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𝐻𝐶𝐻𝑂(𝑎𝑞) + 𝐻2𝑂 

𝐻7
⇄ 𝐻𝐶𝐻(𝑂𝐻)2 (7) 

 𝐻𝐶𝐻(𝑂𝐻)2  +  𝐻𝑆𝑂3
−  

𝑘8
→ 𝐻𝑂𝐶𝐻2𝑆𝑂3

− + 𝐻2𝑂 (8) 

 𝐻𝐶𝐻(𝑂𝐻)2  +  𝑆𝑂3
2−  

𝑘9
→ 𝐻𝑂𝐶𝐻2𝑆𝑂3

− + 𝑂𝐻− (9) 
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l = 1 
𝑑𝑛𝑖,1(𝑡)

𝑑𝑡
=  𝑃𝑖,1[𝑛𝑗,1(𝑡)] − 𝐿𝑖,1[𝑛𝑗,1(𝑡)] − 

2𝐾𝑧〈𝑁1〉

𝑧1 + 𝑧2
(

𝑛𝑖,1(𝑡)
𝑁1

−
𝑛𝑖,2(𝑡)

𝑁2

𝑧2 − 𝑧1
) + 𝐸  

(10a) 

https://data.cma.cn/
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l = 2,3 

𝑑𝑛𝑖,𝑙(𝑡)

𝑑𝑡
=  𝑃𝑖,𝑙[𝑛𝑗,𝑙(𝑡)] − 𝐿𝑖,𝑙[𝑛𝑗,𝑙(𝑡)] − 

2𝐾𝑧〈𝑁𝑙〉

𝑧𝑙+1 − 𝑧𝑙−1
(

𝑛𝑖,𝑙(𝑡)
𝑁𝑙

−
𝑛𝑖,𝑙+1(𝑡)

𝑁𝑙+1

𝑧𝑙+1 − 𝑧𝑙
)

− 
2𝐾𝑧〈𝑁𝑙−1〉

𝑧𝑙+1 − 𝑧𝑙−1
(

𝑛𝑖,𝑙(𝑡)
𝑁𝑙

−
𝑛𝑖,𝑙−1(𝑡)

𝑁𝑙−1

𝑧𝑙 − 𝑧𝑙−1
) 

(10b) 

l = 4 

𝑑𝑛𝑖,4(𝑡)

𝑑𝑡
=  𝑃𝑖,4[𝑛𝑗,4(𝑡)] − 𝐿𝑖,4[𝑛𝑗,4(𝑡)] −  

𝐾𝑧〈𝑁4〉

𝑧𝑇 − 
𝑧3 + 𝑧4

2

(

𝑛𝑖,4(𝑡)
𝑁4

−
𝑛𝑖,3(𝑡)

𝑁3

𝑧4 − 𝑧3
)

− 
𝑉𝑒

𝑧𝑇 − 
𝑧3 + 𝑧4

2

(𝑛𝑖,4 − 0) 

(10c) 
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𝑃𝐻𝑀𝑆,𝑙(𝑡) = 𝐿𝑆𝑂2,𝑙(𝑡) = 𝐿𝐻𝐶𝐻𝑂,𝑙(𝑡)

=  

[
 
 
 
 

(

 
 

𝑘5𝐻1𝐻2

(
𝑛𝑆𝑂2,𝑙(𝑡)

𝑁𝑙
)𝑃𝑙

10−(𝑐𝑙𝑜𝑢𝑑 𝑝𝐻)

+ 𝑘6𝐻1𝐻2𝐻3

(
𝑛𝑆𝑂2,𝑙(𝑡)

𝑁𝑙
)𝑃𝑙

(10−(𝑐𝑙𝑜𝑢𝑑 𝑝𝐻))2

)

 
 

𝐻4 (
𝑛𝐻𝐶𝐻𝑂,𝑙(𝑡)

𝑁𝑙
)𝑃𝑙

+ 

(

 
 

𝑘8𝐻1𝐻2

(
𝑛𝑆𝑂2,𝑙(𝑡)

𝑁𝑙
)𝑃𝑙

10−(𝑐𝑙𝑜𝑢𝑑 𝑝𝐻)

+ 𝑘9𝐻1𝐻2𝐻3

(
𝑛𝑆𝑂2,𝑙(𝑡)

𝑁𝑙
)𝑃𝑙

(10−(𝑐𝑙𝑜𝑢𝑑 𝑝𝐻))2

)

 
 

𝐻4𝐻7 (
𝑛𝐻𝐶𝐻𝑂,𝑙(𝑡)

𝑁𝑙
)𝑃𝑙

]
 
 
 
 

𝐶𝐿𝑊𝑙 

(11) 

 𝐿𝐻𝑀𝑆,𝑙(𝑡) = 𝑃𝑆𝑂2,𝑙(𝑡) = 𝑃𝐻𝐶𝐻𝑂,𝑙(𝑡) = 𝑘11𝑘𝑤

(
𝑛𝐻𝑀𝑆,𝑙
𝐶𝐿𝑊𝑙

)

10−(𝑐𝑙𝑜𝑢𝑑 𝑝𝐻) 𝐶𝐿𝑊𝑙  
(12) 
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345 

Abbreviation Description Value Units Reference 

kz Eddy diffusion 

coefficient 
1x105 cm2 s-1 Jacob et al., 1989; 

Roach et al., 1982 

Ve Entrainment 

velocity 
0.5 cm s-1 Jacob et al., 1989; 

Roach et al., 1982 

H1,298 Henry’s law 

constant for 

reaction 1 at 298 K 

1.214x10-3  M hPa-1 Munger et al., 

1983 

∆H1 Enthalpy change 

for reaction 1 
-26.15 kJ mol-1 Munger et al., 

1983 

H2,298 Equilibrium 

constant for 

reaction 2 at 298 K 

1.3x10-2 M  Munger et al., 

1983 

∆H2 Enthalpy change 

for reaction 2 
-17.41 kJ mol-1 Munger et al., 

1983 

H3,298 Equilibrium 

constant for 

reaction 3 at 298 K 

6.6x10-8 M  Smith and Martell, 

1976; Seinfeld and 

Pandis, 2006 

∆H3 Enthalpy change 

for reaction 3 
-9.33 kJ mol-1 Munger et al., 

1983 

H4,298 Henry’s law 

constant for 

reaction 4 at 298 K 

2.5  M hPa-1 Munger et al., 

1983 
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∆H4 Enthalpy change 

for reaction 4 
-53.56 kJ mol-1 Munger et al., 

1983 

H7,298 Equilibrium 

constant for 

reaction 7 at 298 K 

2.53e3 M  Seinfeld and 

Pandis, 2006 

∆H7 Enthalpy change 

for reaction 7 
-33.39 kJ mol-1 Seinfeld and 

Pandis, 2006 

K5,298 Rate constant at 

298 K for reaction 

5 

7.9x102 M-1 s-1 Boyce and 

Hoffman, 1984; 

Seinfeld and 

Pandis, 2006  

-E5/R Activation energy 

for reaction 5 

divided by ideal 

gas constant  

-4900 K Boyce and 

Hoffman, 1984; 

Seinfeld and 

Pandis, 2006  

K6f,298 Rate constant at 

298 K for reaction 

6 (forward) 

2.5x107 M-1 s-1 Boyce and 

Hoffman, 1984; 

Seinfeld and 

Pandis, 2006  

-E6f/R Activation energy 

for reaction 6 

(forward) divided 

by ideal gas 

constant  

-1800 K Boyce and 

Hoffman, 1984; 

Seinfeld and 

Pandis, 2006  

K6r,298 Rate constant at 

298 K for 6 

(reverse) 

8.5x103 M-1 s-1 Deister et al., 1986 
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-E6r/R Activation energy 

for reaction 6 

(reverse) divided 

by ideal gas 

constant  

-4500 K Munger et al., 

1986; Seinfeld and 

Pandis, 2006  

K8,298 Rate constant at 

298 K for reaction 

8 

0.48 M-1 s-1 Kovacs et al., 2006 

-E8/R Activation energy 

for reaction 8 

divided by ideal 

gas constant  

-4900 K Boyce and 

Hoffman, 1984; 

Seinfeld and 

Pandis, 2006  

K9,298 Rate constant at 

298 K for reaction 

9 

2.5 M-1 s-1 Kovacs et al., 2006 

-E9/R Activation energy 

for reaction 9 

divided by ideal 

gas constant  

-1800 K Boyce and 

Hoffman, 1984; 

Seinfeld and 

Pandis, 2006  

Kw,298 Equilibrium 

constant for water 

self-ionization at 

298 K 

1x10-14 M2 Smith and Martell, 

1976; Seinfeld and 

Pandis, 2006  

∆Hw Enthalpy change 

for water self-

ionization 

-55.86 Kcal mol-1 Smith and Martell, 

1976; Seinfeld and 

Pandis, 2006  
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https://doi.org/10.1029/2011JD016773
https://doi.org/10.1029/2008JD010486
https://doi.org/10.1021/es4048472
https://doi.org/10.5194/acp-9-3825-2009
https://doi.org/10.1126/sciadv.1601530
https://doi.org/10.1016/j.atmosenv.2015.12.035
https://doi.org/10.1021/j100405a033
https://doi.org/10.5194/acp-10-3999-2010
https://doi.org/10.5194/acp-7-4639-2007
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https://doi.org/10.1175/JCLI-D-16-0758.1
https://doi.org/10.1038/s41598-017-11704-0
https://doi.org/10.1126/science.1230911
https://doi.org/10.1029/JD091iD09p09807
https://doi.org/10.1029/JD094iD10p12975
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https://doi.org/10.1002/2017GL073210
https://doi.org/10.1109/TGRS.2011.2144601
https://doi.org/10.1029/JC088iC09p05109
https://doi.org/10.1016/0004-6981(86)90318-5
https://doi.org/10.1029/2003JD004473
https://doi.org/10.1016/j.atmosenv.2014.01.058
https://doi.org/10.1016/j.atmosenv.2015.06.050
https://doi.org/10.1002/qj.49710845507
https://doi.org/10.1137/S1064827594276424
https://www.springer.com/us/book/9781475755084
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