S1 Chemical mechanism used to study the dependence of [CH3;0]/[CH302], at the FAGE detection

axis on the concentration of NO

The chemical mechanism assumed to be occurring within FAGE after adding NO ~ 25 mm before the
CH:0 detection axis to convert CH3O; into CH30 is described in Table S1 and by Reactions (R3)—(R4)
and (R10)—(R11) in the main text.

Table S1. Reactions and rate coefficients at 298 K, kags (Atkinson et al., 2006), used in the numerical
simulations described in Sect. 2.2 of the main text using the numerical integration package Kintecus
(lanni, 2002).

Reaction® kzes / molecule™ cm?® s
(R3) CH30; + NO —> CHs0 + NO; 7.7 x 1012
(R4) CH:0 + O, - CH20 + HO, 1.9 x 101
(R10) CH30 + NO — CH,0 + HNO 2.3x 1012
(R11) CH30 + NO + M — CH3sONO + M 2.2 x 1012°

 The reactions are numbered to correspond to those in the main text
® Calculated for prace = 2.65 Torr

S2 FAGE measurement of OH in the calibration flow tube in the absence/presence of CH4

In order to calibrate FAGE for the sensitivity towards the detection of methyl peroxy radicals, CHzO-,
OH was generated in a flow tube by water photolysis at 184.9 nm in synthetic air and in the presence
of excess methane. The 184.9 nm light was generated by a Hg Pen—Ray lamp. CH30- was produced by

reactions (R1)-R(2) (the reactions are numbered to correspond to those in the main text).

OH + CH4 — CH3 + H,0 (R1)
CHz + O, + M — CH30, + M (R2)

where M = Nz or O,.

OH was measured in the absence and in the presence of CH4 to determine the conversion fraction of
OH into CH30, for the relevant reaction time. The Hg lamp current was varied between 0-20 mA.
Figure S1 shows an example of the OH signal with and without CH, added to the gas flow. For a typical
concentration of CHs, 5 x 10 molecule cm=, 0.96 + 0.04 of OH was converted into CHzO- for a

reaction time of ~ 11 ms in average.
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Figure S1. FAGE signal from OH radicals in the absence (until 300 s) and the presence (from 300 s)
of 5 x 10% molecule cm™ CHy, in the calibration flow tube obtained by flowing 82.5 sccm of CH4 (main
text). The air flow rate in the flow tube was 40 sIm giving a reaction time of ~ 11 ms; the concentration
of OH in the absence of CHy is 4.4 x 10® molecule cm, obtained by calibration.

S3 Methyl peroxy calibration using kinetics of the CH3;0; second-order decay

The FAGE instrument was coupled to HIRAC to sample the gas with a flow rate of about 3 sIm at
around 230 mm from the chamber wall. The temporal decays of the CH;0, FAGE signal were generated
by turning off the photolysis lamps and analyzed using Eq. (S1) (Eg. (6) in the main paper).

1 1 2 - kobs 1 2 kopst
2ot or  (Scmo,), =1 /< +—b>, (S1)

(Schy0,),  (Scuzo,),  Cenyo, (Schy0,),  Cenyo,

In Eq. (S1) (Schzo2)t and (Schzo2)o are the signal at time t and t = 0, respectively. Eq. (S1) was fitted to
the experimental decays (see Fig. S2) of Schsoz, fixing Kebs to the IUPAC recommendation, Kops = (4.8 £
1.1) x 10 cm® molecule™ st (Atkinson et al., 2006) and (Scrzo2)o to the mean value of the signal before
the lamps were turned off to determine the FAGE sensitivity for CH3O, Cchso. Eighteen independent

determinations were performed in total with the results presented in Table S2.



Table S2. FAGE sensitivity factors and initial CH3;O2 concentrations in the HIRAC experiments.
Equation (S1) was fitted to the temporal decays of the CH3O: signal to extract Cchsoz and the initial
signal, (Scrsoz2)o, Which were then used to determine the initial CHsO. concentrations by using
[CH302]0 = (ScHz02)o/Cchzoz.

10 x Ccpzo® /| 10 x [CH30,]0°/
counts st mw? | molecule cm?
cm® molecule

5.58 +0.20 2.63+0.16
4.40 £0.47 2.62+0.31
7.04+0.27 248 +£0.16
495+0.21 240+0.16
6.86 +0.18 2.34+0.13
454 +£0.18 2.31+0.15
5.09+0.21 2.19+0.14
526+0.21 191+0.12
6.11+0.23 1.78 £0.11
7.34 £0.30 1.71+0.11
7.26 £0.25 1.68 £ 0.10
492 +0.17 1.47 £0.09
5.45+0.16 1.41+0.08
5.19+0.16 1.39+0.08
5.42 £0.20 1.37 +0.06
457 +0.14 1.34+0.08
5.40+0.23 1.24 +0.08
4.83+0.14 1.08 +£0.06

b yncertainties quoted to 1o

S4 Comparison of CH3O, temporal decays for different [CH302]o

Figure S2 shows the CHs0, FAGE signal decays together with second-order fits recorded for three
different [CH3O2]o in HIRAC. The initial signals, (Schzo2)o, Were rescaled to start the decays from the
same value, (S chzo2)o (EQ. (S2)), and show that the temporal decays slow down with the decrease in
[CH302]o as expected from the dependence of the rate of second—order decays upon [CHs0-]. Equation

(S3) was then fitted to the data shown in Fig. S2 to extract the FAGE sensitivity factor, Ccrsoz.
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where f is the rescale factor.
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Figure S2. Typical temporal decays of the CHzO, FAGE signal recorded in HIRAC. The experimental
data were rescaled to start the decays from the same value, (S'CHsoz)o =f- (SCHsoz)o’ where f is the

rescale factor. Equation (S3) was fitted to data to extract the FAGE sensitivity factor, Cchsoz (counts
s mwW? cm?® molecule?): (7.5 + 0.1) x 101 (black line), (7.3 £ 0.3) x 10 (red line) and (4.5 + 0.1)
x 1071 (blue line), which was then used to determine the initial CH3;0, concentrations presented in the
legend by using [CH302]o = (Schz02)o/Cchzoz.

S5 Fit of simulated decays of [CH30;] as a function of time
The CH30, self-reaction occurs through two different channels, (R6.a) and (R6.b) (main text):

CH30, + CH30, —» CH30H + CH,0O + O, (R6a)
CH30, + CH30, —» CH30 + CH30 + O, (Rﬁ.b)

The observed rate coefficient describing the decay of [CH302] vs. time, Kos, IS larger than the second-
order rate coefficient of just the CH3O; self-reaction, ks and given by Eq. (S4) (Eqg. (7) in the main
paper) (Sander and Watson, 1981;Lightfoot et al., 1990).
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kobs=ks = (1 + g p) (S4)

where rs, is the branching ratio for the reaction channel R6.b. The IUPAC preferred value is Kobs = (4.8
+1.1) x 10"® cm® molecule ! s™.

In order to check the validity of Eq. (S4) in the presence of HO, removal by self-reaction and wall-
loss, numerical simulations were performed to generate CH3;O: decays using a system incorporating the
chemistry described by Reactions (R4), (R6), R(13) and R(14) shown in the main paper and Table S3
below and a heterogeneous loss of HO; (KiessHo2)). The rate coefficients were sourced from the IUPAC
recommended values at 298 K (Table S3) and KiosstHo2) Was varied. The simulated temporal decays of
CHs0, were analysed using Eq. (S5) and gave an average observed rate coefficient of kops = 4.7 x 1012
cm® molecule? s, which is only 2 % lower than the IUPAC recommendation (vide supra), for Kioss-oz)
in the range 0.01-0.10 s and, hence confirmed the applicability of Eq. (S4).

1 2 kopst
=1/(—
[CH;0,], =1 /<[CH302]0 CCH302) ’ (S5)

A typical simulated decay of CH3O, and the fit to the simulation using Eq. (S5), is shown in Fig. S3.
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Figure S3. Simulated decay of [CH30;] against time (black circles), using the reactions and the rate
coefficients listed in Table S3 and kiossHoz) = 0.03 s%, and the fit to the simulation using Eq. (S5) (red
line) to determine Kobs = 4.7 x 10°*3 cm® molecule™ s,



Table S3. Reactions and rate coefficients used in the numerical simulations of the CH3;O, temporal
decays using the Kintecus package (lanni, 2002). The rate coefficients are sourced from IUPAC
preferred values at 298 K, kzos, (Atkinson et al., 2006).

Reaction kags / s or molecule® cm?® st
(R6.a) CHs0, + CH;0, —» CH,O + CH30H + O, | 2.2 X 101
(RG.b) CH30, + CH30, —» CH30 + CH30 + O, 1.3x10%

(R4)  CH:0 + Oz — CH,0 + HO, 1.9 x 101
(R13.8) CHs0, + HO; — CH;O0H + O; 4.7 x 102
(R13.b) CH:0; + HO, — CH20 + O, + H,0 5.2 x 101
(R14.8) HO, + HO, — H,0, + O; 1.6 x 1022
(R14.b) HOz + HO, + M2 — H,0, + 02 + M 1.3 x 102

% prirac = 1 bar

S6 Chemical mechanism used in numerical simulations to fit the experimental time-profile of the

CH30 concentration shown in Figure 8 of the main paper

In the experiments carried out to measure the concentration of CHs;O generated by the CHs0, self-
reaction (Section 3.3 of the main paper) the chamber was filled with high purity N.. Oxygen was
purposely delivered in trace amounts by the incomplete purging of the several meter long pipe
delivering Na. The Cl, concentration used in these experiments was 5.6 x 10'® molecule cm and hence
was 1-2 orders of magnitude higher than [Cl.]o used in the CH3O; calibration experiments (0.3-2.1 x
10 molecule cm™®). Cl atoms were generated by Cl, photolysis using black lamps (peak emission
wavelength of ~ 360 nm) for the entire experiment to react quickly with CH,4 present in high excess,
[CH4]o = 4.50 x 10% molecule cm=. Numerical simulations carried out using the chemistry system
described in Table S5 (vide infra) showed that [Cl] peaked at ~ 2 x 108 molecule cm™ several seconds
after starting the experiment (Fig. S5b) followed by a gradual decay.

The experimental temporal profile of CH3O is shown in Fig. 8 in the main paper and Fig. S4 below.
By floating the O, concentration until a best—fit was obtained to the experimental data (r> = 0.85), the
numerical simulations determined that the concentration of O, in the chamber was (5.4 + 0.6) x 10%°
molecule cm™, i.e. around 0.02 % relative to N2. In the numerical simulations the heterogeneous wall—
loss of HO, was estimated to be 102 s (Winiberg et al., 2015), with the same value assumed for CH30,
and the heterogeneous loss of CH3;O, was estimated to be 10 s (see main text). The returned best—fit
[O2] did not change by increasing the wall-losses of HO,, CH3sO and CH3zO; by one order of magnitude.
Including a heterogeneous removal of Cl atom in the range of (0.001-1) s in the model did not change
the result of the numerical simulations as the Cl wall-loss could not compete with the Cl + CH4 reaction;

the pseudo—first-order rate coefficient k'cuarci was ~ 4.5 x 10* s during the experiment. The wall-
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losses of the other species were considered negligible during the 2 min time of the experiment in

accordance with previous measurements (Winiberg et al., 2016).
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Figure S4. Concentration of CH3O as a function of time in HIRAC: red points are the experimental
data and black points are generated by a numerical simulation. CH3O radicals were formed as a product
of the self-reaction of CH30O; species at 295 K and 1000 mbar of N, with CH3;0, generated by the
reaction of Cl atoms with CH,4, with the HIRAC black lamps being turned on at time zero. Oxygen was
present in trace amounts, determined to be (5.4 + 0.6) x 10> molecule cm= from the simulations fit to
the experimental data.

The numerical simulations took into account the increase in intensity of the lamps output during the
experiment (Winiberg et al., 2016). In order to numerically simulate the Cl concentration the photolysis
rate of Cl,, j(Cl.), has been determined by performing separate experiments using the black lamps to
simultaneously monitor the decay of CH20 and the rise of CO during the CI + CHO reaction by using
in situ FTIR absorption spectroscopy (Glowacki et al., 2007). Numerical simulations have been
performed using the reaction rate coefficients from IUPAC (Atkinson et al., 2006) (Table S4) to
determine that j(Cl2) = (3.8 + 1.1) x 10 s, The result is to the same as the value found previously
(Winibergetal., 2016), (3.8 + 1.4) x 10* s, during HIRAC experiments to study the HO, + CHsC(O)O.
reaction.

For the numerically simulated concentration of CHs, of about 6 x 108 molecule cm (Fig. S5¢) and
the reported rate coefficient for the Cl, + CHs reaction, kcus + cio= 1.5 x 102 molecule cm®s?, (Eskola
et al., 2008) the removal of Cl, was dominated by the reaction with CHs. The Cl, + CHjs reaction
recycled a Cl atom, which in turn reacted with CH4 to regenerate more CHs radicals leading to the

propagation of the Cl — CHj3 chain reaction and increasing the consumption rate of Cl,. The removal of



Cl; by the chain reaction resulted in a relatively sharp decrease of the peak [CH30], of about 50 % in 2
min (Fig. S4).

Table S4. Reactions and rate coefficients used in the numerical simulations of the time evolution of the
concentrations of CH>O and CO generated in the CH,O/Cl,/N,/O, system in HIRAC using the
numerical integration package Kintecus to determine j(Cly) (lanni, 2002). The rate coefficients are
sourced from the IUPAC preferred values at 298 K, kags, (Atkinson et al., 2006).

Reaction Kz / s or molecule? cm3 st

Cl, + hv — 2CI 3.8 x 10 = j(Cly) a
CH;0 + Cl - CHO + HClI 7.2x 10"

CHO + O, »> HO, + CO 5.1 x 102

HO; + HO, —» H,0; + O3 1.6 x 1012

HO; + HO2; + M —» H0, + O + M 1.3 x 1012 b

4 j(Cl,) determined by fitting the [CH-0] and [CO] vs. time profiles obtained by FTIR measurements
within HIRAC; the determined value is equal to the value found previously (Winiberg et al., 2016)
® prirac = 1 bar

Table S5. Reactions and rate coefficients used in the numerical simulations of the time evolution of the
concentration of CH3O generated in the CH4/Cl2/N2/O2 system using the Kintecus package (lanni,
2002). The rate coefficients are sourced from IUPAC preferred values at 298 K, kagg, (Atkinson et al.,
2006).

Reaction ko / s or molecule cm3 st

Cl + hv — 2Cl 3.8 x 10 = j(Cly)

CHg + Cl — CHs + HCI 1.0x 10"

CHs + Cl, — CHsCl + Cl 1.5x10% a
CHs + 0, + M — CHsOz + M 7.8 %107

CH30; + CH30, — CH>0 + CH30H + O 22x101

CH30; + CH30; — CH30 + CH30 + O; 1.3x 101

CH30 + O, » CH0 + HO, 1.9 x 10"

CH30; + HO, —» CH30OO0H + O, 4.7 x 1012

CH30; + HO, —» CH.0 + O, + H,0 5.2 x 107"

HO; + HO, —» H20; + O3 1.6 x 1012

HO, + HO; + M — H,0, + O, + M 1.3x 10" b
CH;O + Cl + O; - CO + HO; + HCI 7.2x 101 c
CHs0H + Cl + O —» CH20 + HO, + HCI 5.5 x 10 d
CH3;OO0H + Cl — Products 59x10™ e

? (Eskola et al., 2008)



Y brirac = 1 bar

¢ CH,0 + Cl reaction followed by the HCO + O reaction; the rate—determining step is the CH,O + ClI
reaction

4 CH3;OH + Cl reaction followed by the CH,OH + O; reaction; the rate—determining step is the CH;OH
+ Cl reaction

¢ The dominant channel is assumed to lead to CH,OOH + HCI (Atkinson et al., 2006). Further
decomposition of CH,OOH may generate OH; the potential secondary chemistry is negligible as [OH]
is lower than [CI] and the rate coefficients of the OH reactions are significantly lower than those of the
Cl reactions.

Figure S5 shows the simulated time evolution of Cl,, Cl, CHz and CH3O; over 120 s from these

simulations.
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Figure S5. Concentration of (a)Cly, (b) Cl, (c) CHsz and (d) CHsO; as a function of time in HIRAC
obtained by numerical simulations using the chemical mechanism and the rate coefficients given in
Table S5; [Oz]o = (5.4 + 0.6) x 10 molecule cm™, as obtained by the bestfit to the experimental CHsO
concentrations (Fig. S4).
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