozone photolysis, and a full product analysis with azomethane was measured using the relative rate technique.

constrains the number of unknowns in the system. The resultsTwo experiments were performed using each of the reference
obtained are used to interpret some recent atmospheric measurgyases ethane and ethene.

ments of peroxy radicals.

Cl + CH;N,CH; — products a7
Experimental Section
The experimental system has been described in detail Cl + C,Hg — HCl + C;Hg (18)
elsewheré* Experiments were carried out at 296 K in a large
Pyrex chamber surrounded by 22 black lamps. Methyl radicals, Cl+CH,+M—CH,LCI+ M (29)

produced by the photolysis of azomethane (AZM) or by the

photolysis of C} in the presence of methane, were converted The slopes of plots of IN[AZM] versus IN[REF] gave values

to methylperoxy by the presence of a large excess of oxygen:for the rate coefficient ratios of 0.8&4 0.04 relative to ethane
(in N2 or air) and 0.52t 0.04 relative to ethene (in air). When

CH;N,CH; + hy — CH; + CH; + N, (11) combined with the literature values fkiz?” andk,,28 identical
values ofky7 = (4.8 4 0.6) x 1071 cm® molecule! s~1 at 296
Cl, + hw—Cl + Cl (12) K are obtained. This result is similar in magnitudekig =

5.7 x 10711 cm® molecule? s71,27 indicating that the reactivity
of the —CHj; groups in azomethane and ethane with respect to
Cl atom attack is comparable.

CH; + 0, + M — CH,0, + M (14) Methylperoxy Self-Reaction. Experiments were performed

using the photolysis of AZM-O, or Cl,—CH;—0O, mixtures to

The azomethane photolysis lasted up to 30 min, while the CI  determine the product yield from the methylperoxy self-reaction.
CH,4 mixtures required only 2-min photolysis. Reactants and The major products observed were HCHO, O and CH-
products were monitored by FTIR spectroscopy at a resolution OOH with minor amounts of CO and HCOOH.
of 0.25 cntl. The oxygen partial pressure was varied between

Cl + CH, — HCI + CH, (13)

8 and 700 Torr, with the total pressure made up to 700 Torr CH;0, + CH;0,—~ CH,0+ CH,O0+ O, (7a)
with N, where necessary. The initial pressures used in the

experiments were azomethane, 22.5 or 255 mTorr;, @3- CH,;0, + CH;0, —~ CH,OH+ HCHO+ O, (7b)
39 Torr; Ch, 93 mTorr; Q, 35-51 mTorr. Ozone was produced

by the action of a corona discharge on a slow flow ef &nd CH,0 + O,— HCHO + HO, 9)
the mixture was flowed directly into the photolysis chamber.

The G concentration in the cell was quantified using a calibrated CH,;0, + HO, — CH,O0H+ O, (8)

reference spectrum taken from the library at Ford Motor

Company (over the frequency range 97875 lel; the Wallington and co-workef8-3! have shown that C}¥DOH is
mtegratedl absorption cross section is 149107 cm 6 major, if not sole ¥92%), product of reaction 8. The CO
molecule®). Azomethane was synthesized in near-quantitative 5,4 HCOOH are formed from secondary chemistry involving
yields using the oxidation of 1,2-dimethylhydrazine with .o5tions of CI atoms and HQvith HCHO 3233

mercuric oxide?> When not in use, it was stored in liquid The most reliable experiments were those using the-Cl
nitrogen. The infrared spectrum showed no signs of impurity ¢y, _air system, because the short photolysis times minimized
based on comparison with the literature spectrum of Niki et secondary loss of HCHO and GBIOH. Since Cl atoms are
al?® Formaldehyde was prepared by heating a sample of y;ch more reactive toward the reaction products (HCHOs-CH
para_formaldehyde_ _under vacuum. The formalt_jehyde CrossoH. and CHOOH) than toward Cli high concentrations and
sections were verified by producing HCHO in situ from the o, conversions of Cldmust be used, and the depletion of CH
photolysis of CHOH—Cl,—O, mixtures and by monitoring the  .annot be measured directly. However, the high methane
loss of methanol and the production of HCHO. concentrations did not interfere with the spectral analysis. The
results of a typical experiment are shown in Figure 1. Four
different experiments were carried out, using a range of oxygen
pressures. The results of these experiments are shown in Table
CH,OH + O, —~ HCHO + HO, (16) 1 and Figure 2. The ratios HCHO:GBH and CHOOH:CHs-

Cl + CH;OH— HCI + CH,OH (15)
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TABLE 1: Product Yields Obtained Using Cl,—CH,4 Photolysis

[Cl3o, [CH4]o, [O2o, time, HCHO, CH;0H, CH3;OO0H, CO, HCHO/ CH;300H/

mTorr Torr Torr S mTorr mTorr mTorr mTorr CH3;OH CH;OH
93 25.3 700 60 5.0 2.0 2.6 0.7 2.50 1.30
93 29.6 140 120 11.4 4.1 7.6 3.0 2.56 1.46
93 26.4 140 60 5.0 2.0 2.8 0.7 2.50 1.40
93 38.8 10.3 60 5.2 2.2 2.4 0.6 2.36 1.10
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Figure 1. Time dependence of the products obtained in the photolysis Figure 2. Product yields relative to that of GBH from the combined

of 93 mTorr of Ch and 26.4 Torr of CHiin air at 296 K. The lines are ~ Clz—CHs experiments. The HCHO and GBIOH yields have been fitted

for guidance only. using linear least-squares regressions; the CO and HCOOH have been
fitted using second-order polynomials to show the nonlinear growth.

0&¥
0

OH are 2.44+ 0.10 and 1.3t 0.2, respectively (uncertainties

are 2 standard deviations throughout the paper). As noted byhyde concentrations appeared to roll off slightly at longer times;
Niki and co-worker$? each of these ratios gives an independent this was due partly to saturation of the absorption at higher
measure of the ratiéiz/kz, provided that HQ radicals react ~ HCHO but also to increased HCOOH formation. Control
exclusively with CHO, to give CHHOOH and that the products experiments were performed in which HCHO was subjected to

are not lost to secondary reactions. photolysis under the same conditions as the azomethane; the
measured photolysis rate was>5107% s71. The photolysis
[HCHO] 2K, + ko rate of CHOOH has been measured to be less than 20-°

s 1in this chambe?? Thus, the photolysis of HCHO and GH

[CH;OH] K OOH is not expected to influence the product yields appreciably.

[CH,00H] 2k Product yields were measured relative to loss of azomethane
o srm N _ T using partial pressures of,0n the range 8700 Torr. The
[CHOH] kg azomethane photolysis rate, determined from the slope of plots

of IN[AZM] against time, was found to be (148 0.1) x 104
These measured HCHO:GBIH and CHOOH:CH;OH ratios s 1. This value was required for computer simulations of the
give consistent values &f4/ks;, = 0.71+ 0.05 and 0.65 0.1. CH30, + O3 reaction.
The mean of these values leads to a branching fra&tigky = Results from the azomethane experiments are presented in
0.41+ 0.03. It should be noted that some secondary attack of Table 2. For the experiments using low azomethane (shown
Cl atoms on the reaction products is unavoidable even with the in Figure 3), the average ratio HCHO:@BH was 2.55+ 0.10,
short reaction times used, as evidenced by the yield of CO while the ratio CHOOH:CH;OH was 0.92+ 0.1. The first
(roughly 15% of the HCHO). Computer simulatiGhsf the ratio leads tok;/kzn = 0.78 & 0.09, while the second gives
experiments with a chemical mechanism that accounts for kyg/ks, = 0.46+ 0.05. Thus, the experiments using azomethane
secondary reaction of Cl atoms with all the products suggest do not appear to give reliable information on the branching
that the observed HCHO and @BIOH yields are best repro-  fractions for reaction 7. At the lowest,@artial pressure used
duced withky/kzp, = 0.65+ 0.07 orkz4k; = 0.39+ 0.05. The (8 Torr), there was again some indication that the;O8H
reaction of Cl atoms with C§D, does not play a part due to yield was reduced, possibly indicating a slow reaction between
the low concentration of chlorine atoms. The experiment using CH3O radicals and azomethane.
10 Torr of G had a slightly lower yield of CHDOH, suggesting In the experiment using high azomethane, the HCHO yields
that not all the CHO radicals were being converted to L@ curved at longer times, as described above. The HCHO yield
rapid reaction of HQwith CH3O could account for this change, at shorter times <25 mTorr total product yield) was 2.66
but the effect was not large enough to allow a reliable correction 0.15 times the CkOH yield, while the CHOOH yield was 1.01

to be made. + 0.15 that of the methanol. These yields are indistinguishable
Experiments were also performed using the photolysis of from those at low azomethane, and the HCHO;OH ratios
azomethane. Inthe azomethane experiments bot®©EHNd are also in good agreement with those using the-CH,

CH3OO0H grew linearly with photolysis time, while formalde- source. However, the methylhydroperoxide yields are distinctly
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TABLE 2: Product Yields Obtained Using Azomethane Photolysis

[AZM] o, [O4]o, [O2o, time, HCHO, CH;0H, CH3;OO0H, Cco2 HCHO/ CH3;OO0OH/

mTorr mTorr Torr min mTorr mTorr mTorr mTorr CH;OH CH3;OH
255 0 140 20 40.8 21.5 18.5 1.6 2°%60 1.01
225 0 700 30 7.5 29 2.6 0.4 2.61 0.92
22.6 0 140 30 7.1 2.8 2.45 0.4 2.61 0.91
22.6 0 8.4 30 6.9 2.8 2.3 0.3 2.57 0.79
255 35 140 20 42.8 22.3 15.9 35 2c9 0.88
225 51 140 30 75 2.7 2.1 1.9 3%4 0.77

aCO yield is nonlinear with time; value given corresponds to end of fiHCHO yield given is for less than 15 mTorr conversiéiCHO

yield is time-dependent whens@s present; see text and Figure 4.
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Figure 3. Yields of HCHO and CHOOH relative to that of CEDH
for experiments using azomethane photolysis with partigh®@ssures
of 8—700 Torr.

lower than those found using the methane system. Both Niki
et al?® and Kan et al? used azomethane photolysis and found
low yields of CHHOOH relative to formaldehyde. Niki et &.
suggested that loss of GHOH may be partly responsible for
this discrepancy; however, the loss of §MOH is known to

be small in our chamber. Furthermore, the product yields after
6-min photolysis in the high-azomethane experiment are identi-
cal with those measured after 30 min using low azomethane,

so significant loss of CEBDOH cannot be occurring. The

discrepancy can be resolved by lowering the rate coefficient

for HO, + CH30,, so that more H@radicals are lost by self-

can be estimated. The absorption spectrum did not correspond
to that of HOCHOOH, an intermediate formed in the HO
initiated oxidation of HCHG? and which may have been
formed in this system. It is also worth noting that the shape of
the residual absorption found here was not the same as that
shown in the paper of Kan et dP,suggesting that neither
absorption is due to a primary product of reaction 7. The
residual spectrum shown by Kan et al. actually resembles that
of Oz in the presence of another weak absorber to lower
wavenumber. In view of these uncertainties, and the absence
of any compelling evidence for peroxide formation in the self-
reaction of other peroxy radicald3®we recommend that this
channel be set to zero in future evaluations of thex@tkelf-
reaction.

Reaction between CHO, and Os;. Ozone was added to the
azomethane photolysis system to investigate the potential
reaction of CHO, with Os.

CH;0, + O;— CH,;0 + 20, (20)

The Cb—CHj,4 system was not used since the rapid reaction of
Cl with O3 leads to CIO radicals, which can react with £

to produce HCHG? Control experiments were performed in
which O; was photolyzed in the presence of 700 Torr of air.
Under such conditions any &) atoms formed are quenched
immediately to OfP) and reform @ so these experiments
simply reflect the wall loss of @in the experimental chamber.
These experiments led to an apparent pseudo-first-order loss
rate for @ of 2 x 107 s7* either with the photolysis lights
activated or in the dark. When ozone and azomethane were
photolyzed together, the first-order ozone loss rate increased to
about 6x 107 st with low azomethane, and 16 104 s*

for high azomethane. Some increase is to be expected since
HO; radicals produced following the self-reaction of €34

react with ozone via reaction 6.

reaction!® but, as described later, current measurements of the

rate coefficient and product yield for reaction 8 do not support
this explanation. An alternative explanation for the low yield
of CH3OO0H is that an additional loss of BHCexists in the
system. The appropriate loss rate required is about Lins
the low-azomethane experiments and 3.5 svhen the

(6)

The OH radicals produced in reaction 6 will also affect the
observed product distribution. From a knowledge of the
azomethane photolysis rate and the rate coefficient of the

HO, + O, — OH + 20,

azomethane concentration was 10 times higher. The implica- methylperoxy radical self-reaction, the @b} concentration was

tions of this loss are explored in the discussion section.
One long-standing question about &3} chemistry is

whether CHOOCH; is produced in reaction 7.
CH,0, + CH;0, — CH;0O0CH, + O, (7c)

Both Kan et al® and Niki et al?® noted the presence of

estimated as 5 10" and 1.3x 10" molecules cm? in the

two experiments. If the entire observed ozone loss rate were
due to CHO, + Os, the apparent rate coefficient for reaction
10 would need to be-1 x 10718 cnP® moleculel s—1. However,

it is expected that ozone would be subject to wall loss, as
described above, and also to loss by reaction with.H®better
estimate forkyo can thus obtained by computer simulation of

unidentified IR features after subtracting the absorptions due both the ozone loss rate and the observed distribution of carbon-

to known products. We also found weak, unidentified absorp-

tions in the 1008-1050 cn1? region, strongly overlapped by
CHzOH and CHOOH. The features may be due to &H
OOCH;, and an upper limit of 6% for the yield of this product

containing products.

For the experiment with low azomethane, an increase-(15
20%) in the first-order loss rate of azomethane was observed
in the presence of § along with a corresponding increase in
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the combined yield of reaction products. It was also observed 6 : . .
that the HCHO:CHOH ratio was initially somewhat higher than

in the absence of £but decreased with time (initial ratio 3.7,

decreasing to 2.8). The main loss of OH in the system is via 5
reaction with HCHO, and an increase in the CO yield was indeed
observed when 9was present, as shown in Table 2. There
appears, then, to be an additional mechanism for the conversion
of AZM to HCHO in these experiments, and the most likely
candidate is a reaction between OH and azomethane. Unfor-
tunately, there are no available kinetic data for this reaction.
As discussed above, Cl atoms react with azomethane and ethane
at comparable rates, and it seems reasonable to assume that the
same will be true for OH radicals. On the basis of the reaction

of OH with G,H,,%83° we estimate that reaction of OH with

T
(@)
™
o
O
==

azomethane will occur with a rate coefficient betweex 10713 s I
and 1x 102 cm?® molecule! s™1. The reactions expected to
occur are 0 ) ! !
0 500 1000 1500 2000
OH + CH;3;N,CH; — H,0 + CH;N,CH, (20) Time (sec)

_ Figure 4. Plot of the ratio [HCHO]/[CHOH] as a function of time
CHN,CH, + O, + M — CHN,CH,0, + M (21) for the experiment using 22.5 mTorr of azomethane and 51 mTorr of

ozone in air. The lines are computer-simulated values of the ratio using
CH;N,CH,0, + RO, — CH;N,CH,O + RO+ 02( ) (in ascending orderyo = 0, 1, and 3x 107 cm® molecule’ s™2.
22
radicals derived from azomethane we estimatekiadies within
CH;N,CH,0 + M — CH; + N, + HCHO+ M (23) the range (0.52.0) x 1077 cn® molecule’? s,

CH,N,CH,0, + HO, — CH,;N,CH,O0H+ O, (24)  Discussion

) The experiments carried out in the absence gfgi¥e a
where RQ represents either GN,CH,O, or CHO,. It can measurement of the branching fractida/k; in excellent

readily be seen that this reaction sequence increases the yieldagreement with those of Kan etMland Niki et al2° Both of
of HCHO relative to that of CgDH. those studies used FTIR analysis in large environmental
The yields of HCHO, CHOH, and CHOOH were simulated ~ chambers. Whereas the two different methyl radical sources
using the Acuchem chemical kinetics modeling progfamith used here gave identical ratios for HCHO:HH, the yield of
the additional HQloss rate set equal to that required to explain  CH;OOH was lower with azomethane photolysis than when the
the CH;OOH yield in the absence of{§1.5 or 3.5s%),anda  photolysis of C}—CH, was used. This difference was also
rate coefficient for OH with azomethane of{20) x 10713 found by Niki and co-workers? while the CHOOH yields of
cm® molecule s™%. Rate coefficients for reactions 22 and 24 Kan et al'® (who only used azomethane) were low relative to
were estimated from analogous reactions involving primary RO the HCHO and CHOH yields. Kan et al. interpreted their results
radicals®®3¢ The inclusion of reaction 20 with a rate coefficient in terms of a low rate coefficient for the reaction gb3 +
of 1 x 10712 cm® molecule! s led to an increase in the  HO,; however, more recent direct measurem#&is38.3%f kg
combined product yield consistent with observations and also have confirmed the original measurementkgimade by Cox
reproduced the CO:HCHO ratio well. The modeled ozone loss and Tyndall> which was disputed by Kan et al. on the basis
rate was then indistinguishable from that found in the experi- of their product yield$? Jenkin et ak* and Moortgat et i°
ments. If an additional loss of HQvas not included, the ozone  suggested that the reaction betweersGrand HG can proceed

loss rate was somewhat faster than that observed. kith by two pathways-one to give CHOOH + O, and the other to
1.0 x 107*2 and the HQ loss constrained as described above, give HCHO+ H,O + O,—but that hypothesis is not consistent
simulations were made witkyo = 0, 1, and 3x 10717 cm?® with the measurements of Wallington and co-workérs!
molecule! s71. Use ofk;o =1 x 10717 cm® molecule’® s71 Instead, we suggest that a small, unidentified loss of E&h

matched the measured HCHO:@DH ratio very well and did account for the observations in experiments using azomethane
not lead to an excessive loss of ozone, while a value &f 3 photolysis. It should further be pointed out that the :O®H

10717 cm?® molecule* s led to an ozone decay that was clearly infrared absorption is overlapped by those of {OH and

too fast. Figure 4 shows the ratio HCHO:gPH as a function azomethane, so some systematic underestimation of the yield
of reaction time for the experiments and the simulations. The is plausible. Finally, the yield of HCHO relative to GBH is
observations suggest that a slow reaction between methylperoxymarginally higher in the azomethane experiments compared to
radicals and ozone is occurring, with a rate coefficient of 1 ~ the CH, experiments. It is conceivable that a conversion of
10717 cm® molecule’® s™. The product yields in the experi- CHzOOH to HCHO is occurring, but its rate would have to be
ments using high AZM were less sensitive to the rate coefficients substantially larger than known losses of {DH in the system

kio andkzg, since the OH reacts predominantly with AZM, so (photolysis, wall loss). tis likely that the methyl hydroperoxide
that the ratio HCHO/CKDH is closer to that in the absence of absorption cross section used by Moortgat éf alas too large,
azomethane and does not vary with time. However, the ozoneleading to a lower yield of CEDOH and hence the lower rate
loss rate and CO/HCHO ratios were again best fit by a rate coefficient for reaction 8.

coefficient of 1 x 10717 cm® molecule* s™%. In light of the The uncertainties of the present measurements are estimated
uncertainties associated with the chemistry of OH and the peroxyto be+5% for the ratio HCHO/CHOH and+10% for the CH-
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TABLE 3: Measurements of CH3;O, + CH30; Branching
Fractions near Room Temperature

reported normalized
substrate/

investigator  technique kidk; kiky kidks  kidks kalks
Parke&’ AZM/GC 0.33 0.67 nd. 0.33 0.67
Weaver et alé  AZM/MS 0.43 0.50 0.07 0.46 0.54
Kan et al*® AZM/FTIR 0.40 0.53 <0.07 0.43 057
Niki et al.2° AZM/FTIR 0.35 0.57 <0.08 0.38 0.62
Niki et al.?° CHy/FTIR 032 0.60 <0.08 0.35 0.65
Horie et al?! CH/MI 0.30 0.70 nd. 0.30 0.70
Anastasi et at? AZM/GC 0.17 0.77 0.08 0.18 0.82
this work AZM/FTIR 0.45 0.55 n.d. 0.45 0.55
this work CH/FTIR 0.39 0.61 nd. 0.39 0.6I°

2 Reported yields are those given by the investigator, i.e., including
the possibility of CHOOCH; formation. Normalized yields assume
only channels 7a and 7B Also found a 14-22% yield of CROOCD;
from CD; radicals.c These experiments deemed more reliable; corrected
for secondary removal (see text).

OOH. The absorption cross sections of L and HCHO

used in the present work were shown to be consistent, by usingaasured rate constakibpsis related tok,

the oxidation of CHOH as a source of HCHO. Niki et &.
found that the calibrations of G&@H and HCHO reference
spectra were dependent on the relative amounts,air@ N,

present in the bath gas. This may be an artifact of the higher

resolution used by those authors. The use of pyrerCpure
N2 bath gas had no discernible effeet4%) on the calibrations

in the present experiments. As described earlier, the branching

fraction kz/k; may be slightly overestimated in the €ICH,

experiments due to the reaction of Cl atoms with the products.

The reason for the low C#OH yields in the azomethane

experiments remains unknown, although they can be represente

by a small loss of H@Q

Measurements of the branching fractions for the reaction
CH30, + CH30, at room temperature are summarized in Table
3. Values ofk;4k; range between 0.28and 0.46:8 Note that
in the table of branching ratios given by Lightfoot et &la
30% branch for the reaction of GB, + HO; to give HCHO
was used to reinterpret the studies of Niki e%and Kan et
al.’® and those numbers are consequently incorrect.
branching ratio reported by Anastasi et?alhas, to our
knowledge, never been published in a peer-reviewed journa
and is clearly much lower than the other values, so it is not
discussed further here. The average room-temperature valu
from the other studies is 0.3& 0.05, and the current
meaurements are in the middle of the observed range.

Tyndall et al.

The experiments described here do not provide any direct
evidence for CHOOCH; formation. The only study in which
CH;O0CH; was identified was that of Weaver et &.who
reported a yield of 7%. The same group oxidized;C&dicals
and found a CBOOCD; yield of 14-18%1841 Most other
studies have found less than 6% £MOCH;. Allowing for a
6% channel, the branching fractions for the methylperoxy self-
reaction becomk;/k; = 0.38,ks/k; = 0.56, andkz/k; = 0.06.
However, we recommend for reasons given earlier that channel
7c be ignored and that the branching fractions for reactions 7a
and 7b are 0.40 and 0.60.

The occurrence of the nonterminating radical channel 7a has
an effect on measurements of the rate coefficient for reaction
7. The apparent rate coefficient measured in time-resolved
experiments includes a contribution from the LH—HO,
reaction336:38.39 High concentrations of C¥D, radicals are
employed in laboratory kinetics studies, and in such an
environment each HOradical that is formed in reaction 9
rapidly removes an additional GB, radical. Hence the
by the expression
kzobs = k7(1 + krzdk7). The NASA kinetics data evaluation
panef® apparently recommend the use of the observed rate
coefficientkzops = 4.8 x 10713 cm® molecule® s for use in
atmospheric models. Using the valuekgfk; = 0.40 recom-
mended here, the value fkr should be corrected to 3:6 10713
cm® molecule’? s71, as in most other evaluatio?36:38 The
effects of this change are discussed in the next section. The
recommended branching ratios lead to specific rate coefficients
for reactions 7a and 7b of 1.4 10723 and 2.1x 10713 cm?

énoleculerl s71, respectively.

The only previous measurementlaf is that of Simonaitis
and Heickler?? who photolyzed @with 253.7-nm radiation in
the presence of CH From measurements of the rate of loss
of Os, they obtained an upper limkyy < 2.4 x 10717 cm?®
molecule’® s7%. The present study has the advantage that a
much more complete product study was carried out and that
the methylperoxy radical concentration could be controlled

The independently of the ozone concentration. We cannot com-

pletely rule out the occurrence of reaction 10 but suggest that

|a slow reaction, with a rate coefficient of ¥ 10717 cn?®

molecule! s! (& a factor of 2), is occurring. DeMot&has

ei‘also noted that reaction 10 is probably very slow near 200 K

rom measurements of the rate of decay gfi®the photolysis
of Cl,—CH,—0O3 mixtures.

The most recent study of the branching ratio was made by The reaction of H@ with O, reaction 6, is approximately

Horie et al?! utilizing a slowly flowing photolysis system with
matrix isolation collection of reaction products followed by
FTIR analysis. The branching fractidt/k; was 0.30£ 0.02
near room temperature. Horie at al. were unable to detegt CH
OOH, and it is possible that the absorption features of@
and CHOOH near 1033 cm' overlap in the matrix phase. This
would account for the nondetection of gBIOH and would also
change the apparent value of the ratio HCHO3OH from that

200 times faster than the value for the reaction of;GHwith

O3 measured here. Sinha et*aland Nelson and Zahnisér
have performed isotopic substitution experiments to show that
the reaction of H@with O3 proceeds predominantly by H-atom
transfer. Clearly, this mechanism is not favored for the
methylperoxy radical. The results of the isotopic substitution
experiments allowed for a small channel (about19%) to
occur via O-atom transfer. The upper limit measured here for

found in gas-phase experiments, where unequivocal detectionthe reaction of CHO; with Oz is still a factor of 10 lower than

of CH3OH and CHOOH is possible. We measured the
integrated band intensity for GBOH to be about a factor of
4 less than that for C#DH, so considerable interference is

that and suggests that O-atom transfer may actually be close to
zero in the HQ@ reaction also.

Atmospheric Implications. Monks et al’ have reported

possible. The value recommended by Horie et al., and adoptedmeasurements using the chemical amplifier technique of the total

by the most recent evaluatioffs3%is strongly weighted by their
own measurements and also those of Anastasi®t We feel
that the chamber/FTIR studies (Kan et’8INiki et al.2° and

peroxy radical concentration (GB, + HO,) in the marine
boundary layer of the Southern Ocean in Tasmania. Over the
Southern Ocean the levels of N@re very lov#>46 (<3pptv),

this work) are much less susceptible to sampling and calibration and the nighttime concentrations of by and HQ radicals
errors and should be more reliable, and we recommend thatare controlled by their self-reactions, cross reaction, and reaction

k7g/k7 = 0.404+ 0.05 andk7b/k7 = 0.60+ 0.05.

with ozone. Monks et al. deduced that £€4 was the dominant
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peroxy radical during the night with [Gi,])/[HO,] > 60. The the effects of reactions 7, 8, and 10 cannot simply be separated,
nighttime overall peroxy radical decay could be described using in contrast to the conclusions of Monks et al. The analysis

a simple model with two reactions: second-order loss of@H
via self-reaction using the rate coefficient given in the 1994
NASA compilation and a small first-order loss of 3:310°¢
s™1. Attributing the first-order loss solely to reaction with; O
(present at 16 ppb) gives an upper limitkgh < 8 x 10718
cm® molecule! s™1. As described in the previous section, the
rate coefficient in the 1994 NASA compilation is an overesti-
mate of the “true” bimolecular rate constak, since it has
not been corrected for secondary loss of3Oblvia reaction
with HO, radicals.

In the atmosphere, the concentration of Okl radicals is
low and the fate of the Hodepends critically on the ratioO
CH30,, which governs whether HOeads to regeneration of
CH30; (via reactions 6 and 25) or to radical loss by reaction 8.

CH,0, + CH,0,—~ CH,0+ CH,0+ 0,  (7a)
CH,0 + O,— HCHO + HO, 9)

HO, + O, — OH + 20, (6)

OH + CH, — H,0 + CH, (25)

CH, + O, +M — CH,0, + M (14)
CH,0, + HO,— CH,00H+ O, @)
OH + CO (+ 0,) —~ HO, + CO, (26)

When Q is high, reaction 7a does not lead to a net loss of
radicals; however, if the ozone mixing ratio is relatively low,
reaction 7a leads to the loss of two radicals. Thus there is no
a priori reason to expect the apparent rate coefficient fog RO
loss in the atmosphere to kg + ks, To a good approximation,
the apparent second-order rate coefficient for loss of Rl
sum of CHO, and HQ) should be equal téz, + ks([HO)/
[CH30,]). A reaction between CiD, and Q would also
convert CHO, to HO, and would tend to increase the loss rate
of RO, if the HO, reacts with CHO, and not with Q. Thus,
even though H@is the minor radical at night, its rapid reaction
with CH30; can impact the loss of both species (and their sum,
which is measured by the chemical amplifier). During daytime
hours, higher levels of NO are present and higheg@8;0,
ratios occur, so reaction 7 is not as important.

A box modef* was used to simulate the effects of HO
cycling and reaction 10 on nighttime radical concentrations. The

employed by Monks et al. is thus too simplistic, and their upper
limit for kig should not be considered reliable.

For the nighttime conditions reported by Monks et al. of
[CH30;] = 1 ppt and [Q] = 16 ppb withk; = 3.5 x 10713and
kio= 1.0 x 1077 cm?® molecule'! s71, the instantaneous pseudo-
first-order loss rate of C§D, radicals via reaction with ©is
approximately 20% of that of the GB); self-reaction. Hence,
the reaction of CHO, radicals with Q may play a minor role
in the nighttime decay of C¥D, radicals in very clean air. Under
continental conditions such as those studied by Cantrell et al.
in the southeast United Stateghe influence of terrestrial
nighttime NO sources is probably important and it is unlikely
that reaction 10 is of any significance.
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