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S1 Addition of aqueous, halogen and methanethiol chemistry

To explore the effect of halogens, the reactions of DMS, DMSO, and SO with BrO have been included based on the recom-
mended rate constants from the 2019 NASA panel report. The reactions of DMS with Cl atoms have also been included based
on the NASA panel report where available; the decomposition of CH3SCICHj3 uses an indirect measurement by Enami et al.
(2004), and the reaction of CH3SCICH3 with oxygen uses a rate constant a factor of 10 lower than the upper limit (Urbanski
and Wine, 1999), as that reaction has not been observed. Reactions of CH3SH with OH, NO3, BrO and Cl using recommen-
dations from the NASA panel report were also included. The full gas-phase mechanism used in this work can be found in Table
S2.

In addition to gas-phase chemistry, aqueous chemistry has been included based on CAPRAM DMS module 1.0 (DM1.0)
(Hoffmann et al., 2016), along with additional SO-, sulfate, and oxidant aqueous reactions from Wollesen de Jonge et al.
(2021). Although recent theoretical work indicates that HPMTF undergoes isomerisation to thioperhemiacetal (TPHAC) in the
aqueous-phase (Vereecken et al., 2025), for simplicity, in our model HPMTF was immediately converted to sulfate once in
the aqueous-phase, as suggested by experimental work from Jernigan et al. (2024). The phase transfer and aqueous-phase acid
equilibrium of thioperformic acid (S=CHOOH, TPA) were included using MSA properties and rate constants (a sulfur-based
acid whose parameters have been measured or calculated).

To simplify our model, we did not include halogen aqueous reactions. The reaction of MSI~ (the MSIA ion) with Cl,~ could
contribute around 10% of aqueous MSIA oxidation, and the oxidation product, CH350200(aq), can react with MSIA again;
the initial reaction with Cly~ can result in the loss of two aqueous MSIA molecules (Hoffmann et al., 2016). Although our
analysis focuses on gas-phase concentrations, the omission of aqueous halogen reactions may affect the results by increasing
the concentration of gas-phase MSIA (and subsequent oxidation products, gas-phase SO, MSA and H>SO,) through the
omission of an aqueous sink. However, the major aqueous oxidation pathway of MSIA (reaction of MSIA with O3, Hoffmann
et al. (2016)), has been included in our mechanism.

Accommodation coefficients, gas-phase diffusion coefficients and Henry’s law constants used in this work and their sources
are given in Table S1. Additionally, the uncertainty factors for Henry’s law constants are provided in the table (see Section S9
for more information on the determination of those uncertainties). When there was no measured gas-phase diffusion coefficient
available, it was calculated using the Fuller method using parameters from Tang et al. (2014).

The aqueous reactions and phase transfers were implemented into BOXMOX (Knote and Barre, 2022), a KPP wrapper
(Sandu and Sander, 2006), using the same methodology as the SPACCIM model (Wolke et al., 2005). To ensure they had been
implemented correctly, the modelling work by Hoffmann et al. (2016) was replicated by constraining pH, liquid water content

and oxidants to their modelled data, which is shown in the Section S1.1.
S1.1 Implementation of aqueous chemistry

To incorporate aqueous chemistry, the microphysics used in SPACCIM (Wolke et al., 2005) for a mono-dispersed aerosol/cloud

droplet was used. This implementation assumes a homogeneous, dilute water droplet, however, it has also been used for
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deliquesced particles (Hoffmann et al., 2016). The particle radius was kept constant for simplicity, as in Hoffmann et al.
(2016).
The phase transfer rate for a species, X, from the gas-phase to the aqueous-phase (adsorption, A) was given by:

L
A=—

r 4r
3D, + 3t

where L is the unitless liquid water content in the box (due to aerosols or clouds), r is the radius of the cloud droplet or aerosol
(m), Dy is the gas diffusion coefficient of X (m? s™1), « is the mass accommodation coefficient (unitless) of X and ¥ is the

mean molecular velocity (m s™1),

_ 8RT
V=4 —
M
with R as the gas constant (8.3145 J K~ mol~1), T as temperature (K) and M as molecular weight of X (kg mol~1).
The phase transfer rate for species X from aqueous-phase to gas-phase (desorption, D) was given by:
A

D=-—"—
LHr

where Hr is Henry’s law coefficient for X (unitless),

Hp = H298KRT3%(%7ﬁ)
with Hoggk as Henry’s law coefficient of X at 298 K (mol L~! atm~1), A H,, the enthalpy of dissolution (mol L~! atm™!)
and R the gas constant (0.082057 L atm K~ mol—!).

In our box model, the concentrations of species are given in molecules cm—3, however, first-order rate constants for aque-
ous reactions are typically given in L mol~! s~—!. Additionally, for bimolecular reactions, the fraction of water in the box
(liquid water content, L) has to be taken into account. As such, aqueous-phase first-order rate constants are converted to cm?®
molecules™! s™1, and divided by L. For reactions involving water, a concentration of 55.6 mol L~ is used. The concentration
of hydrogen ions, [H*] was constrained based on observations.

In order to ensure that the microphysics had been correctly implemented into BOXMOX, box model simulations by Hoff-
mann et al. (2016) were replicated. The implementation of the full CAPRAM mechanism, including halogen chemistry, was
outside of the scope of this work. Instead, the output concentrations of oxidants from Hoffmann et al. (accessed through
correspondence), were used, which included concentrations of Cl(g), ClO(g), BrO(g), Cl™(aq), Cl; (aq), OH(aq), O3(aq).
Additionally, emissions, deposition velocities, initial concentrations, pH, particle/droplet radius, liquid water content, zenith
angle (for photolysis rates) and temperature were constrained. Our modelled results are shown in Figure S1, which closely

replicate Figures S3, S6, S8 and S10 from the Hoffmann et al. (2016) supporting information.
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Figure S1. The concentration of DMS, DMSO, MSIA and MSA modelled in this work, replicating the modelling from Hoffmann et al.
(2016). The coloured lines represent sensitivity runs used by Hoffmann et al., the grey bars represent the night periods, and the blue bars

represent cloud periods.
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S2 Updates to dimethyl sulfide mechanism

The equilibrium rate constants for CH3SO and CH3SO» reacting with oxygen calculated theoretically by Chen et al. (2023)
have been included; previously these rate constants were based on structure-activity relationships. The equilibrium rate con-
stants from Chen et al. were scaled using the NASA panel report recommendation for the equilibrium rate constant of CH3S
+ Oy (1.7 x 1072 cm?® molecule™! at 298 K), and the temperature-dependent equilibrium rate constant for the reaction of
CH3S and O4 from the report was also used in the updated mechanism. Additionally, the decomposition of CH3SO2, along
with CH3SOO isomerisation into CH3SO5 (which subsequently decomposes), from Chen et al. (2023) have been added.
Berndt (2025) recently investigated the reaction of CH3SOg3 with H donors to form methanesulfonic acid (CH3SO3H,
MSA), and determined that the reaction of HO2 with CH3SOg is a minor reaction. In the supplementary of the Berndt (Figure
S2) the modelled concentration of HOs is given, along with the measured [MSA]/[SO3] ratio (Berndt, 2025). From the rate
constants at 298 K, we can estimate an expected [MSA]/[SO3] ratio and compare it to what was measured. In the Berndt paper,
when the NO concentration was around 2x 1019 molecules cm—2, the modelled HO» concentration was 1.8 x 10° molecules
cm 3. According to that paper, the decomposition of CH3SO3 to form SO3 has a rate constant of 5.4x10'2 x e 9411/T g—1,

and at 298 K, the first-order rate constant is 0.10 s~!. The rate constant estimated by Yin et al. (1990) for the reaction of

CH3SO3 and HO5 was 5.0x 10711 ¢cm? molecules™! s~1. At 298 K, the estimated ratio is

[MSA] _ kcmyso, + 10, X [HO2] _ 5107 x1.8x10° _ (y g
[SOs] kcH; 505 decomp 0.10 :

This is higher than the measured ratio of 0.2 at the same concentrations. However, decreasing kcm,so, + Ho, by a factor of

50 provides a ratio of 0.02, which agrees with the measured data, considering that other H donors (such as HCHO, DMSO and
MSIA) are present in the experiment. Although there is no evidence that HCHO, DMSO or MSIA will act as H donors in the
experiment, CH3SH and CH3SSCH3 have been found to act as H donors to CH3SO3 (Berndt et al., 2023), along with DMS
(Jacob et al., 2024). To account for the work from Berndt (2025), the rate constant for MSA was decreased by a factor of 50.
The temperature-dependent decomposition rate constant for CH3SO3 they recommended was also updated in our mechanism.

Finally, Goss and Kroll (2024) studied the OH-initiated oxidation of dimethyl sulfoxide (CH3SOCH3, DMSO), and found
that dimethyl sulfone (CH3SO>CH3, DMSO2) was not produced. They suggested that DMSO2 was measured in chambers
that included higher mixing ratios of DMSO (> 1 ppm), due to increased RO; reactions. To account for DMSO2 not being
measured in a chamber with lower RO2 concentrations, which is more representative of marine conditions, the formation of
DMSO2 from the reaction of OH and DMSO (that had not been validated) was removed in the updated mechanism, with the
reaction now solely forming methanesulfinic acid (CH3SO2H, MSIA).



S3 Evaluation of the updated mechanism
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Figure S2. The products measured in the Albu et al. (2008) experiment, compared to the modelling results from the Jernigan, Ye, MCM and

Shen mechanisms, along with the original mechanism from Jacob et al. (2024), and the updated mechanism used in this work. Note that the

original mechanism can only be seen when it deviates from the updated mechanism.
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Figure S3. The products measured in the Ye et al. (2022) experiment 1, compared to the modelling results from the Jernigan, Ye, MCM

and Shen mechanisms, along with original mechanism from Jacob et al. (2024), and the updated mechanism used in this work. Note that the

original mechanism can only be seen when it deviates from the updated mechanism. Additionally, the experimental DMSO2 represents the

product C2HgSO2 measured by Ye et al., which may also include CH3SCH2OOH.
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Figure S4. The products measured in the Ye et al. (2022) experiment 2a, compared to the modelling results from the Jernigan, Ye, MCM

and Shen mechanisms, along with original mechanism from Jacob et al. (2024), and the updated mechanism used in this work. Note that

the original mechanism can only be seen when it deviates from the updated mechanism. Additionally, the experimental CH3SCH>OOH

represents the product CoHgSO2 measured by Ye et al. (2022), which may also include DMSO2.
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Figure S5. The products measured in the Shen et al. (2022) experiment, compared to the modelling results from the Jernigan, Ye, MCM
and Shen mechanisms, along with original mechanism from Jacob et al. (2024), and the updated mechanism used in this work. Note that the

original mechanism can only be seen when it deviates from the updated mechanism.



400150, ./—-"‘- - 800—HPMTF"““ """ 150 1 —— Experiment
3004 l/ » 1251 === Jernigan
K i ——— - = Ye
i e (600 - 100 .
2001 ! o~ == MCM
_ i@ 400 - Shen
B100q 4/ 200 Original
c -'/ Updated
_S 04« 01
5 Fer———— 1  Faeran 1 JtAare 1 Mmor
g 30_TF’A 80 - :
Q@ 254
o 60 1
= 20
15 401
101
. 201
S et (Y|
0 10 20

Time (h)

Time (h)

Time (h)

Figure S6. The products measured in the Jernigan et al. (2022) experiment, compared to the modelling results from the Jernigan, Ye, MCM
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110 S5 Comparisons of the original, updated and expanded dimethyl sulfide mechanisms
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Figure S7. Mixing ratios of DMS, SOz, OCS, DMSO, HPMTF, H2SO4, DMSO2 and MSA from the Cape Grim (temperate) box model,
using the original mechanism from Jacob et al. (2024) (Original, red dotted line), the updated gas-phase OH-initiated DMS oxidation mech-
anism (Update, orange dashed line), the updated mechanism with the addition of BrO, Cl atoms, aerosol uptake and aqueous chemistry
(Update + X + Aq, blue dot-dashed line) and the mechanism used in this work, including CH3SH chemistry (Update + X + Aq + CH3SH,
black line).
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Figure S8. Mixing ratios of DMS, SOz, OCS, DMSO, HPMTF, H,SO4, DMSO2 and MSA from the Cape Verde (tropical) box model, using
the original mechanism from Jacob et al. (2024) (Original, red dotted line), the updated gas-phase OH-initiated DMS oxidation mechanism
(Update, orange dashed line), the updated mechanism with the addition of BrO, C1 atoms, aerosol uptake and aqueous chemistry (Update +

X + Aq, blue dot-dashed line) and the mechanism used in this work, including CH3SH chemistry (Update + X + Aq + CH3SH, black line).

19



|DMS 1SO
2507 (CH,5CHs) 2
200 e
150 % »* - ™ )
100 ]
50 'N
0 === (Jpdate + X + Ag + CH3SH
0oCs (DCII\—|IISS(O)CH ) ===« Update + X + Aq
601 1 ’ == == Update
= 401 \/\/ = = = QOriginal
o
o
~— 20_ .
C
'-g 0 P oy ges .
9 HPMTF H,SO,
£ 51(HOOCH,SCHO) .
Q i i
5 4 N
= 39, / it
21N L7 1
1_
0
DMSO02
2.07(CH3S0,CH3)
1.5
1.0
0.5{¢ o* -
o.o e AT T
“0 5 10 15 20 0 5 10 15 20
Time (h) Time (h)

Figure S9. Mixing ratios of DMS, SO, OCS, DMSO, HPMTF, H2SO,4, DMSO2 and MSA from the Halley Station (polar) box model, using
the original mechanism from Jacob et al. (2024) (Original, red dotted line), the updated gas-phase OH-initiated DMS oxidation mechanism
(Update, orange dashed line), the updated mechanism with the addition of BrO, C1 atoms, aerosol uptake and aqueous chemistry (Update +

X + Aq, blue dot-dashed line) and the mechanism used in this work, including CH3SH chemistry (Update + X + Aq + CH3SH, black line).

20



115

120

125

130

135

140

S6 Meteorological conditions and gas-phase concentrations

The Reactive Halogen in the Marine Boundary Layer (RHaMBLe) project took place at the Cape Verde Atmospheric Observa-
tory (CVAO, 16.86°N, 24.87°W) in May and June 2007 (Lee et al., 2010). The station is located on a beach that faces consistent
NE winds, to sample marine air that is generally free from local pollution. On May 15th-20th, back trajectories identified that
the station was specifically sampling air from the remote North Atlantic Ocean that had passed close to the Canary Islands
(Lee et al., 2010). The data from these days were chosen to constrain the tropical climate box model (Natural Environment
Research Council et al., b).

The Southern Ocean Atmospheric Photochemistry Experiment 2 (SOAPEX2) was conducted at Cape Grim, Australia
(40.68°S, 144.69°E) in January and February 1999 (Sommariva et al., 2004). The experiments were based at the Cape Grim
Baseline Atmospheric Pollution Station (CGBAPS), which is situated 100 m above sea level (on a cliff-top) and 100 m inland.
Depending on the meteorological conditions, the station can sample clean air that is representative of the Southern Ocean.
During the campaign, four days (Feb 7th-8th, and Feb 15th-16th) were classified as sampling this ‘baseline air’ due to the low
concentrations of NOy and non-methane hydrocarbons measured (Sommariva et al., 2004). The concentrations of oxidants and
DMS on those days were used to constrain the temperate climate box model run (Allan et al.). Although BrO was not measured
in the Cape Grim campaign, bromocarbons (CH3Br, CH2Bry, CHBr,Cl and CHBr3) were measured (Carpenter et al., 2003).
These bromocarbons were also measured at Mace Head (Carpenter et al., 2003), where additionally a maximum BrO mixing
ratio of around 4 ppt was measured (Saiz-Lopez et al., 2004). The concentration of bromocarbons at Mace Head was around a
factor of two larger than those measured at Cape Grim (Carpenter et al., 2003), and as such, a maximum mixing ratio of 2 ppt
was used for BrO in the temperate marine box model.

Chemistry of the Antarctic Boundary Layer and the Interface with Snow (CHABLIS) was a campaign conducted at Halley
Research Station, Antarctica (75.58°S, 26.65°W) from February 2004 to February 2005 (Jones et al., 2008; Natural Environ-
ment Research Council et al., a). Halley Station is located 32 m above sea level and 15 km inland; the measurements were
conducted in the Clean Air Sector Laboratory, which is located 1 km southeast of the main station, to minimise the effects of
local pollution. Measurements of OH and HO, were performed in January and February 2005 (Bloss et al., 2007), and the 29th
of January was identified as having an air mass originating from the Weddell Sea (Saiz-Lopez et al., 2007). Where possible,
data from that day was chosen to constrain the polar climate box model; this data includes DMS (Read et al., 2008), OH and
HO5 (Bloss et al., 2007), HCHO (Salmon et al., 2008), O3 (Jones et al., 2008), NO, (Bauguitte et al., 2012), CO (Jones et al.,
2008) and relative humidity and temperature (Natural Environment Research Council et al., a). A peak BrO mixing ratio of 6
ppt was chosen based on the BrO measured on the 1st December 2004 (Saiz-Lopez et al., 2007), representing a summer day
with an air mass from the Weddell Sea.

ECMWF Reanalysis v5 (ERAS) data was used to supplement the fieldwork data and provide additional input parameters,
such as the friction velocity and 10 metre u and v wind components, which are required to calculate the deposition velocity,
along with boundary layer height (Hersbach et al.). In each case, the ERAS coordinates over the ocean that were closest to the

fieldwork data were chosen, specifically: 17.00°N, 24.75°W for Cape Verde, 40.75°S and 144.50°E for Cape Grim, and 75.25°S
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and 26.75°W for Halley Station. The deposition velocity was calculated through a resistance method, which is described in
Section S6.1. Additionally, ERAS data was used to provide relative humidity, temperature and pressure data for the Cape Grim

box model, as those fieldwork measurements were not accessible.
S6.1 Dry deposition

The dry deposition scheme was based off the resistance scheme from Hicks et al. (1987), with the total deposition velocity,
V4, a combination of three resistance variables, R,, Ry, and R, corresponding to aerodynamic resistance, diffusive boundary
resistance and surface resistance, respectively,

1
Vi=—7——
" R, + Ry + R,
For the dry deposition of trace gases, R, and R, tend to dictate the dry deposition velocity (Hicks et al., 1987).
An approximation for aerodynamic resistance ([?,) is used, which is based on wind speed (calculated from the u and v-

component 10 meter velocity in m s~!, uy¢ and vy, respectively) and frictional velocity, 1, (m s~1),

Ry =/ (ufy + U%O)U;Q

The resistance due to diffusion of a gas, X, into the immediate vicinity of the surface, Ry, is given by

2 Scp
7/£us Pr

b

where Pr is the Prandtl number for air (Pr = 0.72), « is the von Karman constant (0.4), p is a constant often taken to be % and
Sc is the Schmidt number for species X,

Vs
Sc = Dngr
with v, the viscosity of air (m* s™!) and D, the gas-phase diffusion of species X (m? s™!). The D, used in this work is given
in Table S1.

Finally, the surface resistance for a compound, R., is dependent on the surface type; as all the box models in this work are
above the ocean, only water surface resistance needs to be considered. An R, of 20 s m~! was used for SOg, based on Zhang
et al. (2003). For O3, a resistance of 2000 s m~! was used, based on Wesely (1989). The DMS oxidation species that have
Henry’s law coefficients a factor of 1000 higher than SOs (DMSO, DMSO2, MSA, MSIA, H,SO,4, TPA and HPMTF, from
Table S1) were given an R, value of 1 s m™!, as these higher Henry’s law coefficients indicate that these species are highly

water soluble.
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S7 Aerosol measurements

Aerosol composition measurements taken during both the Halley Station CHABLIS campaign (Read et al., 2008), and the
Cape Verde RHaMBLe campaign (Sander et al., 2013; Miiller et al., 2010; Fomba et al., 2014), were used to derive aerosol
liquid water content (LWC) and pH. The measurements from Read et al. (2008) from the CHABLIS campaign were used for
the Halley Station model. For the Cape Verde model, the year-long average of Na™ and C1~ from Fomba et al. (2014) was used
(2007-2011), as the authors showed that sea salt concentrations were consistent throughout the year and mostly fluctuated with
wind speed. Additionally, the average concentration of NO3~ and NH4 ™ in May 2007 measured by Fomba et al. was utilised,
along with the concentration of MSA and non-sea salt SOE_ from May 15th-20th from Miiller et al. (2010) measurements. The
total SO;~ concentration was back-calculated from the concentration of Na™* ([SOi‘]:[Na*] x0.2517, (Millero, 2013)). No
aerosol measurements were taken during the Cape Grim SOAPEX2 campaign; however, aerosol concentration measurements
were taken at Cape Grim from November 1988 - August 1990 (Andreae et al., 1999). The concentrations of the ions measured,
including the average measurements at Cape Grim in February 1989 and 1990, are included in Table 1 of the main text. These
concentrations, along with the average temperature, were used as inputs into the Extended Aerosol Inorganics Model (E-AIM)
IV (Wexler, 2002; Clegg et al., 1998, 1992) to obtain aerosol LWC and pH as a function of relative humidity shown in Figure
S11. This modelled data was used, along with time-dependent relative humidity from either ERAS data (in the case of Cape
Grim) or the campaign measurements, to obtain liquid water content and pH over the modelled day, which is given in Figure
S10. The sudden drop in LWC in the Cape Grim box model at around 8 am is due to the relative humidity going below 75%,
the calculated deliquescence relative humidity for that model (as demonstrated by the rapid drop in LWC below 75% relative
humidity in Figure S11).

The aqueous concentration of ozone was found using the same method as Chen et al. (2018), where gas-liquid equilibrium
was assumed using Henry’s Law. The reactions with ozone in the aqueous-phase did not affect the concentrations in our
modelling.

The OH aqueous concentration in marine aerosols has been indirectly measured and ranges from 5 x 10716-1 x 10715 M,
with marine cloud droplets measuring 9 x 1016 M (Arakaki et al., 2013). In our modelling, the OH aqueous concentration
was constrained to a constant concentration of 8 x 10~16 M, based on an average of the measured aerosol measurements.

To calculate the rate of adsorption into an aerosol for different species in our model, in addition to temperature and aerosol
liquid water content, the aerosol radius is required. In the SPACCIM model, a well-mixed deliquesced aerosol containing
insoluble and soluble compounds is assumed, however, the Schwartz approach used in this work and the SPACCIM model also
assumes a well-diluted droplet (Wolke et al., 2005). Following personal correspondence with Eric Hoffmann, it was identified
that the aerosol modelling used in Hoffmann et al. (2016) divided the aerosol radius (0.38 um) by 10 to create a ‘pseudo water
particle’ with a radius of 0.038 um.

To evaluate the calculated absorption rate (along with the aerosol radius used), the absorption rate of sulfuric acid (H3SOy)
can be directly compared to observed condensation sinks. (Ranjithkumar et al., 2021) used data from four Atmospheric Tomog-

raphy (ATom) field campaigns (ATom1-4) and separated them by latitude bands, which included tropics (25°N-25°S), lower
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Figure S10. The relative humidity (RH) used in the calculations, along with the calculated aerosol pH and the unitless liquid water content

(LWC, w/w) for the Cape Verde, Cape Grim, and Halley Station box models.

midlatitudes (25-60°S) and lower high latitudes (60°S-90°S) (Wofsy et al.). Figure S12 shows the interquartile range (25th-75th
205 percentile) of the measured condensation sink in the lowest altitude bin (0.18-1 km) in the three latitude bands. The adsorption
rate calculated from the radius of the ‘pseudo water particle’ used by Hoffmann et al. (and the aerosol liquid water content and
temperature for each model described above) is up to a factor of 50 higher than the observed condensation sink for the southern
midlatitudes, and a factor of 10 for both the tropics and southern high-latitudes (Figure S12). Using the same aerosol radius as
the Hoffmann et al. model (0.38 um) without a correction factor results in a maximum calculated condensation sink within a

210 factor of two of the observed values and, as such, was used for this work.
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Figure S11. The relative humidity (RH) dependence of aerosol pH and unitless liquid water content (LWC, w/w) calculated for the Cape
Verde, Cape Grim and Halley Station box models.
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Figure S12. The condensation sink (adsorption rate of sulfuric acid onto aerosol) calculated in this work (solid line) for the Cape Verde,

Cape Grim and Halley Station models (labelled tropical, temperate and polar, respectively), compared to the condensation sink calculated

using the factor of 10 correction to aerosol radius used by Hoffmann et al. (2016) (dashed line). The grey bar represents the interquartile

range of observed condensation sinks by ATom flight campaigns 1-4 from 0.18-1 km altitude in tropical, southern midlatitudes and southern

high-latitude bands (referred to here as tropical, temperate and polar, respectively) (Ranjithkumar et al., 2021; Wofsy et al.).
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S8 Input parameters for the three marine box models

Table S3. The additional loss rates for OH and HO» (s~*) used in the Cape Verde, Cape Grim and Halley Station box models.

Cape Verde Cape Grim Halley Station
OH 04 0.05 0
HO> 0.02 0.004 0.01

Table S4. The initial mixing ratios (ppm) used in the Cape Verde, Cape Grim and Halley Station box models.

Cape Verde Cape Grim Halley Station

H,0 21288 14944 3190

Ho 0.5 0.5 0.5

H.0>  0.001 0.001 0.001

NO 3.00x107% 1.00x107% 7.00x 1077
NO2 3.00x107% 1.00x107°% 7.00x107°
HNO3;  1.50x107® 5.00x10"* 2.50x107*
03 0.035 0.016 0.01

CH4 1.8 1.688 1.8

Cco 0.104 0.041 0.035

DMS 1.00x10™* 1.00x10™* 4.00x 107°
SO. 2.00x107° 2.00x 107 2.00x107°
CH3;SH 2.00x107° 2.00x107° 1.20x107°
HCHO 328x107* 0 1.50 x 1074

Table S5. The emissions (molecules cm ™2 s™1) used in the Cape

Verde, Cape Grim and Halley Station box models.

Cape Verde  Cape Grim Halley Station
DMS 3.50x 10°  5.80x 10°  4.00 x 10°
O3 1.20 x 10'*  4.60 x 10*®  1.00 x 10'°
CH3SH 7.70 x 10®  1.04x10°  1.20 x 10°
Cco 2.00x 10 0 0
HCHO 0 9.00 x 10°  2.50 x 10°
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Table S6. The deposition velocities (cm s~ ') over the diurnal cycle used in the Cape Verde model.

Time (h) SOz O3 MSA MSIA DMSO DMSO2 H»SOs HPMTF TPA

0 0.77 005 0.87 090 0.89 0.89 0.89 0.89 0.90
1 0.77 005 0.86 0.89 0.88 0.88 0.88 0.87 0.89
2 076 005 0.86 0.88 0.87 0.87 0.87 0.87 0.88
3 075 005 0.84 0.86 0.86 0.85 0.86 0.85 0.86
4 072 005 0.80 0.83 0.82 0.82 0.82 0.82 0.83
5 071 005 0.79 0.81 0.81 0.80 0.81 0.80 0.82
6 0.73 0.05 0.81 0.83 0.83 0.82 0.83 0.82 0.84
7 0.81 005 092 0% 0.93 0.93 0.93 0.93 0.94
8 0.83 005 095 097 0.97 0.96 0.97 0.96 0.98
9 0.85 0.05 0.97 1.00 0.99 0.98 0.99 0.98 1.00
10 085 0.05 098 1.01 1.00 1.00 1.00 0.99 1.01
11 0.84 0.05 096 099 0.98 0.98 0.98 0.97 0.99
12 0.82 0.05 093 096 0.95 0.95 0.95 0.94 0.96
13 0.80 0.05 090 093 0.92 0.92 0.92 0.92 0.93
14 079 005 0.89 091 0.91 0.90 0.91 0.90 0.92
15 076 005 0.85 0.87 0.87 0.86 0.87 0.86 0.88
16 073 005 081 0.84 0.83 0.83 0.83 0.83 0.84
17 071 005 0.80 0.82 0.81 0.81 0.81 0.81 0.82
18 072 0.05 0.81 0.83 0.82 0.82 0.82 0.82 0.83
19 079 005 090 092 0.92 0.91 0.92 0.91 0.93
20 0.80 0.05 091 0.94 0.93 0.92 0.93 0.92 0.94
21 079 005 0.89 092 0.91 0.90 0.91 0.90 0.92
22 0.77 005 0.87 0.89 0.89 0.88 0.89 0.88 0.90
23 076 0.05 086 0.88 0.87 0.87 0.87 0.87 0.88
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Table S7. The deposition velocities (cm s~ ') over the diurnal cycle used in the Cape Grim model.

Time (h) SOz O3 MSA MSIA DMSO DMSO2 H»SOs HPMTF TPA

0 1.00 0.05 1.19 1.19 1.22 0.76 1.21 1.17 1.21
1 092 0.05 1.08 1.08 1.11 0.72 1.10 1.07 1.10
2 0.86 0.05 099 099 1.01 0.68 1.01 0.98 1.01
3 096 0.05 1.13 1.13 1.15 0.74 1.15 1.11 1.15
4 .11 005 135 1.35 1.39 0.83 1.38 1.33 1.38
5 1.25  0.05 1.57 1.57 1.62 0.90 1.61 1.55 1.61
6 097 0.05 1.15 1.15 1.18 0.75 1.17 1.13 1.17
7 1.02 005 1.21 1.21 1.25 0.77 1.24 1.20 1.24
8 .12 005 1.37 1.37 1.41 0.83 1.40 1.35 1.40
9 1.26  0.05 1.58 1.58 1.63 0.91 1.61 1.56 1.61
10 1.31  0.05 1.68 1.68 1.73 0.94 1.71 1.65 1.71
11 1.29 005 1.64 1.64 1.69 0.92 1.67 1.62 1.67
12 129 0.05 1.64 1.64 1.69 0.92 1.68 1.62 1.68
13 1.29 005 1.64 1.64 1.69 0.92 1.67 1.62 1.67
14 1.29 0.05 1.65 1.65 1.70 0.93 1.68 1.63 1.68
15 1.31  0.05 1.67 1.67 1.72 0.93 1.71 1.65 1.71
16 1.31  0.05 1.67 1.67 1.72 0.93 1.71 1.65 1.71
17 1.29 0.05 1.65 1.65 1.70 0.93 1.68 1.63 1.68
18 124 005 1.56 1.56 1.60 0.90 1.59 1.54 1.59
19 1.17 005 145 1.45 1.49 0.86 1.48 1.43 1.48
20 .11 005 1.35 1.35 1.39 0.83 1.37 1.33 1.37
21 1.08 0.05 1.31 1.31 1.35 0.81 1.34 1.29 1.34
22 1.06 005 127 1.27 1.31 0.80 1.30 1.25 1.30
23 1.04 005 125 1.25 1.29 0.79 1.27 1.23 1.27
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Table S8. The deposition velocities (cm s~ ') over the diurnal cycle used in the Halley Station model.

Time (h) SOz O3 MSA MSIA DMSO DMSO2 H»SOs HPMTF TPA
0 039 0.04 040 041 0.41 0.41 0.41 0.41 0.41
1 049 005 053 054 0.54 0.53 0.54 0.53 0.54
2 0.60 0.05 0.66 0.68 0.67 0.67 0.67 0.67 0.68
3 072 0.05 0.81 0.83 0.82 0.82 0.82 0.82 0.83
4 0.86 0.05 0.99 1.02 1.01 1.01 1.01 1.01 1.02
5 097 005 1.14 1.18 1.17 1.16 1.17 1.16 1.18
6 1.06 005 127 1.30 1.29 1.29 1.29 1.28 1.31
7 1.15 0.05 141 1.46 1.44 1.44 1.44 1.43 1.46
8 1.27 005 1.60 1.65 1.64 1.63 1.63 1.62 1.66
9 135 005 1.74 1.79 1.78 1.77 1.77 1.76 1.80
10 140 0.05 1.83 1.89 1.87 1.86 1.87 1.86 1.90
11 142 005 1.86 1.92 1.91 1.90 1.90 1.89 1.93
12 1.39  0.05 1.81 1.87 1.86 1.85 1.85 1.84 1.88
13 1.38 005 1.79 1.85 1.83 1.82 1.83 1.82 1.86
14 1.39 005 1.80 1.86 1.85 1.84 1.85 1.83 1.87
15 1.39 005 1.80 1.86 1.84 1.83 1.84 1.83 1.87
16 134 005 1.72 1.78 1.76 1.75 1.76 1.75 1.78
17 1.27  0.05 1.61 1.66 1.64 1.63 1.64 1.63 1.66
18 1.17 005 143 1.48 1.47 1.46 1.47 1.46 1.48
19 1.07 005 1.28 1.32 1.31 1.31 1.31 1.30 1.33
20 097 005 1.14 1.18 1.17 1.16 1.16 1.16 1.18
21 0.87 0.05 1.00 1.03 1.02 1.02 1.02 1.01 1.03
22 0.70 0.05 0.78  0.80 0.80 0.79 0.80 0.79 0.81
23 052 0.05 056 @ 0.57 0.57 0.57 0.57 0.57 0.57
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S9 Exceptions to the uncertainty framework

There are a few exceptions to the application of the uncertainty framework, where the methodology cannot be applied, and the
NASA panel report does not provide an uncertainty factor. These exceptions are described below.

For the reaction of CH3SO with NO5 two sets of products can form (CH3z + SO5 and CH3S05), however, the NASA panel
report only included the uncertainty for the total reaction (Burkholder et al., 2019). For that reaction, the uncertainty factor for
the total reaction (1.44 at 20’) was increased to account for the uncertainty in the branching ratio from Borissenko et al. (2003)
(1.2 and 1.07 for the formation of SO, and CH3SOs, respectively).

Although the self-reaction of CH3SCH0OO (methylthiomethyl peroxy, MTMP) has been studied experimentally and given
an uncertainty factor of 1.56 (Burkholder et al., 2019), following the MCM procedure, the reaction rate constant is combined
with the measured CH3OO rate constant (f2(7) = 1.44) to calculate a pooled RO5 rate constant using double the geometric
mean (as CH3OO is the most abundant peroxy in the atmosphere) (Jenkin et al., 1997). Additionally, structure-activity rela-
tionships have been utilised to determine branching ratios for the peroxy self-reaction, increasing the associated uncertainty.
For the pooled reaction between CH3SCH2OO and ROs, an uncertainty factor of 3 was assigned.

Two studies measured the reaction of CH3SCHO with OH radicals (Ye et al., 2022; Patroescu et al., 1996), and the rate
constant determined was an average of the rate constant from both studies; an uncertainty factor of 1.5 was assigned as it
provided an uncertainty range that included both measured rate constants and their associated uncertainty.

Although the reaction of CH3SH and BrO has been measured directly, the experiments were performed at a low pressure
(up to 3 Torr). Additionally, the reaction was found to show pressure dependence. As the rate constant at atmospheric pressures
is unknown, the NASA panel report did not assign an uncertainty factor for the reaction, however, in this work we assigned an
uncertainty factor of 10 to represent the pressure-related uncertainty.

In our mechanism, the rate constant for the addition of DMS with a Cl atom was calculated as the difference between the total
rate constant for the reaction of DMS and Cl and the rate constant for the abstraction reaction. The NASA panel report provides
uncertainty factors for both the total reaction and the abstraction, and the absolute errors calculated from the recommended
uncertainty factors were combined to determine the relative uncertainty for the addition reaction.

Finally, for the equilibrium reactions of CH3S, CH3S0O and CH3SO2 with oxygen, the uncertainty factor is attributed to the
equilibrium rate constant. As the reactions with oxygen are sufficiently fast (due to the atmospheric concentrations of oxygen),
only the uncertainty factor due to the equilibrium rate constant was considered, which was applied to the forward rate constant.
The same methodology was applied to the reactions of CH3SO2045 and CH3SOO- with NOo, and the OH addition to DMS.

Uncertainties from Henry’s law constants were also included. These uncertainty factors were based on the NASA panel
report where available. In addition, a factor of 55 was used for the COSMOtherm calculated constants from Wollesen de Jonge
et al. (2021), and a factor of 100 was used for thioperformic acid (TPA), where no calculation had been performed. These larger

rate constants represent the factors provided by the NASA panel report.
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S10 Determining sample size

The sensitivity indices for four gas-phase species calculated from eight sets of Monte Carlo runs (covering 100, 250, 500,
1000, 1500, 2000, 2500 and 3000 simulations) for the tropical box model are shown in Figure S13. Only reactions with a
sensitivity index higher than 0.05 in the 3000-run Monte Carlo set are shown. In Figure S13, the shaded area represents the
largest negative sensitivity index calculated in the set; as Sobol sensitivity indices range from zero to one, negative sensitivity
indices are considered noise due to model approximation error, however, large negative values indicate the sample size is too

small.
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Figure S13. The sensitivity indices from different sets of Monte Carlo sample sizes for the reactions contributing the most to the uncertainty
in gas-phase SOz, MSA, DMSO and H2SOy in the tropical box model at midday. Each line represents a reaction or process contributing to

the uncertainty in the concentration of a species, with the colour of the line indicating the relative ranking of the reaction/process.

After 1000 runs, the sensitivity indices converged, however, the estimated sensitivity indices still showed some variation
across the different sample sizes. This deviation is due to the variance in the sensitivity indices from resampling, with the mean
representing the ‘true’ estimate from this method (Goffart and Woloszyn, 2021). Figure S14 demonstrates this variance in the
resampling by showing the deviation from the mean in calculated sensitivity indices from sample sets that include 1000 runs
or more, for reactions that have a sensitivity index of at least 0.05. This variance seems independent of the magnitude of the
sensitivity index, and absolute values from one set of runs are generally within 0.04 of the mean.

For example, in the 2000 run simulation results for tropical box model, the most important contributor to the uncertainty in
gas-phase SO5, Henry’s law constant for MSIA, has a sensitivity index of 0.287, which is within 0.04 of the mean sensitivity
index for that process across the different sample sizes, 0.276. However, if only one set of runs were performed (with a sample

size of 2000), the resulting sensitivity index could be described as 0.2940.04, to include the uncertainty due to running only
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Figure S14. The deviation of the calculated sensitivity indices (ASI) of the 1000, 1500, 2000, 2500 and 3000 sample sets from their mean

(for the most sensitive reactions in the tropical box model at midday), providing an absolute error from the variance in resampling.

one set of Monte Carlo simulations. This uncertainty does not account for the bias due to the estimation method, which may be
higher (Azzini et al., 2021). For the temperate and polar box model runs only one set of Monte Carlo runs have been performed,

with a sample size of 2000.
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S11 Distribution in species concentrations
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Figure S15. The distribution of midday gas-phase mixing ratios for DMS, CH3SH, OCS, MSA, SOz, DMSO, HPMTF and H2SOy4 of the

2000 Monte Carlo simulations across the three marine regimes.
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265 S12 Summary of sensitivity analysis at different times of the day
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Figure S16. The contribution of different processes (reactions and phase transfers) to the uncertainty in gas-phase concentrations of DMSO,

HPMTE, MSA, OCS, H2SO4 and SO> at midnight.
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Figure S17. The contribution of different processes (reactions and phase transfers) to the uncertainty in gas-phase concentrations of DMSO,

HPMTF, MSA, OCS, H>SO4 and SO at 6 am.
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Figure S18. The contribution of different processes (reactions and phase transfers) to the uncertainty in gas-phase concentrations of DMSO,
HPMTEF, MSA, OCS, H2S04 and SO2 at 6 pm.

DMSO HPMTF MSA 0Cs H,SO, SO,
1.1
1.0
0.9 W Evaluated experiments
% 0.8 l B Direct measurement
3 l ® Indirect measurement
= 0.7 I_ Theory
> 0.6 W Estimate
= B SAR
2 0.5
=
% 0.4 _
n 0.3
0.2
0.0 - Q= - Q= Q= - Q= o= s o=
238 258 288 288 288 258
dgQ 0ogQ g2 dAg2 ogQ aogo
a 2 a O a 2 o O a o o O
EF I EF I EF I
@ @ @ @ @ @

Figure S19. The contribution of different sources of rate constants to the uncertainty in gas-phase concentrations of DMSO, HPMTF, MSA,
OCS, H2504 and SO at midnight.
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Figure S20. The contribution of different sources of rate constants to the uncertainty in gas-phase concentrations of DMSO, HPMTF, MSA,
OCS, H2S0O4 and SO2 at 6 am.
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Figure S21. The contribution of different sources of rate constants to the uncertainty in gas-phase concentrations of DMSO, HPMTF, MSA,
OCS, H2504 and SO> at 6 pm.
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