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Introduction and Motivation Mechanism Development and Modelling .
Dimethyl sulphide (DMS) is the most important precursor for non-sea salt sulphate aerosols over the open ocean (1). m Mechansim development :’-" .
Because of their high hygroscopicity, sulphate aerogols can gct very well as cloud condensation nuclei (CCN,). . Update of the halogen module 2.0 (HM2.0) to HM2.1 based on the latest updates on IUPAC (5) vy
Furthermore, sulphate aerosols have a strong negative radiative forcing. As oceans cover about 70% of Earth’s | | | | | .'
surface and have low albedo, DMS oxidation therefore plays a major role in influencing the natural radiative forcing - Development of an extensive multiphase DMS chemistry mechanism, gas phase mechanism based on MCMv3.2 * *
of sulfate aerosols as well as changes to cloud properties (2). and a new aqueous phase mechanism v
Despite different investigations on DMS multiphase chemistry, the tropospheric DMS oxidation processes including - Kinetic data are based on the latest IUPAC or JPL recommendations (6) and the most recent literature data .
its oxidation products are not completely understood (1). First mechanism only treated gas phase chemistry of DMS _ _ _ _ _ *
and were not able to reproduce measured oxidation products, for e.g methyl sulfonic acid (MSA) (3). Later « DM1.0 includes 103 gas phase reactions (66 reactlong. alrgady implemented in _MCMy3.2_), 5 phase transfers and 54 s
developed mechanism, which treated multiphase DMS chemistry considered only simplified schemes of aqueous aqueous phase reactions (full aqueous phase mechanism is presented schematically in Fig. 1)

phase chemistry, although detailed kinetic data are available in literature. Hence, to improve the understanding of
DMS oxidation, simulations with advanced DMS multiphase chemistry mechanisms are necessary.
Thus, the current study was aimed at (i) the development of a detailed multiphase DMS chemistry mechanism, (ii)

coupling of the new CAPRAM DMS module 1.0 (DM1.0) on the existing MCM-CAPRAM-HM2.0 mechanism and (iii)
its application for simulations with the SPectral Aerosol Cloud Chemistry Interaction Model (SPACCIM, (4)). O: QH
» O—=S—=0
|
HZC\O
m Multiphase modelling & .0
Multiphase Chemistry Mechanism * Coupling of DM1.0 with the multiphase chemistry mechanism DMS 0,
MCMv3.2/CAPRAM4.0a+HM2.1 leads to overall 21927 pro- Ho. CH : @
MCMv3.2 / CAPRAM4.0a+HM2.1 _ + 0 o\ p PN CAEZNNN NN T R
cesses (schematic descrition presented in Fig. 2) | |
21831 Processes O HC
- Simulations carried out for an open ocean scenario with ¢
non-permanent diurnal and nocturnal clouds gg.> y
Gas Phase Phase Aqueous Phase e :
Chemistry Transfer Chemistry - Several sensitivity studies performed (see Table 1) ! <4
X SO
. . . g
14195 Heactions 308 Species 7523 Reactions Table 1: Overview on the different sensitivity runs H.C~™CH / !
Model run Specification i i o SO,
: full ——  MCMv3.2, CAPRAM4.0a, HM2.1 and DM1.0 HC” N
Multiphase DMS module 1.0 wolodine ——  ‘full without iodine chemistry i CH.SO:
woHM2 ~ ——  ‘full* without HM2.1 O”)l
96 Processes O3 ‘full* with high initial conc.s of NO,, O; and HNO, \ HSO.-
woCloud ‘full* without cloud passages DMOSOZ OH, SO/ 5 ! , O_CSI;E?’O
woAqua ——  ‘full’ without aqueous phase chemistry of DM1.0 I g c . 0, n P SO; B
Gas Phase Phase Aqueous Phase - - : - oot — HC—R—CH, — HsC—ﬁ—C/Hz Oso
Chemistry Transfer Chemistry O O O
37 Reactions 5 Species 54 Reactions Fig. 2: Schematic description of the multiphase chemistry mechanism Fig. 1: Scheme of the aqueous phase mechanism in DM1.0. Stable species are underlayed yellow and species, which undergo phase
MCMv3.2/CAPRAM4.0a+HM2.1 with the DMS module 1.0. transfer are framed blue. The X in the chemical structure describes a chlorine or bromine atom.

Model Results and Discussion

m Multiphase oxidation of DMS

m Main reaction fluxes

Q
N
o
o
O
N
o
o

- In-cloud periods show reduced gas phase oxida- o .9 oH . OH DMS OH, Gl oo, M,
. . . . ~0.15 HyC—S—OH < — H30/8\0H3 G HSC/S\CHs > 4 o . S
tions of DMS and main sink is the ag. phase reac- o L, 0 ~on

I
o
w
o

tion with dissolved O,

|
©
~
(&)}
1

- High gas phase NO, and O, conc.s lower DMS
conc. significantly (run ‘O3’)

|
o
o)
o

-0.75F

- In high NO, regimes, reaction with Cl, act as new
Important nocturnal sink

-0.90

Sink fluxes of DMS / 10° molecules cm™ s

LA

DMSO
5 5 5 (0]
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Model time / hours Model time / hours )
B CH,SCH, + Cl —» CH,SCH,(O,) + HCI- O, Il CH,SCH, + O,., — CH,SOCH,, + O,,, Ml CH,SCH, + Cl — CH,SCH,(O,) + HCI - O, CH,SCH, + BrO — Br + CH,SOCH,
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® / net: CH,SCH, + OH — CH,S(OH)CH, I other aqueous sinks B CH,SCH, + NO, — CH,SCH,(O,) + HNO, - O, Il other gas sinks '
= I / CH,SCH, + BrO — CH,SOCH, + Br B CH.SCH, + OH — CH,SCH,(O,) + H,0- O, M other aqueous sinks MSIA MSIA
° % net: CH,SCH, + OH — CH,S(OH)CH, ﬁ 4. - - - - - - - . o 70
% 1007 % M Fig. 4: Modelled time-resolved sink fluxes of the model run ’full’ (a) and O3’ (b) contributing to the HiC” > OH HSC/”\OH 4 60
g : % destruction (negative) of DMS on the second and third model day in gas and ag. phase. CH, L 50
O:O_ . % SO, _O§é§o )/—bHaq 07 =0 I 40
il = Multiphase chemistry of MSIA and MSA CHs0; Qem O 30
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&) [ 3,aq
P 7 . 4 . . . . T CH,SO,~ >
S 50 % - Distinct diurnal profiles identified * No significant conc. decrease of MSA = ) N 03> 10
%‘ _ _ 3 I O:?:OCH SO, 7.5
: % « Most MSIA produced during daytime by OH * MSA is predominantly formed by aqg.-phase ° \9,2.0\0' \__ 50
© 25} :
s | % - Main sinks of MSIA are the ag.-phase reac- SIS o CH,S0,"\ MSA SA <22
@ % tions with Cl,, dissolved OH and O, - Strong influence of cloud periods, BrO and H* o=g=o Orea  cHy OH.  on, o, HO, ony
0.0 LLoln ; L 2 ) SO; LHQCIJ LOZéZOL 0=S—=0 = —— = )—=§—() =—— O=S=0 —— SO,
24 28 32 36 40 44 48 52 56 60 64 68 72 high NO,/O, conc.s on MSA conc. o 5 o o &

Model time / hours
Y e o Fig. 8: Depiction of mean source and sin_k flluxes (in molecules cm™ .3'1). of the ‘full sgenario run
ol / MS A i = / _ throughout the whole model (fraction of oxidation fluxes > 5%). Arrows indicate the magnitude of the
' 4 mass flux, where the thickness and colour of the arrows is related to the mass fluxes strength.
: Dashed arrows represent phase transfer processes. The blue area highlights aqueous-phase reac-

tions. Stable compounds are shaded yellow and dashed lines represent phase transfer processes.

Fig. 3: Modelled system concentration (conc. in gas
and aqg. phase) of DMS for all sensitivity studies on the
second and third model day.
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m Multiphase chemistry of DMSO

- Modelled conc.s magnitude at sunset are consist-
ent with measurements of 1.8-10° molec cm= (7)

30.0 [

m SO, and MSA conversion yields

o1 The higher the MSA yield

ffffff 7 the lower the SO, yield Table 2: Summary of effective conversion yields of DMS to SO, DMS
; to MSA and MSA to S(VI) for all sensitivity runs.

Sensitivity run  DMS = SO, DMS = MSA MSA — S(VI)
full’ 23.6 % 41.0 % 22 %

24 28 32 36 40 44 48 52 56 60 64 68 72 - Main source of gaseous 03 56.5 % 14.9 % 34.4 %

24 28 32 36 40 44 48 52 56 60 64 68 72 Model time / hours : : ‘wolodine’ 20.5 % 46.9 % 2.5 %
Model time / h -
ocelfime fhours Fig. 7: Modelled system concentration (conc. in gas H,S0, Is not SO, oxida ‘WoHM2’ 30.7 % 29.2 % 3.9 %

o ' ' W/ ' 7 and ag. phase) of MSA for all sensitivity studies on the tion but thermal decay of «yoCloud 32.7 % 30.3 % 0.8 %
ﬁ second and third model day. CH,SQO; (in total 4.3 %) ‘woAqua’ 60.3 % 0.9 % 0.1 %
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Summary and Outlook
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An advanced multiphase DMS chemistry module with totally 162 reactions has been developed and first simulations with the
SPACCIM model have been performed for open ocean conditions. The studies revealed the importance of aqueous phase
: ] chemistry for the DMS oxidation in the marine boundary layer (MBL) including the formation of marine particulate matter. Compared
| | | / | | | to former model studies, we first considered aqueous phase reactions of MSIA and dissociated MSIA with O,, which is shown to be
N L a main sink for MSIA in the aqueous phase triggering the MSA production. Furthermore, the simulations revealed that the
B CH,SOCH, + OH — GH,SO.H + CH,(0,) - O, CH,SO4, + CH,SO, — CH,SO; + CH,SO, conversion of DMS to SO,, sulphate and MSA is strongly influenced by reactive halogen species, the presence of clouds, and high

B CH,SOCH,, + OH,, — CH,SO,H,, + CH, ., I other gas sources

B CH,SO;Hiy OH,SO + Oy — CHuSO:H/CHSO; + O, M other gas sinks background concentrations of NO, and O;. Beyond, it is shown that over the open ocean, the thermal decay of CH,SO,; seems to be

CH,SO, + Cl, — CH,S0O,, + 2 ClI I other aqueous sources
B CH,S0,(0,), + CH;SO, — CH,SO;, + CH,SO,, I other aqueous sinks

CH.SO, + OHy) — 0.9 CH,SO, + 0.9 OH + 0.1 CHy,, + 0.1 HSO; the main source for gas phase HQSO4.
| | | Our study reveals the importance of the halogen-DMS interaction and DMS aqueous phase chemistry on (i) the conversion of DMS
Fig. 6: Modelled system concentration (conc. in gas and into SO, and MSA, (ii) the aging of marine aerosols, (iii) the production of nss-SO,% aerosols, and (iv) the radiative properties of

aq. phase) of MSIA for all sensitivity studies (a) and . . 1 . : . :
modelled fime-resolved source and sink fluxes of the marine clouds and aerosols. Currently applied oxidation mechanisms in chemical transport (CTMs) and global climate models
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model run ’full’ (b) in gas and aq. phase on the second (GCMs) only treat DMS gas-phase chemistry. Thus, the implementation of multiphase DMS chemistry in CTMs and GCMs is
and third model day. strongly needed to avoid high prediction uncertainties of natural radiative forcing. Therefore, further studies will aim at the
development of reduced DMS multiphase chemistry mechanisms/parameterisation for application in regional CTMs and GCMs.
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24 30 36 42 48 54 60 66 72

Model time / hours . ) . .
CH.S(OHNOJCH, — GH.SOCH, + HO, I other gas sources Fig. 5: Modelled system concentration (conc. in gas and aq. Refe rences

CH,SCH, + BrO — CH,SOCH, + Br Bl other gas sinks itivi i
BB CH.SCH., + Oy > CH,SOCH, . + Oy M other aqueous sources phase) of DMSO for all sensitivity studies (a) and modelled

— CHISOCH, - 3 ORGSO % O W other aqueous sinks f[ime-resolved source and sink fluxes of th? model run ‘full’ (b) (1) Barnes, |. et al. (2006) Chem. Rev., 106, 940-975; (2) Charlson, R. J. et al. (1987) Nature, 326, 655-661: (3) Lucas, D. D. and Prinn, R. G. (2002) J. Geophys. Res. - Atmos., 107;
in gas and aq. phase on the second and third model day. (4) Wolke, R.; et al. (2005) Atmos. Environ.; 39, 4375-4388; (5) IUPAC, http://iupac.pole-ether.fr/; (6)Sander, S. P. (2011) JPL Publication 10-6; (7) Nowak, J. B. (2001) Geophys.
Res. Lett., 28, 2201-2204.
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