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Table 1 The initial mixing ratio of some species in five scenario (ppbv)

Lk B B Mg 5 EBEIER) 9 i ME KM SR EBER

0 20 30 40 60 80 PAR 0 3.1 9.8 177.9  593.1
H,0, 1 1 1 1 1 OLE ] 0.56 0.3 13.2 4
NO 0.075  0.75 1.5 10 100 ETH 0 0.19 0.6 11.6  38.5
NO, 0.025 0.25 0.5 1 10 TOL ] 0.03%  0.53 6 19.9
S0, 0.6 0.6 2 5 10 XYL 0 0 0.075 3.2 10.5
DMS 0.4 004 004 0.04 004 S0P ] 0 0.24 0.5 2
HCHO 0.2 1.8 0.2 8.3 21.5 co 80 100 120 150 300
ALD2 0 0 0.083 11.7 39 CH, 1700 1700 1700 1700 1700
CH, 0 1.9 1.58  9.08  30.3
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Table 2 The maximum absolute normalized sensitivity coefficients (with sign)
of DMS with respect to rate constants

i g fifi 42 B R

RRE REE RIGHE RES REE RS REE REiS RYE
R82 -0.425 R82 - 0.666 R82 -0.641 R82 -0.154 R26 0.124
R9 -0.298 Rl -0.384 R26 0.345 R43 0.095 R38 -0.113
R10 0.263 R26 0.322 Rl -0.321 R9 -0.064 R82 ~-0.086
R11 -0.263 R9 -0.300 R9 ~-0.317 R85 -0.061 Rl -0.069
R1l6 0.224 R3 0.271 R10 0.280 Ri0 0.056 R43 0.062
R36 0.199 R10 0.265 R11 -0.280 Ril -0.056 R7 ~-0.052
R85 ~0.168 R11 -0.265 R85 -0.254 R38 -0.052 R83 -0.052
R1 ~-0.163 R85 -0.264 R3 0.246 Rl -0.037 RIS 0.051
R28 -0.132 R28 -0.177 R28 -0.143 R26 0.035 R45 -0.044
R3 0.100 R116 0.153 RS2 0.138 R83 -0.035 R46 -0.041
R26 0.079 R36 0.152 R36 0.103 R47 0.033 R47 0.041
R34 ~0.050 R43 0.086 R116 0.085 R3 0.031 R2 0.037
R33 0.033 R47 0.079 R47 0.074 R46 -0.030 R9 -0.037
R32 0.031 R46 -0.067 R43 0.071 R7 -0.029 R84 -0.035
R37 0.031 R52 0.066 R46 -0.065 R52 0.022 R85 -0.034
R13 -0.027 R37 0.055 R63 0.054 R15 0.021 R3 0.034
R118 0.025 R33 0.046 R33 0.035 R69 0.019 R10 0.033
R35 0.024 R32 0.043 R4 -0.034 R63 0.018 Rl11 -0.033
R117 -0.024 R38 -0.038 R53 0.034 R57 0.018 R57 -0.030
RI12 0.015 RS7 0.032 R32 0.034 R28 -0.017 R39 0.030
R122 0.012 R34 -0.031 R37 0.031 Rd5 -0.017 R69 -0.019
R38 -0.010 R118 0.028 R38 -0.028 R67 0.016 R61 -0.016
R115 0.008 R48 -0.028 R48 -0.026 R74 -0.009 R74 -0.015
R39 -0.007 R117 -0.028 R13 -0.024 R48 -0.009 R48 -0.010
R83 -0.003 R13 -0.026 R34 -0.024 R39 0.008 R64 -0.010
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Fig. 1 The variation of DMS mixing ratio with time
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Fig. 2 The variation of DMS sensitivity coefficients with time in the ocean scenario
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Table 3 The maximum absolute normalized sensitivity coefficients (with sign) of SO, with respect to rate constants

BT i3 fiti 3 153 'SR
RS REE RNE REHE e REE RRiE REE REE REE
R115 -0.124 R115 -0.194 R115 -0.188 R115 -0.046 R115 -0.026
R9 -0.055 Rl -0.073 R26 0.069 R43 0.019 R26 0.017
R10 0.048 R26 0.059 R1 -0.068 R9 -0.013 R38 -0.015
R11 -0.048 R9 -0.056 R9 - 0.066 R1 -0.013 Rl -0.010
R116 0.041 R3 0.052 R10 0.058 R10 0.012 R43 0.010
R36 0.036 R10 0.050 R11 -0.058 R11 -0.012 R3 0.009
R1 -0.028 R11 -0.050 R3 0.052 R3 0.011 R9 -0.006
R28 -0.024 R28 -0.032 R28 -0.029 R38 -0.010 R45 -0.006
R3 0.017 R116 0.029 R52 0.028 R26 0.007 R10 0.005
R82 0.016 R36 0.028 R36 0.022 R47 0.006 R11 -0.005
R26 0.014 R82 0.018 R116 0.018 R46 -0.006 R46 -0.005
R34 -0.009 R43 0.016 R47 0.014 R52 0.005 R47 0.005
R33 0.006 R47 0.014 R43 0.014 RS57 0.004 R39 0.004
R32 0.006 R46 -0.012 R46 -0.013 R28 -0.004 R69 -0.002
R37 0.006 R52 0.012 R63 0.010 R45 -0.003 R74 -0.002
R118 0.005 R37 0.010 R33 0.007 R69 0.003 R58 -0.002
R13 -0.005 R33 0.009 R32 0.007 R63 0.003 R52 0.002
R117 -0.005 R32 0.008 R54 -0.007 R7 0.002 R48 -0.001
R35 0.004 R38 -0.007 R53 0.007 R74 -0.002 R64 -0.001
RI2 0.003 R34 -0.006 R37 0.006 R39 0.002 R65 0.001
R122 0.002 R57 0.006 R38 -0.006 R48 -0.002 R61 -0.001
R86 0.002 R118 0.005 R82 0.005 R37 0.001 R37 0.001
R38 -0.002 R117 -0.005 R48 -0.005 R58 -0.001 R57 -0.001
R88 -0.002 R48 -0.005 R13 -0.005 R15 -0.001 R2 0.001
R97 0.001 R13 -0.005 R34 -0.005 R67 0.001 R71 0.000

3 ZhE
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BRNZ: OHWERERRNL, LR AL, BHIEXPIER M #1TH FER N K& NO, %
RIBAE T R BB .
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CHEMICAL COUPLING OF OXIDATION OF
DIMETHYL SULFIDE IN THE ATMOSPHERE

Shen Ji
(Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing, 100085)

ABSTRACT
The mechanism of oxidation of DMS and SO, and its chemical coupling has heen studied with

sensitivity analysis under a broad range of atmospheric conditions from remote ocean to heavily pol-

luted area. The most important pathway for oxidation of DMS and S0, is the subtraction reaction of
DMS with OH and oxidation SO, with OH. But the Chemical coupling plays and essential role in the

oxidation. The important chemical coupling reactions are the production and destruction reactions of

OH and the NO, photo-initiation reactions.

Keywords: dimethy sulfide, sulfur dioxide, chemical coupling, sensitivity analysis.
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Atmospheric chemical reaction mechanism'®) (rate constant, cm’ *molecule ™! s~ !, photolysis rate constant, s~')

Fg RELAER HEEEK
THLR BE
Rl NG, + hv —>NO + O(’P) 9.39x 107}
R2 OC’P)(+ 0, + M)—=0y( + M) 8.26 x 10
R3 0;+ NO—*NO, + 0, 1.55%x 10"
R4 0(°P) + NO,—>NO+ 0, 9.30x 10"
R5 OC’P) + NO,( + M)—>NO;( + M) 1.74x 10"
R6 OC*P) + NO( + M)—>NO,{ + M) 1.78x10-12
R7 05 + NO,—>NO; + 0, 2.44%107"
R8 03+ b —>00CP) + 0, 5.68x10*
R9 0+ v —0('D) + 0, 2.53x 1073
R10 o('D)( + M)—0CP)(+ M) 4.61 x 10
R11 0('D) + HLO—=20H 2.20x 107
R12 0y + OH—HO0, + 0, 6.13x10°"
R13 0, + HO, —O0H + 20, 1.87x10°1
R4 NO, + b —0.11NO + 0.89NO, + 0.89 O(°P) 3.09x10°?
RIS NO, + NO—>2NG, 3.10x 107"
R16 NO; + NO, —>NO + NO, + 0, 3.50x 101
R17 NO; + NO,( + M)——>N,05( + M) 1.29x10° 1
RIS N,O5 + H,0 —>2HNOQ, 1.30x 10-%
R19 N,05( + M)—>NO, + NOy( + M) 1.32x 1072
R20 NO + NO( + 0, )—*2NO, 1.13x10°9
R21 NO + NO, + H,0 —>2HONO 4,40%107%
R22 NO + OH( + M)—HONO( + M) 7.38%x 10712
R23 HONO + hv —>NO + OH 1.93x10°3
R24 HONO + OH—>NO, + H,0 6.60% 10~ 12
R25 HONO + HONO —>NO + NO, + H,0 1.00x10°%
R26 NO, + OH( + M)——HNO,{ + M) 1.19x10°"
R27 OH + HNO;( + M)—>NO, + H,0( + M) 1.64x10° 1
R28 NO + HO, —*NQ, + OH 8.51x10°12
R29 NO, + HO,( + M)——HO,NO,( + M) 1.61x10°12
R30 HO,NO,( + M)—>HO, + NO,( + M) 2.67x10°2
R31 HO,NO, + OH—=NO, + H,0 + 0, 4.86x10°"2
R32 HO, + HO, —H,0, + 0, 3.19%x 10712
R33 HO, + HO, + H,0—>H,0, + 0, + H,0 1.21x10°%
R34 H,0; + hv —*20H 8.96x10°¢
R35 H,0, + OH—HO0, + H,0 1.62x 10712
R36 CO + OH( + 0,)—>HO, + CO, 2.20x10°1
B8 i
R37 HCHO + OH( + 0,)—*>H0, + CO + H,0 1.00x 107!
R38 HCHO + hw( +20,)—>2HO, + CO 1.62x 1073
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F5 RN ABX HEHE W
R39 HCHO+ hv —>CO 6.20x 1073
R40  HCHO + O(°P)——0H + HO, + CO 1.38x 107"
R4]  HCHO+ NOs{ + 0,)—>CO + HNO; + HO, 6.30x 1016
RO TRMOBE RN
R42  ALD2+ OCP)(+0,)—C0; + OH 3.92x10° "
R43  ALD2 + OH—>G,0, 1.67x10°1
R44  ALD2 + NG, ( + 0,)—>C,05 + HNO; 2.50x 107"
R45 ALDZ2 + by —>CH,0, + HO, + CO 3.55x 1076
R46 (05 + NO( + 0,)—>CH;0, + NO, 1.29x 1071
R47  G,0; + NO,—>PAN 1.56x 10" !
R48 PAN—>C,0, + NO, 7.46 x 103
R49 G053+ G0, —>2CH;0, + O, 2.00x 1012
RS0 G0, + HO, —>0.79CH,0, + 0.790H 6.50x 10~ 12
Be ke R R
Rs1  CHg+ OH—>ETHP 2.4 %1078
R52 PAR+ OH—>0.87X0, + 0.13XO0,N + 0. 11HO, + 0. 11ALD2 + 0.76ROR - 0. 11PAR 8.10x 107"
RS3 ROR—1.1ALD2 + 0.96X0, + 0.94HO, + 0.04X0,N + 0.02ROR - 2. 1PAR 8.76 x 107
R54 ROR—HO, 1.60x 10°
R5S  ROR + NO, —>NITRATES 1.50% 1071
42 BB
RS6 OLE+ O(’P)—>0.63ALD2 + 0.38HO, + 0.28X0, + 0.3CO + 0.2HCHO + 0.02XO,N + 0.22PAR  3.90x 10~
+0.20H
R57 OLE+ OH~—>CH;0, + ALD2 - PAR 2.99x10° "
RS8 OLE + 0, —=>0.5ALD2 + 0.524HCHO + 0.33CO + 0.228HO; + 0. 10H + 0.216CH,0, - PAR 9.41x10" "
R59 OLE + NO; —*0.91X0, + HCHO + ALD2 + 0.09XO,N + NO, - PAR 7.70x10°%
R60  ETH + O(*P)—>0.3HCHO + 0.7CH;0, + CO + HO, + 0.30H 6.40x 10" 7
R61 ETH+ OH—>XO0, + 1.56HCHO + HO, + 0.22ALD2 8.33x 1072
R62 ETH + 0, —>HCHO +0.42C0 + 0.12HO, 1.40x 10"
¥5 ¥ K RE
R63 TOL+ OH—>0.08X0, + 0.36CRES + 0.44HO, + 0.56T0, 6.42x10°12
R64 TO, + NO—>0.9NO, + 0.90PEN + 0.9HO, 8.10x10°1
R65 TO,—>CRES 4.20
R66 CRES+ OH—>0.4CRO +0.6X0, + 0.6HO, + 0.30PEN 4.10x10°"
R67 CRES+ NO,—>CRO + HNO, 2.20x 10"
R68  CRO+ NO, —NITRATES 1.40x 107"
R69 XYL+ OH —=0.70H + 0.5X0, + 0.2CRES + 0.8MGLY + 1.1PAR +0.3TO, 2.54%x10°"
RI0  OPEN+ OH—>X0, + C,0; + 2HO, + 2CO + HCHO 3.00x 107"
R7l  OPEN+ bv —>(,0, + CO+ HO, 1.78x 1074
R72  OPEN + 0; —0.03ALD2 + 0.62C,05 + 0.7HCHO + 0.03X0;, + 0.69CO + 0.080H + 0.76HO, 9.52x10" %

+0.2MGLY
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R73  MGLY + OH—>X0, + G0, 1.706x 10~ 1
R74 MGLY + v —>C,0, + CO + HO, 1.78x 1074
R 45 R
R75  ISOP + O(°P)—=0.6HO, + 0.8ALD2 + 0. 550LE + 0.5X0, + 0.5CO + 0.45ETH + 0.9PAR 1.80x 107"
R76  ISOP + OH—~HCHO + X0, + 0.67HO, + 0.4MGLY + 0.2C,05 + ETH + 0.2ALD2 +0.13X0,N 9.60x 107"
R77  ISOP + O; ——=HCHO + 0.4ALD2 + 0.55ETH + 0.2MGLY + 0.06CO + 0. 1PAR + 0.44HO;, +0.10H  1.20x 10" "
R78  ISOP + NO, —>XO,N + NITRATES 3.20x 1072
XY
R79 X0, + NO—>NO, 8.10x 10"
RS0 X0, + X0, —*products 1.55x107 "
R81 XO,N+ NO-—=NITRATES 6.80x 10"
DMS & hi

R82  CH,SCH; + OH—>CH,SCH,00 4.28x 10712
R83  CH;SCH; + NO; > CH;SCH,00 + HNO, 7.94x 10~
R84  CH,SCH, + O(°P)—>CH:SO, + CH;0, 1.08x10°1
R85  CH,;SCH; + OH—=0.0277CH;S0, + 0.0277CH; 0, + 0.923CH,S(0) CH; + 0.923HO, 1.70x 1072
R86 CH;SCH,00 + NO—>CH;50, + HCHO + NO, 8.00x 10712
R87  CH,SCH,00 + CH;0, —>CH,80; + CH;0 + HCHO 1.80x 101
R88  CH,SCH,00 + HO, —— CH,;SCH, 00H 1.50x 10"
R89  CH,S(0)CH; + OH——>0.681CH;SO,H + 0.681CH;0; + 0.319CH,S(0),CH; + 0.319HO, 5.80% 10~
RSO  CH;S(0),CH, + OH—=CH,5(0),00 + H,0 1.00x10°"
R91  CH,;S(0),CH,00 + NO—CH;S0; + HCHO + NO, 5.20x 10"
R92 CH;$(0),CH,00 + CH;0, —>CH,S0, + HCHO + CH,0 1.80x 107"
R93  CH,;S(0),CH,00 + HO, —*CH,S(0),CH,00H + O, 1.50x 10°"2
R94 CH;SO,H + HO, —CH,S0, + H,0, 1.00x 1071
R95  CH;SO,H + NO; —CH,S0, + HNO, 1.00x 10"
R96 CH,;SO,H + CH;0, —>CH;S0, + CH,00H 1.00x10°1
R97 CH;SOH+ OH—>CH,50, 1.60x 10~ "
R98  CH,SO.H + CH;S0, — CH,S0, + CH3SO,H 1.00x 101
R99  CH3SO,( + O + M)—>50, + CHy0,( + M) 4.07
RIO0 CH,S0, + NO, —>CH;S0; + NO 1.00x 107"
RI101  CH;S0; + 0; —CH,S0, 1.00x 10"
RI02 CH,SO, + HO,—>CH,S0; + OH 2.50% 10"
R103  CH;SO, + CH,0, —>CH,S0; + CH;0 + O, 2.50x 10" "
RI04 CH;SO, + OH-—+CH;S0,H 5.00% 10"
RI0S  CH3SO, + O,( + M)—CH;S(0),00( + M) 2.60x 10"
R106 CH;S(0),00( + M)—>CH,S0, + 0,( + M) 3.30
R107 CH,;S(0),00 + NO——CH,SO; + NO, 1.00x10°"
R108 CH;S(0),00 + CH;0, —>CH;S0, + CH;0 + O, 5.50x 10~
R109 CH,;S(0),00 + HO, —>CH,S(0),00H + 0, 2.00x10°"?
R110 CH;S05( + M)—>H,S0, + CH;0, 1.60% 10"
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R111  CH;S0; + NO, —>CH,S0,H + HNO, 3.00x 1015
Ri12  CH,S0, + NO—CH,;SO;H + HONO 3.00x10°%
R113  CH;04 + HO, —>CH,;SO;H 5.00x10°"
R114  CH;S0; + HCHO( + 0,)—>CH,;S03H + HO, + CO 1.60x 1071
R115 SO, + OH( + M)——H,S0, + HO, 1.27x107 1%

B 5% I IL

R116 CH,+ OH( + 0,)—CH,;0, + H,0 6.79%x0° 15
R117  CH;0, + NO—=HCHO + HO, + NO, 7.84x10°12
RI18  CH,0, + HO,—CH,00H 7.01x107 12
R119  CH;0, + CH;0, —1.5HCHO + HO, 4.08x10°1
R120 CH,0, + C,0, —>HCHO + 0.5HO0, + 0.5CH,0, + CH;00H 2.06x 1072
R121  CH,00H+ hv —>HCHO + HO, + OH 6.77x10°°
R122  CH,00H + OH—>0.5CH;0; + 0.5HCHO + 0.50H 1.00x 10°"
R123  ETHP + NO—ALD2 + HO, + NO, 7.84x 1072
Ri24  ETHP + HO, — products 7.01x10°1
R125 ETHP + C;0; —>ALD2 + 0.5HO; + 0.5CH;0, + 0.5CH; COOH 7.30x 1078




