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Impacts of bromine and iodine chemistry on tropospheric OH and HO2:

Comparing observations with box and global model perspectives
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Supplementary Material

Speciation of modelled peroxy radicals

Figure S1 shows the speciation of peroxy radicals during SOS determined by the box model. The dominant species
at Cape Verde are HO2 and CH30., which comprise 87.4 % of the total peroxy radical concentration, and are
followed by CH3C(O)O:2 (6.5 %) and C2Hs02 (1.1 %), all of which display no HO> interference in the laboratory
(Whalley et al., 2013; Stone et al., 2014). Any peroxy species potentially contributing to interferences in HO-
measurements thus constitutes < 4 % of the total peroxy radical concentration, with each species representing <
1 % of the total. Potential interferences arising from conversion of alkene- and aromatic-derived peroxy radicals
to OH within the LIF detection cell, as described by Fuchs et al. (2011), are thus expected to be small for SOS
and are not explicitly described in the model for this work.
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Figure S1: Speciation of peroxy radicals during SOS1 and SOS2. Radical names are as given by the MCM.
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Impact of CH:02 + OH

Recent experiments have indicated a rapid reaction between CH3z0. and OH (Bossolasco et al., 2014; Fittschen
et al., 2014; Assaf et al., 2016; Yan et al., 2016), with the dominant products expected to be CH3O + HO; at an
observed yield of (0.8 £ 0.2) (Assaf et al., 2017). As shown in Figures 5 and 6 (main text), this reaction contributes
4 %, on average, to the total midday OH loss during SOS and 5 % to the total HO> production, assuming 100 %
yield of CH3O + HO.. Inclusion of the reaction in the chemistry scheme, for model runs in which halogens are
included, decreases the modelled concentration of OH at midday from 5.3 x10® cm™ to 5.2 x10® cm™, and

increases the HO» concentration from 3.2 x108 cm™ to 3.9 x10% cm.

Figure S2 shows the mean modelled diurnal profile for CH3O2 during SOS, for model runs with and without the
reaction between CH30. and OH. Inclusion of the reaction decreases the mean midday CH3zO- concentration by
24 %, from 5.7 x108 cm™ to 4.6 x10% cm3, and thus has a more significant impact on CHzO2 than on OH or HO,.
Similar changes to modelled OH, HO, and CH30- were reported by Assaf et al. (2017) using an updated MCM
based model for the RHaMBLe campaign in Cape Verde in 2007 (Whalley et al., 2010).
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Figure S2: Mean box modelled diurnal profiles for a) OH; b) HO»; ¢) CH30. during SOS (SOS1 and SOS2
combined) for model runs with (red solid line) and without (red broken line) the reaction between CH3O; and
OH. For OH and HO», observations are shown in black, with grey shading indicating the variability in the

observations.

Figure S3 shows the mean midday (1100 to 1300 hours) budgets for CH302 during SOS for model runs with and
without the reaction between CH3O2 and OH. Midday production of CH3O2, both with and without the reaction
between CH30, and OH, is dominated by CHs radical production from CHs + OH (~ 55 %), and is followed by
the reactions of CH3C(O)O: radicals with NO (~ 17 %) and other RO> radicals (~ 15 %). Midday loss of CH30»,
when CH30: is included, is dominated by reactions with NO (~ 41 %), HO2 (~ 33 %), the reaction with OH (~ 15
%), and CH3O> self-reaction (~ 8 %). If the reaction of CH3O> with OH is not included in the model, the loss



53  reaction with NO represents ~ 48 % of the total CH3O- loss and the reactions with HO2 and other CH3O: radicals
54 represent ~ 36 % and ~ 12 %, respectively.
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56
57  Figure S3: Mean midday (1100 to 1300 hours) budgets for CHz0- during SOS (SOS1 and SOS2 combined). Panel

58  a) production of CH30O, for model runs with the reaction between CH3O2 and OH; b) production of CH3O; for
59  model runs without the reaction between CH3O> and OH; c) loss of CH30, for model runs with the reaction
60  between CH30, and OH; d) loss of CH3O> for model runs without the reaction between CH3O2 and OH.
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Time series for observed and box modelled OH and HO- radical concentrations

Figures S4 and S5 shows the times series for OH and HO- observations and model simulations day-by-day during

SOS1 and SOS2.
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Figure S4: Times series for observed and modelled OH during SOS1 (days 59 to 63) and SOS2 (days 157 to 162).
Observed data are shown in black; box model concentrations with halogen chemistry are shown by filled red

circles; box model concentrations without halogen chemistry are shown by open yellow triangles.
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Figure S5: Times series for observed and modelled HO> during SOS1 (days 59 to 63) and SOS2 (days 157 to
162). Observed data are shown in black; box model concentrations with halogen chemistry are shown by filled

red circles; box model concentrations without halogen chemistry are shown by open yellow triangles.

Box model sensitivity of OH and HO; to BrO and 10 mixing ratios

Observations of BrO and 10 at the Cape Verde Atmospheric Observatory show average diurnal mixing ratios of
2.5 ppt and 1.4 ppt, respectively, which were used as constraints in the box model simulations presented in this
work. In order to test the sensitivity of OH and HO> to these constraints, we have performed simulations in which
the BrO and 10 mixing ratios were constrained to the upper and lower limits of the observed values (3.5 ppt and
1.5 ppt for BrO and 2.0 ppt and 1.0 ppt for 10, as reported by Read et al. (2008) and Mahajan et al. (2010)). In
addition, simulations were performed in which mixing ratios of BrO and 10 increase from 0600 hours and reach
the constant values of 2.5 ppt and 1.4 ppt, respectively, as shown by Read et al. (2008). Results from these
simulations are shown in Figure S6, and indicate that there are only minor differences in the OH and HO>

concentrations between simulations performed on constraining to the upper and lower limits of the observed BrO
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and 10 concentrations, and that there is little sensitivity of OH or HO- to the early morning mixing ratios of BrO
and 10.
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Figure S6: Impacts of changes to BrO and 10O constraints on average diurnal profiles for a) OH during both
measurement periods; b) HO2 during both measurement periods; ¢) HO2:OH ratio during both measurement
periods; d) OH during SOS1 (Feb-Mar 2009); e) HO2 during SOS1; f) HO,:OH during SOS1; g) OH during
SOS2 (May-June); h) HO2 during SOS2; i) HO2:OH ratio during SOS2. Observed data are shown in black, with
grey shading indicating the variability in the observations; model simulations constrained to the average
daytime (0930 to 1830 hours) mixing ratios of BrO (2.5 ppt) and 10 (1.4 ppt) are shown in red; simulations
constrained to the upper limits to the daytime mixing ratios of BrO (3.5 ppt) and 10 (2.0 ppt) are shown in dark
blue; simulations constrained to the lower limits to the daytime mixing ratios of BrO (1.5 ppt) and 10 (1.0 ppt)
are shown in light blue; simulations constrained to the average daytime mixing ratios of BrO (2.5 ppt) and 10
(1.4 ppt) and including increases in the mixing ratios from 0600 hours are shown by the dashed purple lines;

simulations with no halogens are shown by the dashed orange lines.
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