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S1 Reactions added and adjusted from the MCM in the Jernigan, Shen and Ye mechanisms

The following tables provide the additions and adjustments to the MCM v3.3.1 DMS mechanism to make the Jernigan, Shen

and Ye mechanisms (Jernigan et al., 2022; Shen et al., 2022; Ye et al., 2022) used in this work. The references for each of

the reactions come directly from the papers themselves, and only changes to the sulfur reactions presented in the papers were

included in these mechanisms. The ‘adjusted’ reactions refer to adjustments of rate constants or products of the reactions in5

the MCM.
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S2 Modelling the Albu et al. experiment

As the Albu et al. (2008) experiment was not modelled in their paper, a different approach was taken to model their experiment.10

The input parameters for the model were taken from the experimental conditions described in the paper, however, the photolysis

rate was not given and needed to be found through the best fit of the experimental data. In the case of Albu et al. (2008),

ultraviolet (UV) lamps with a peak wavelength of 254 nm were used to photolyse the H2O2 in the reaction chamber into

two OH radicals. The photolysis rate constant (J) of H2O2 was adjusted until a good fit was found with the loss of DMS

measured in the experiment. The photolysis rate found to replicate the Albu et al. (2008) experiment was 1.4×10−4 s−1, and15

the photolysis of products that absorbed at 254 nm (such as methyl hydroperoxide, CH3OOH and methyl thioformate, MTF)

were also included.

Figure S1 shows the loss of DMS observed by Albu et al. (2008) compared to the box model runs. The fit initially deviates

from the experimental values. This deviation could be partly due to the experimental data being extracted from figures of Albu

et al. (2008) using Webdigitizer. The digitisation of data can lead to some inconsistencies with the original data, such as the20

initial concentration not starting at the zeroth time step in Figure S1.

Figure S1. The measured DMS concentration in the Albu et al. (2008) experiment, compared to the model runs using different mechanisms

(Jernigan, Ye, Shen, MCM, and the mechanism from this work). The photolysis rate of H2O2 was set so that the modelled loss of DMS

matched the concentration measured.

7



S3 Modelling the Ye et al. experiment 1

The modelling of Ye et al. (2022) experiment 1 was initially replicated with the same input parameters as used in the paper, as

shown in Figure 2 of the main text. However, for this study, one parameter was changed: the initial concentration of NO2. In

the modelling of experiment 1, the authors set the initial NO2 concentration to zero, although it was measured to be 88 ppb at25

the start of the experiment. Figure S2 shows that changing the input NO2 concentration to 88 ppb results in fewer OH radicals

reacting with DMS in the model, which results in 35% less DMS reacting using the same mechanism used in the paper (Ye

mechanism) and 41% less DMS reacted in the model compared to the experiment. The figure shows the raw DMS measured

in the experiment, uncorrected for dilution, alongside the modelling from the Ye mechanism and the mechanism developed in

this work (all of which include the loss of DMS from dilution). The pink dashed line represents the modelling conducted by30

Ye et al. (2022) in their paper, which was shown in Figure 2 of the main text. The red dashed line uses the same mechanism,

however, includes the initial 88 ppb of NO2; this modelling is used to represent the Ye mechanism in the rest of the paper.

The subsequent deviation between the model output and the measured loss of DMS is later explained as being due to the

CH3SO3 radicals formed reacting with DMS to form methane sulfonic acid (MSA, CH3SO3H) and CH3SCH2, a reaction

which was not included in the mechanism used by Ye et al. (2022) (this is discussed further in Section 5 of the main text). Our35

mechanism (yellow dot-dashed line), with the inclusion of this reaction, is able to replicate the measured DMS with the initial

NO2 concentration of 88 ppb.

Figure S2. The raw measured DMS (grey solid line) from Ye et al. (2022) experiment 1, compared to the modelling of the Ye mechanism

and the mechanism from this work (red dashed line and yellow dot-dashed line, respectively). In addition, the original modelling from Ye

et al. (2022) is included (pink dashed line).

S4 Modelling of the different experiments

8



Figure S3. 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 mechanism developed in this work.

Figure S4. The fractional gross error, correlation coefficient and modified mean bias of the mechanisms for all species measured in the Albu

et al. (2008) experiment.
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Figure S5. 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 the mechanism developed in this work. Note that the experimental DMSO2 represents the product C2H6SO2

measured by Ye et al. (2022), which may also include CH3SCH2OOH.

Figure S6. The fractional gross error, correlation coefficient and modified mean bias of the mechanisms for all species measured in the Ye

et al. (2022) experiment 1. Note that the observed DMSO2 represents the product C2H6SO2 measured by Ye et al. (2022), which may also

include CH3SCH2OOH.
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Figure S7. 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 the mechanism developed in this work. Note that the experimental CH3SCH2OOH represents the product

C2H6SO2 measured by Ye et al. (2022), which may also include DMSO2.

Figure S8. The fractional gross error, correlation coefficient and modified mean bias of the mechanisms for all species measured in the Ye

et al. (2022) experiment 2a. Note that the observed CH3SCH2OOH represents the product C2H6SO2 measured by Ye et al. (2022), which

may also include DMSO2.
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Figure S9. 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 the mechanism developed in this work.
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Figure S10. The fractional gross error, correlation coefficient and modified mean bias of the mechanisms for all species measured in the

Shen et al. (2022) experiment.

Figure S11. The fractional gross error, correlation coefficient and modified mean bias of the mechanisms for all species measured in the

Jernigan et al. (2022) experiment.
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S5 Modelling MSA in the Shen et al. (2022) experiment

Understanding the modelling of MSA in the Shen et al. (2022) experiment demonstrates the complexity of MSA formation,40

and allows an exploration of the uncertainties in the rate constants, and their temperature dependence (due to the experiment

being conducted at 263 K). For that experiment, only the Shen mechanism and our mechanism modelled MSA with a fractional

gross error of less than 1.5, although the MSA modelled through our mechanism is 3.6 times higher than measured (Figure

S12). The MSA from all mechanisms came from the reaction of CH3SO3 with HO2; the rate constant for that reaction is

an estimate from Yin et al. (1990) and has not been measured experimentally. However, additional uncertainties arise when45

considering the modelling of CH3SO3 radicals.

Figure S12. The measured MSIA, MSA, H2SO4 and CH3SO2OOH from the Shen et al. (2022) experiment (grey solid line), compared to

the modelled results from the mechanism from this study, using the model inputs from the Shen et al. (2022) paper (yellow dot-dashed line),

and from setting the DMSO and DMSO2 concentrations to those measured in the experiment (black dotted line).

In the Shen mechanism, and the mechanism developed in this study, the modelled CH3SO3 came from MSIA reacting with

OH radicals; this reaction forms CH3SO2, which then typically dissociates to form SO2 and CH3 or eventually becomes the

CH3SO3 radical (other pathways are possible, but minor). In the other mechanisms, the products of the MSIA reaction with

OH are SO2 and CH3, which results in less MSA being produced by those mechanisms for this experiment (as no CH3SO350

forms through MSIA oxidation). There is only one study that measured the reaction between MSIA and OH, Kukui et al.

(2003), which found that SO2 formed at unit yield. However, that experiment was conducted in the absence of oxygen, which

is needed to form CH3SO3, and products other than SO2.
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The mechanism from this work overestimates the MSA formed, which could be due to a few factors. As the MSIA modelled

through our mechanism overestimates the experiments (2.6 times higher than measured), it could account for some of the55

overestimation of MSA in the model. The overestimation of MSA could also indicate that the rate constant used for the

reaction between MSIA and OH (by Kukui et al. (2003)) is too fast at this temperature (263 K). Additionally, there are also

large uncertainties in the reactions of CH3SO3 (including the reaction with HO2 to form MSA), and the modelled concentration

of HO2.

The overestimation of MSIA from the models, formed from the reaction of DMSO with OH, can come from a few sources.60

The DMSO formed is also overestimated in the mechanisms, which would result in an overestimation of MSIA, however,

DMSO (and DMSO2) formed in the Shen et al. (2022) experiment was found to come from both gas-phase reactions and wall

reactions (which were included as part of the auxiliary mechanism). To investigate the formation of MSIA from DMSO, the

DMSO and DMSO2 were set to the measured values (Figure S12, black dotted lines). Setting the DMSO to the measured

values did decrease the MSIA modelled by 28%, however, the model still overestimated MSIA by around 89% compared to65

the measured MSIA concentration.

The rate constant for the DMSO and OH reaction forming MSIA is well established at 298 K (8.9×10−11 cm3 molecules−1

s−1, Burkholder et al. (2019)), but only one temperature-dependent study was performed (at temperatures above room temper-

ature) which contained large uncertainties. That study by Hynes and Wine (1996) found that the OH reaction with DMSO had

a negative activation energy (the rate constant increased with decreasing temperature) where E/R = -800±540 K. However,70

to fit the MSIA formed, a rate constant slower than the rate constant determined at 298 K would be needed (5.7×10−11 cm3

molecules−1 s−1). This indicates that the temperature dependence of this reaction should be studied further.

Further experiments on the reactions of DMSO and MSIA with OH radicals, and their temperature dependence, could

improve the modelling of MSA at the lower temperatures studied in the Shen et al. (2022) experiments (263 K). Additionally,

experiments to determine the rate of the reaction of CH3SO3 reaction with HO2 could further improve MSA modelling in the75

marine environment.

S6 Marine boundary layer set up
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Table S6. The initial and background concentrations of species used in the remote marine boundary layer run

Species Concentration (ppm)

M 1× 106

N2 7.8× 105

O2 2.1× 105

H2O 1× 104

CH4 1.8

CO 0.1

H2 0.5

O3 3× 10−2

H2O2 1× 10−3

NO 1× 10−6

NO2 1× 10−5

HNO3 5× 10−4

DMS 2× 10−4

SO2 2× 10−5
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Table S7. The temperature and planetary boundary layer (PBL) height over the diurnal cycle.

Time (h) Temperature (K) PBL height (m)

0 289.5359 1300

1 289.1363 1300

2 289.0000 1350

3 289.1363 1400

4 289.5359 1450

5 290.1716 1500

6 291.0000 1550

7 291.9647 1450

8 293.0000 1400

9 294.0353 1350

10 295.0000 1300

11 295.8284 1250

12 296.4641 1200

13 296.8637 1200

14 297.0000 1200

15 296.8637 1200

16 296.4641 1150

17 295.8284 1150

18 295.0000 1100

19 294.0353 1200

20 293.0000 1300

21 291.9647 1400

22 291.0000 1400

23 290.1716 1350

24 289.5359 1300
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