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NO3-CIMS calibration factor
The intensity of SA and MSA was calculated by summing ions originating from each of these two species, normalising them to the sum of the reagent ions and multiplying by a calibration factor as per the equation below:
[X] = C x [Σ(HNO3)nX-  ]  / [Σ(HNO3)nNO3-], 
where X is SA or MSA, n = 0-2 and C is a calibration factor (molec. cm−3 ncps−1; npcs: normalised counts per second). 
The NO3-CIMS was not directly calibrated for SA in this study due to the complexity of the procedure, however, literature-reported calibration factors are broadly consistent across studies [1]. A value of 8.4 x 109 molecule cm−3 ncps−1 was used here as a median of 21 values reported across studies. The studies and their corresponding calibration factors are listed in Supplementary Table 1. The lower and upper literature values of 0.13 x 1010 and 2.0 x 1010 molecule cm−3 ncps−1 were used to estimate uncertainty. This results in an uncertainty of -75%, +140%. Nevertheless, correction using this value provides the expected order of magnitude for atmospheric concentrations of SA and MSA and does not influence the trends nor the ratio of these species. 

E-AIM model
To investigate whether E-AIM can simulate the temporal behaviour of MSA during CAPRICORN-2, we needed a higher time resolution of chemical species used in the model. For that purpose, we used 24 hr PM1 filter data and interpolated it to 1 hr resolution. While this is not the real aerosol chemical composition during Capricorn-2, it provides a sensible high time resolution compositional scenario for investigating MSA  gas-particle partitioning. This closely mimics our observational dataset. PM1 filter data and interpolated time series are shown in Supplementary Figure 7. Relative humidity and temperature were obtained from the ship’s underway data.
To investigate the role of pH and RH on MSA partitioning we used filter composition on 30 Jan (chosen as a representative of the “high MSA” period) and total MSA observed at that period, and varied aerosol pH between -1.5 and 3 by varying NH4+ concentrations. The temperature was kept at 273.15 K and RH was varied between 60% and 100%. On several occasions the observed RH was slightly below 60%, but those values were adjusted to 60% as the E-AIM model IV cannot run at RH lower than 60%. 
[bookmark: _Ref197084099]
Supplementary Table 1.  Literature-based NO3-CIMS calibration factors for H2SO4
	Reference
	[bookmark: _Hlk197082346]Calibration factor (molecule cm−3 ncps−1)

	Jokinen et al (2012) [2]
	5.00E+09

	Jokinen et al (2012) [2]
	1.89E+10

	Rissanen et al (2014) [3]
	1.94E+10

	Berndt et al (2015,2016); Jokinen et al (2014, 2015)[4-7]
	1.85E+09

	Mutzel et al (2015) [8]
	8.40E+09

	Kirkby et al (2016) [9]
	6.50E+09

	Kurten et al (2016) [10]
	6.00E+09

	Riva (2019) [11]
	2.00E+10

	Quelever et al (2019) [12]
	1.65E+09

	Pulinen et al (2020) [13]
	3.70E+10

	Shen et al (2021) [14]
	2.50E+10

	Cheng et al (2021) [15]
	1.66E+10

	Xu et al (2021) [16]
	1.57E+10

	Xu et al (2021) [16]
	2.00E+10

	Wang et al (2022) [17]
	1.10E+10

	Baccarini et al (2021) [18]
	6.90E+09

	Olin et al (2020) [19]
	1.30E+09

	Olin et al (2020) [19]
	9.10E+09

	Olin et al (2022) [20]
	2.45E+09

	Yuan et al (2024) [21]
	2.49E+09

	Shen et al (2022) [22]
	4.13E+10

	Shen et al (2024) [23]
	6.20E+09

	Median
	8.75E+09
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Supplementary Figure 1. The ratio of MSAg to SAg during CAPRICORN-2 voyage. 

[image: A graph of a graph

AI-generated content may be incorrect.]
Supplementary Figure 2. Gaseous MSA and solar radiation during the “high MSA” period. MSA concentration (green line) and solar radiation (black line) demonstrate that MSA variability does not consistently align with the solar radiation cycle.
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Supplementary Figure 3. Temperature, relative and absolute humidity during CAPRICORN-2. (a) Absolute humidity (AbsH; light blue) and temperature (Temp.; red) shown together with MSAg (coloured by latitude); (b) Rlative humidity (RH) during the voyage.
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Supplementary Figure 4.  Correlation between gaseous MSA and PM1 SO42- (a) and MSAg (b) and CCN at 0.35% SS (c) during the “high MSA” period.
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Supplementary Figure 5. Particulate MSA/SA ratio during CAPRICORN-2. MSAp/SAp was  calculated from daily PM1 filter measurements and coloured by MSAp mass concentration to emphasise “high MSA” period 
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Supplementary Figure 6. PM1 ionic composition during the “high MSA” period (left) and the rest of the voyage(right). (a) and (b) represent all ions and (c) and (d) only anions.
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[bookmark: _Ref199931422][bookmark: _Ref199931407]Supplementary Figure 7. Ionic species used in the E-AIM model. Diamonds are filter measurements and lines are smoothed spline interpolation of filter measurements to 1 hr data to create a high-resolution realistic compositional scenario for the E-AIM model. SO42- includes total SO42- and non sea salt SO42- (nss-SO42-) calculated by subtracting the sea salt contribution to SO42- from the total measured SO42- (nss-SO42−​= SO42−​−([Na+]/[SO42−​]​)seawater​ × [Na+]sample). nss-SO42- was used in E-AIM II.
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Supplementary Figure 8. Comparison of estimated pH using two E-AIM settings. E-AIM II (pink)  uses H+ - NH4+ - nssSO42− - NO3− - H2O (+total MSA) system and here represents secondarily formed particles  and E-AIM IV (purple) uses H+-NH4+-Na+-SO42−-NO3−-Cl−-H2O (+total MSA) system and is used to represent internal mixture of seas pray and secondarily formed species.
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