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Shen Mechanism

Background DMS oxidation Is complex, but important

Experiment Arsene2001 Albu2008 :i§0$2 :iio,;: Jernigan2022 ) Based on MCM v3.3.1 with the
. . o . ®0 OCS Master Chemical addition of Hoffmann2016
Around 28 TgS of dimethyl sulfide (DMS) is emitted annually from phytoplankton, making JSO 2- &0 Temp (K) 295 290 295 295 298 - _ _ -
: : : : ,S0, OH Mechanism (MCM) reactions, along with the addition
DMS the most abundant biological sulfur compound emitted. The DMS in the -3 HPMTE / Chamber (m3) 1.08 0.37 7.5 7.5 0.6 i :
- hare na s I i o e e e MSAQ ‘,\\ P - _ . - _ Near explicit mechanism of the HPMTF pathway and
atmosphere reacts to 10 a variety o Irrere compounas, some or wnich initiate ciou 9 — ’DMSO >e ﬁ*y%scb OH Source H,O, photolysis H,0, photolysis HONO photolysis H,0O, photolysis TME ozonolysis - 17,000 reactions formation of CH;SOH
formation, making them important for rain and the radiative balance of the planet. )dj’OJ ] b Avg. OH (cm™) 1.6x108 2.5x107 8.2x108 1.5x106 1.3x106 In the DMS mechanism: _ 25 sulfur reactions added
)NO ﬁsomefisation Avg. RO, (cmd) 3.4x1010 2.0x10" 2.0x107 4.0x108 1.8x10° g% zﬂ:IEE ?Saecctlieosns - 5 sulfur reactions adjusted
Additionally, due to DMS naturally occurring above oceans, an oxidation product of DMS, DMSO® ] CH SCHzQO DMS (ppb) 7000 15000 72.8 82 10 - 19 non-sulfur reactions
‘ “¢. _NO/RO
methanesulfonic acid (MSA), has been used to determine sea ice extent in ice Ji,).;g),J-\HOQQMS’S)z ‘5 0..\2 e o oW NO (ppb) 1070 ) 50 ) ) adjusted, added or removed
. . . . — J O & 2-
cores up to 300 years in the past. However, due to gaps in the oxidation pathway of DMS, /)H ,:‘Q 0, O SH/NG = ¢ SO; SO, NO, (ppb) £05 ) 30 ) ) : M h -
there are large uncertainties in the modelling of MSA formation. MS|AQ\),.»J OH™> () O i MSA @3 j‘y H,0, (ppb) p— e ) e ) jernlgan ecnanism
= 4 ~QH. jQ/ DS 4 « YMTF 22 (PP Based on MCM v3.3.1 along with a
e . . _ ¢ %802 > 20 DMS, Oy HONO (ppb) : - 90 - : Ye Mechanism (simplified) HPMTF pathway
By comparing different experiments and mechanisms to each other, this study allows an ¥ MSIA :
evaluation of the mechanisms in different conditions, and an assessment of the 0s (PPD - - - _ = S Ol Sy e et RS e
_ : _ ; . — _— : VOC photolysis?  Yes (320-480nm) No Yes (300-400 nm)  Yes (300-400nm) No addition of the HPMTF pathway - 4 reactions adjusted
gaps in the chemical mechanisms. e ) - o m“’ Fr— 05 05 ) c 2 - 12 sulfur reactions added - 2 non-sulfur reactions
g p DMSaq ‘\’A‘ﬁ . " \ added
J S ight | - ‘
potlig [he Jernigan =

Overview The mechanisms all | Spotlight Less DMSO is
deviate from the experiments formed by the Shen mechanism

mechanism models OCS the best

Time dependent formation of OCS in the 200{ ®e [o o0 ® 110

S oo
Fractional Gross Error — E ‘ T Ideal = 0 where: B Time dependent formation of DMSO in the 5 0401 ] 1.00{ ee - experiments, and how they are modelled: & 175 0.9/ e
i o x A 150‘ o
Wk = (M’L')Oﬁign — Modelled values L expenments’ and how they are modelled: ou) 0.8 - ¥ 0.98 1 .:0 oo 43 - - Jernigan == Ye o = 0.81
: | ) M; -0, Ideal = 0 4 - S 0.96 1 ¢ eI © 1.251 o o
Normalised Mean Bias — = M@—l_OrL O = (OZ)OS’LSn = QObserved values b T, L 0.6 - . oo E o ’):a —— Experiment g 1.00 - = 0.7 - o °
' — — LT =G O e=aail TS .0201 : O d
Z Y(0,-D)(a,—31) - kel s Boal, o° fo02| B . |Jemioan2022 £ 0.75- o [HTE
@ o o 3 e (S | d
Correlation — CO;(?T i) : - Ideal = 1 ' S Arsene2001 5 0.2- ‘.' oo ° 0.90- 50_010_ i 0501 o | 057 | o
- \/Z (O O) \/Z (M M) £ o & = ' : . ' ' Qg - ; ' ' e c 0.005 ~1 Qa“lOfLP\\‘O“’lOO e(\elg()\ a(\lgll ‘00100% e’loox
S 54 | W R e O AR S : o e e a pes®
o | & 4 a8 ol e s 0.000 e A \
c2.0]eem 0 & ——e®- > W oWy S ol . . . . . S5 & T L 55 & il ' ' ' ' ' © o ¢
= ‘ ® e = 0 20 25 -é’» < & ézj é’» < e égJ 0 5 . 10 15 20 m —0.5
o o @0 ¢ Time (min < 2 < S O Time (hr) = :
wn 1.5 C ( ) 2\ A\ —~ 0.08 o Mechanism
0w ® o O 0.5- 5 92 Tjernigan2022 € 0.6 [Albu2008 " | 9 |Arsene2(01 i s —1.01 ® Jernigan
8 4(-6 \8;-0 . I,,-r—.:--u- = - §0.4_ g - ® ® echanism o 0.06 1 g_ 8 o : ihen
= 1.0 ® : ® @ 0.0 ® o ‘// ...................... g 021 A, % e © . : Jsehrgllqgan §0.04_ 8— % o .
M ®) (@)
g ¢ @ O O 0.01= . . . 1 S o.0L , . . . . %) 0.0 P PRSP ° ® Ye i = (.07 S £
= 0.5 o . |8 & 4 g B ip 18 o0 0 5 10 15 20 25 o ° ® McM & O S 59 e o ® o .o
O b 4 —0.51 Time (hr) Time (min) & o = 0.001, R . . . ' = ' ' "
© o® 2 _ 0k ° Jernigan2022 Albu2008 Arsene2001
o = 2TNa3003 1 5 10a3055 5 < —0.5 °o oo 0 10 20 0 10 20 :
L 00 _ 1 | . Mechanism a e/,i’f; 8 € €Xp. <a = Time (min) Time (min) Experiment
Jernigan = ———— = T e - . . n
&S §§’”09’” & 55\;@% S &S §§”§” & §r§§% S S |e sen 30 // ........................ b //"""ﬁ 2 -101 - ; e What are causing the differences in the mechanisms?
S Q & R Q yo e S |k S /M 202 200 o L X 200
b : $ . - I oo S D = S i ernio2® MOV 0022 & T (9022 & een® OCS is formed through the reaction of HPMTF with OH radicals. As the MCM does not include the HPMTF
o 5 ' " Time (hr) ' Time (hr) Experiment pathway, it does not have a way to produce OCS (hence no correlation). The other mechanisms include e
” 2 - Experiment OCS formation, but each uses different rate constants, and Jernigan uses different branching ratios.
x  Arsene2001 = = = = -
e . - . Yerons exp. 1 What is causing the differences in the mechanisms?
cC P * Ye2022 exp. 2a 5 st e : . : ; : )
O : ° ° o4 L lermioan2022 DMSO comes from OH addition to DMS. The initial OH addition reaction to CH3SCH-O0, is reversible, however, the Shen Mechanism: Jernigan Mechanism:
= ° 00 ® ° ® ® o| @ Averace addition of oxygen to CH3;SCH,0, to form HODMSO, is irreversible. The Shen mechanism includes these two HPMTF + OH -» HOOCH,SCO k=1.4x1012 HPMTF + OH - OCS k =1.4x101*0.14
okl e 0 i Y . ." o ".. ' " ® ® ¢ addition reactions separately, whereas the other mechanisms combine them into one reaction. Although both HOOCH,SCO -» HOOCH,S + CO ke oeien Rl O HPMTF + OH - SO, + CO k =1.4x101*0.86
? L o @ @ methods are correct (with the Shen mechanism being more explicit), the Shen mechanism uses the HOOCH,SCO —» OH + HCHO + OCS ke o=t
e g e combined rate constant for the initial OH + DMS addition reaction instead of the recommended rate Ye Mechanicm:
‘2 ., oo o constant for that reaction. This rate constant lowers the amount of DMSO formed from the Shen mechanism. HPMTF + OH —» HOOCH,SCO k= 1x1011
! i : ' ' : : ! : : : . i ; -~ HOOCH,SCO -» HOOCH,S + CO Koggk = 1.7%10°
HPMTF ~ OCS  DMSO DMSO, SO, MTF MSIA MSA  MSPN SA CH3SCH,OOH . MCM, Jernigan and Ye Mechanisms: Shen Mechanism: :
Prodlict g = 0 5 i HOOCH,SCO -» OH + HCHO + OCS Krggk = 1.2%10
roauc = DMS + OH - CH3SCH,0, Kyogk = 4.8%10 DMS + OH - CH3SCH,0, Kyggk = 4.8%10 -]
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The mechanisms deviate from each other, and the experiments; more work is needed to improve these == HODMSO, + NO - DMSO, + HO; + NO; Kaggx = 9.0x10"*  CH3SOHCH;3; —» DMS + OH Ka0g x = 2.3%10° | | | _
mechanisms. HODMSO, -» DMSO + HO, Kygg k = 140 CH3;SOHCH; » CH3SOH + CH50, k =5.0x10° The three mechanisms have different rate constants for the reaction of HPMTF with OH (1.4x10712-1.4x10!! cm?3
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boxes, however more compounds can be explored. ' along with the higher rate constant, seems to fit OCS production better across the experiments.

- Focusing on where the mechanisms underperform (such as for MSA, MSPN and SA) allows an exploratlon of
reactions that may be missing, or have inaccurate rate constants.
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