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Table S1. Abbreviations listed in the chemical mechanism tables below.

Species number Abbreviation Species name

1 GLYC Glycolaldehyde

2 GLYX Glyoxal

3 MGLY Methylglyoxal

4 GLYAC Glyoxylic acid

5 OXLAC Oxalic acid

6 PRV Pyruvic acid

7 GLYX MH Glyoxal monohydrate

8 GLYX DH Glyoxal dihydrate

9 MGLY_ MH Methylglyoxal monohydrate
10 MGLY DH Methylglyoxal dihydrate

11 GLYOLI Oligomers from glyoxal

12 MGLOLI Oligomers from methylglyoxal
13 C4D C,4 dimer

14 TA Tartaric acid

15 C3D C; dimer

16 MA Malonic acid




Table S2. Non-organic chemistry used in the model.

Reaction Aqueous phase Reactions Kaos (M"S™) E/R | References
Number (K)
1 H,0,+hv=>20H Using the gas phase Barth et al.
photolysis rate, increased (2003)
by a factor of 1.5
2 H,0,+OH=>HO,+H,0 2.7E+07 Lim et al.
(2005)
3 H,0,+HO,=>0H+H,0 3.7E+00 Tan et al.
(2009)
4 HO,+HO,=>H,0,+0, 9.7E+05 2500 | Lim et al.
(2005)
5 OH+HO,=>H,0 + O, 7.1E+09 Lim et al.
(2005)
6 O; + hv => H,0; Using the gas phase Barth et al.
photolysis rate, increased (2003)
by a factor of 1.5
7 OH + O3 => HO, 2.0E+09 Pandis and
Seinfeld
(1989)
8 HO, + O; => OH 1.0E+04 Pandis and
Seinfeld
(1989)
9 O, + O3;=>0H + OH" 1.5E+09 1500 | Pandis and
Seinfeld
(1989)
10 OH + O3 => 02"+ HO, 7.0E+01 Pandis and
Seinfeld
(1989)
11 HO, + O3 => OH +0Oy 2.8E+06 Pandis and
Seinfeld
(1989)
12 NO +NO,=>2NO, +2H" | 2.0E+08 1500 | Pandis and
Seinfeld

(1989)




13 NO, + NO, => NO; + NO5;~ | 1.0E+08 1500 | Pandis and
+2H" Seinfeld
(1989)
14 NO + OH =>NO, +H" 2.0E+10 1500 | Pandis and
Seinfeld
(1989)
15 NO, + OH =>NO; + H" 1.3E+09 1500 | Pandis and
Seinfeld
(1989)
16 HONO + hv =>NO + OH Using the gas phase Pandis and
photolysis rate, increased Seinfeld
by a factor of 1.5 (1989)
17 HNO; + hv =>NO + OH Using the gas phase Barth et al.
photolysis rate, increased (2003)
by a factor of 1.5
18 HONO+ OH => NO, 1.0E+09 1500 | Pandis and
Seinfeld
(1989)
19 NO; + OH => NO, +OH" 1.0E+10 1500 | Pandis and
Seinfeld
(1989)
20 NO; + O3 =>NOy 5.0E+05 6950 | Pandis and
Seinfeld
(1989)
21 NO, + CO5 =>NO,+ CO;” | 4.0E+05 0. Pandis and
Seinfeld
(1989)
22 NO; + NO3; => NO; +NO5 1.2E+09 1500 | Pandis and
Seinfeld
(1989)
23 NO; +hv=>NO, + OH+ | Using the same as gas- Barth et al.
OH" phase HNO3 photolysis, (2003)
increased a factor of 1.5
24 NO; + hv=>NO Using the gas phase Barth et al.
photolysis rate, increased (2003)
by a factor of 1.5
25 NO; + HO, =>NO; + H" 1.2E+09 1500 | Jacob (1989)
26 NO; + Oy => NO5 1.0E+09 1500 | Jacob (1989)




27

NO; + H,0, => NO; + HO,
+H'

1.0E+06

2800

Pandis and
Seinfeld
(1989)

28

HO,+0O,=>H,0, + OH"

1.0E+08

1500

Pandis and
Seinfeld
(1989)

29

SO,+03;=>H,S0,

2.4E+04

Pandis and
Seinfeld
(1989)

30

HSO;3-+0O5;=>HSO;,-

3.7E+05

5530

Pandis and
Seinfeld
(1989)

31

SO;%+0; => S0,

1.5E+09

5280

Pandis and
Seinfeld
(1989)

32

SO,+H,0, => H,S0,

1.3E+06

4430

Pandis and
Seinfeld
(1989)

33

HSO;- + H,O,=> HSO4

5.2E+06

3650

Pandis and
Seinfeld
(1989)

34

SO;?% + H,0, => SO,

5.2E+06

3650

Pandis and
Seinfeld
(1989)

35

SO;%+ OH => SOs + OH

4.6E+09

1500

Pandis and
Seinfeld
(1989)

36

HSO5;+OH => SOs

4.2E+09

1500

Pandis and
Seinfeld
(1989)

37

SO5- + HSO3- => SO5- +
HSOs

3.0E+05

3100

Pandis and
Seinfeld
(1989)

38

SOs + S0;2 =>S0,% + S04

1.3E+07

2000

Jacob (1989)

39

SOs + O, => HSOs + OH"

1.0E+08

1500

Jacob (1989)

40

SOs + HCOOH => HSOs +
CO, + HO,

2.0E+02

5300

Jacob (1989)




41 SOs + HCOO => HSOs + | 1.4E+04 4000 | Jacob (1989)
CO,+ 0Oy
42 SOs + SOs5 => 2S04 2.0E+08 1500 | Jacob (1989)
43 HSOs + OH => SO’ 1.7E+07 1900 | Jacob (1989)
44 HSOs + SO, => SOs + SO, | 1.0E+05 0. Jacob (1989)
2 + H+
45 HSOs + NO, => HSO, + 3.1E-01 6650 | Jacob (1989)
NO;
46 SO, + HSO; => SO5 + 1.3E+09 1500 | Jacob (1989)
SO 2+H"
47 SO, + S0;? =>SOs + SO, | 5.3E+08 1500 | Jacob (1989)
48 SO, + HO, => SO, 2+ H' 5.0E+09 1500 | Jacob (1989)
49 SO, + 0, => SO, 5.0E+09 1500 | Jacob (1989)
50 SO, +OH =>S0,”+OH | 8.0E+07 1500 | Jacob (1989)
51 SO, + H,0, => SO~ + HO, | 1.2E+07 2000 | Pandis and
+H" Seinfeld
(1989)
52 SO, + NO, => SO,2 +NO, | 8.8E+08 1500 | Jacob (1989)
53 SO, + HCO5 => SO, + 9.1E+06 2100 | Pandis and
CO;y +H" Seinfeld
(1989)
54 SO, + HCOO => SO, >+ 1.7E+08 1500 | Jacob (1989)
CO, + HO,
55 SO, + HCOOH => SO, 1.4E+06 2700 | Jacob (1989)
+CO, + HO, + H'
56 SO, + HO, => H,SO,+ OH | 1.0E+06 0. Pandis and
Seinfeld
(1989)
57 SO, + CH;0H => SO,2 + | 2.5E+07 1800 | Pandis and
HCHO +HO, + H" Seinfeld

(1989)




Table S3. Organic chemistry used in cloud and aerosol water to predict carboxylic acids

in Case 1
Reaction Aqueous phase Reactions Kaogs E/R | References
Number M"S™ (K)
1 GLYX+OH=> GLYAC+HO, 1.1E+09 1564 | Lim et al. (2005)
2 GLYAC+OH=>0OXLAC+H,0 3.62E+08 | 962 Herrmann (2003)
3 GLYAC-+ OH == OXLAC-+H,0 | 2.8E+09 4330 | Herrmann (2003)
4 OXLAC +OH => 2CO, + 2H,0 1.4E+06 Lim et al. (2005)
5 OXLAC-+ OH=>2CO, +2 H,;0 4.7E+07 Lim et al. (2005)
6 OXLAC=+ OH =>2CO, + 2H,0 7.7E+06 Lim et al. (2005)
7 H,C(OH), + OH => HCOOH + HO, | 2.0E+09 1500 | Pandis and Seinfeld
(1989)
8 HCOO™ + NO; => NO; + CO; + | 6.0E+07 1500 | Jacob (1989)
HO,
9 HCOOH + O; => CO, + HO, +OH 5.0E+00 0 Pandis and Seinfeld
(1989)
10 HCOO + O3 =>CO, + OH + Oy 1.0E+02 0 Pandis and Seinfeld
(1989)
11 HCOO™ + CO;3- => CO, + HCO3™ + | 1.1E+05 3400 | Pandis and Seinfeld
HO, + OH- (1989)
12 CH;0, + HO, => CH300H 4.3E+05 3000 | Jacob (1989)
13 CH;0; + O, => CH300H+ OH- 5.0E+07 1600 | Jacob (1989)
14 CH;00H + hv => HCHO + OH + | 5.0E- Pandis and Seinfeld
HO, 4*jno2 (1989)
15 CH300H + OH => CH302 2.7E+07 1700 | Jacob (1989)
16 CH30H + OH => HCHO + HO, 4.5E+06 1500 | Pandis and Seinfeld
(1989)
17 CH30OH + CO3” => HCHO + HO, + | 2.6E+03 4500 | Pandis and Seinfeld
HCO3" (1989)
18 CH300H + OH => HCHO + OH 1.9E+07 1800 | Jacob (1989)




19 CH30H + NO; => NO; + H' + | 1.0E+06 2800 | Pandis and Seinfeld
HCHO + HO, (1989)

20 MGLY + OH => 0.92 PRV +0.08 | 1.1E+09 1600 | Ervens et al. (2004)
GLYAC + H,0 + HO,

21 PRV + OH => CH3C(O)OH + HO, | 1.2E+08 2766 | Lim et al. (2005)
+ CO,

22 PRV- + OH => CH3COO- + HO, + | 7.0E+08 2285 | Lim et al. (2005)
CO,

23 CH3COO- + OH => 0.85GLYAC- + | 1.9E+09 1800 | Lim et al. (2005)
0.15 HCOO-

24 CH3COOH + OH => 0.85GLYAC + | 1.5E+07 1800 | Lim et al. (2005)
0.15 HCOOH

25 GLYX + OH => 0.03GLYAC +0.97 | 3.1E+09 Lumped reactions
OXLAC based on Carlton et al.

(2007)

26 GLYC + OH =>GLYX + HO, 1.0E+09 1564 | Lim et al. (2005)

27 GLYC +OH => GLYAC + 2HO, 5.0E+08 1564 | Lim et al. (2005)

28 GLYC + NO; => GLYAC +HO; + | 1.1E+07 Herrmann et al. (2005)
NOs-

29 GLYC + NO; == GLYX + NOs;- | 5.5E+06 Herrmann (2003)
+H,0

30 GLYX + NO; => GLYAC + NOs- + | 6.3E+07 The same as for
HO, MGLY+NO3

31 MGLY + NO; => 0.92 PRV +0.08 | 6.3E+07 Herrmann et al. (2005)
GLYAC + NOs- + HO,

32 PRV + NO; => CH3COOH + HO2 | 4.8E+06 Herrmann et al. (2005)
+CO; + NOs-

33 PRV- + NO; => CH3COO- + HO; + | 4.8E+06 Herrmann et al. (2005)
CO; + NO:s-

34 GLYAC + NO; => OXLAC + HO; + | 3.0E+06 The same as glyxolic
NO;- acid from Herrmann et

al. (2005)
35 GLYAC- + NO; => OXLAC- + HO, | 1.1E+08 The same as glyxolic

+ NO3-

acid from Herrmann et
al. (2005)




36 OXLAC + NO; =>2CO, + NOs- 6.8E+07 The same as OLAC- +
NO;

37 OXLAC-+ NO; =>2C0O, + NO;s- 6.8E+07 Herrmann et al. (2000)

38 OXLAC=+ NO; =>2CO, + NOs- 2.2E+08 Herrmann et al. (2000)

Table S4. Organic chemistry in aerosol water adopted from Ervens and Volkamer (2010)

React | Aqueous phase Reactions Kaos (M"S™) | E/R | References

ion (K)

Num

ber

1 GLYX + H,0=>GLYX MH 7 Creighton et al. (1988)

2 GLYX MH=> GLYX 2.0E-02 Creighton et al. (1988)

3 GLYX MH +H20 =>GLYX DH 4.0 Ervens and Volkamer
(2010)

4 GLYX DH=>GLYX MH 2.0E-02 Ervens and Volkamer
(2010)

5 GLYX+GLYX MH=>GLYOLI 1.0E+02 Ervens and Volkamer
(2010)

6 GLYOLI=GLYX+GLYX MH 5.556 Ervens and Volkamer
(2010)

7 GLYX MH+GLYX MH=>GLYOLI 1.0E+02 Ervens and Volkamer
(2010)

8 GLYOLI==GLYX MH+GLYX MH 5.556 Ervens and Volkamer
(2010)

9 GLYX DH+GLYX MH=>GLYOLI 1.0E+02 Ervens and Volkamer
(2010)

10 GLYOLI=>GLYX DH+GLYX MH 5.556 Ervens and Volkamer
(2010)

11 GLYX_DH=>GLYOLI 0.8 s <k<7s" k scales with OH

concentration with
highest value at
[OH]=10" cm™
(Ervens and Volkamer
,(2010))




12 GLYX_MH=>GLYOLI 0.8 5" <k<7s"" k scales with OH
concentration with
highest value at
[OH]=10" cm™
(Ervens and Volkamer
,(2010))

13 GLYX =>GLYOLI 0.8 5"<k<7s" k scales with OH
concentration with
highest value at
[OH]=10" cm™
(Ervens and Volkamer
,(2010))

14 MGLY+ H20 => MGLY_MH 1.1E+01 Creighton et al. (1988)

15 MGLY_ MH =>MGLY 2.0E-02 Creighton et al. (1988)

16 MGLY MH =>MGLY_ DH 9.6E-02

17 MGLY DH=>MGLY MH 2.0E-02 Assumed the same as
monohydrate

18 MGLY +MGLY_ MH => MGLOLI 1.0E+02 Assumed the same as
glyoxal

19 MGLOLI=>MGLY MH + MGLY 5.556E0 Assumed the same as
glyoxal

20 MGLY MH +MGLY MH => MGLOLI | 1.0E+02 Assumed the same as
glyoxal

21 MGLOLI=>MGLY MH+ MGLY MH | 5.556E0 Assumed the same as
glyoxal

22 MGLY DH+MGLY MH=>MGLOLI | 1.0E+02 Assumed the same as
glyoxal

23 MGLOLI=>MGLY MH + MGLY DH | 5.556E0 Assumed the same as
glyoxal

24 MGLY_ DH => MGLOLI 4.0 Ervens et al. (2011)

25 MGLY_ MH => MGLOLI 4.0 Ervens et al. (2011)

26 MGLY => MGLOLI 4.0 Ervens et al. (2011)

27 GLYX + OH=> GLYAC+HO, 1.1E+09 1564 | Lim et al. (2005)

28 GLYX MH + OH=> GLYAC+HO, 1.1E+09 1564 | Lim et al. (2005)

29 GLYX DH + OH=> GLYAC+HO, 1.1E+09 1564 | Lim et al. (2005)




30 GLYAC+OH=>0OXLAC+H,0 3.62E+08 962 | Herrmann (2003)
31 GLYAC-+ OH => OXLAC- + H,O 2.8E+09 4330 | Herrmann (2003)
32 OXLAC +OH => 2CO, + 2H,0 1.4E+06 Lim et al. (2005)
33 OXLAC-+ OH =>2CO0O, +2 H,0 4.7E+07 Lim et al. (2005)
34 OXLAC=+ OH =>2CO, + 2H,0 7.7E+06 Lim et al. (2005)
35 H,C(OH), + OH => HCOOH + HO, 2.0E+09 1500 | Pandis and Seinfeld
(1989)
36 HCOO™ + NO; => NOj3™ + CO, + HO, 6.0E+07 1500 | Jacob (1989)
37 HCOOH + O3 => CO, + HO, +OH 5.0E+00 0 Pandis and Seinfeld
(1989)
38 HCOO + O3=>CO,+OH + Oy 1.0E+02 0 Pandis and Seinfeld
(1989)
39 HCOO™ + CO;-=> CO, + HCO5; + HO, + | 1.1E+05 3400 | Pandis and Seinfeld
OH- (1989)
40 CH;0, + HO, => CH300OH 4.3E+05 3000 | Jacob (1989)
41 CH;0, + O," => CH300OH+ OH- 5.0E+07 1600 | Jacob (1989)
42 CH;00H + hv =>HCHO + OH + HO, 5.0E- Pandis and Seinfeld
4*jno2 (1989)
43 CH30O0H + OH => CH302 2.7E+07 1700 | Jacob (1989)
44 CH30OH + OH => HCHO + HO, 4.5E+06 1500 | Pandis and Seinfeld
(1989)
45 CH30OH + CO3 => HCHO + HO, + 2.6E+03 4500 | Pandis and Seinfeld
HCO3" (1989)
46 CH30O0H + OH => HCHO + OH 1.9E+07 1800 | Jacob (1989)
47 CH30H + NO; =>NO;+ H + HCHO + | 1.0E+06 2800 | Pandis and Seinfeld
HO, (1989)
48 MGLY + OH =>0.92 PRV +0.08 1.1E+09 1600 | Ervens et al. (2004)
GLYAC + H,0 + HO,
49 MGLY_MH + OH => 0.92 PRV +0.08 1.1E+09 1600 | Ervens et al. (2004)
GLYAC + H,0 + HO,
50 MGLY DH + OH =>0.92 PRV +0.08 1.1E+09 1600 | Ervens et al. (2004)

GLYAC + H,O + HO,




51 PRV + OH => CH3C(O)OH + HO, + 1.2E+08 2766 | Lim et al. (2005)
CO,
52 PRV-+ OH => CH3COO- + HO, + CO, 7.0E+08 2285 | Lim et al. (2005)
53 CH3COO- + OH => 0.85GLYAC-+0.15 | 1.9E+09 1800 | Lim et al. (2005)
HCOO-
54 CH3COOH + OH => 0.85GLYAC + 0.15 | 1.5E+07 1800 | Lim et al. (2005)
HCOOH
55 GLYX + OH => 0.03GLYAC +0.97 3.1E+09 Lumped reactions
OXLAC based on Carlton et al.
(2007)
56 GLYC +OH => GLYX + HO, 1.0E+09 1564 | Lim et al. (2005)
57 GLYC +OH => GLYAC + 2HO, 5.0E+08 1564 | Lim et al. (2005)
58 GLYC + NO; => GLYAC +HO; + NOs- 1.1E+07 Herrmann et al.
(2005)
59 GLYC + NO; => GLYX + NOs;- +H,O 5.5E+06 Herrmann (2003)
60 GLYX + NO; => GLYAC + NO;z-+HO, | 6.3E+07 The same as for
MGLY+NO3
61 GLYX MH +NO; =>GLYAC + NOs-+ | 6.3E+07 The same as for
HO, MGLY+NO3
62 GLYX MH +NO; =>GLYAC + NOs-+ | 6.3E+07 The same as for
HO, MGLY+NO3
63 MGLY + NO; =>0.92 PRV +0.08 6.3E+07 Herrmann et al.
GLYAC + NOs- + HO, (2005)
64 MGLY_MH + NO; =>0.92 PRV +0.08 6.3E+07 Herrmann et al.
GLYAC + NOs- + HO, (2005)
65 MGLY_DH + NO; =>0.92 PRV +0.08 6.3E+07 Herrmann et al.
GLYAC + NOs- + HO, (2005)
66 PRV + NO; => CH3COOH + HO2 +CO, | 4.8E+06 Herrmann et al.
+ NO;- (2005)
67 PRV-+ NO; => CH3COO-+HO, + CO, | 4.8E+06 Herrmann et al.
+ NO;- (2005)
68 GLYAC + NO; => OXLAC +HO, + 3.0E+06 The same as glyxolic

NOs-

acid from Herrmann et

al. (2005)




69 GLYAC- + NO; => OXLAC- + HO, + 1.1E+08 The same as glyxolic
NO;- acid from Herrmann et

al. (2005)

70 OXLAC + NO; =>2CO; + NO3- 6.8E+07 The same as OLAC- +
NO;

71 OXLAC- + NO;3; =>2CO, + NOs- 6.8E+07 Herrmann et al.
(2000)

72 OXLAC=+ NO; =>2CO, + NOs- 2.2E+08 Herrmann et al.
(2000)

Table S5. Organic chemistry in cloud water and aerosol water adopted from Lim et al.

(2010) which is used in Case 3

Reaction Aqueous phase Reactions Kaos (M"S™)| E/R References
Number (K)
1 GLYX + OH => GLYXr + H,0O 1.1E+09 1564 | Tan et al. (2009)
2 GLYXr +0, => GLYXOOr 1.0E+06 0 Guzman et al.
(2006)
3 GLYXOOr=>GLYAC + HO, 5.0E+01 0 Carter et al. (1979)
4 GLYXOOr + GLYXOOr => 3.0E+08 |0 Lim et al. (2010)
2HFALDr + 2CO, + O, + 2HO,
5 HFALDr + O, => ACOL + HO, 5.0E+06 |0 Lim et al. (2010)
6 HFALDr + GLYXr=> C3D 1.3E+09 0 Guzman et al.
(2006)
7 GLYXr+ GLYXr=>TA 1.3E+09 0 Guzman et al.
(2006)
8 GLYAC + OH => GLYACr +H,0 3.62E+08 | 962 Tan et al. (2009)
9 GLYACr + O, => GACO2r 1.0E+06 0 Guzman et al.
(2006)
10 GACO2r => OXLAC + HO, 5.0E+01 0 Carter et al. (1979)
11 GACO2r + GACO2r=>2CO, + 3.0E+08 |0 Lim et al. (2010)
HCOOHTr




12 HCOOHTr + O, => CO, + HO, 5.0E+06 0 Guzman et al.
(2006)
13 HCOOHTr + GLYXr=> C3D 1.3E+09 0 Guzman et al.
(2006)
14 HFALDr + GLYXr=> C3D 1.3E+09 0 Guzman et al.
(2006)
15 GLYACr + GLYACr=>C4D 1.3E+09 0 Guzman et al.
(2006)
16 GLYAC-+ OH => GLYACr- 2.8E+09 4330 Tan et al. (2009)
17 GLYACr+ GLYXr=> C4D 1.3E+09 0 Guzman et al.
(2006)
18 GLYACr-+ GLYXr=>C4D 1.3E+09 0 Guzman et al.
(2006)
19 GLYACr-+ GLYACr=>C4D 1.3E+09 0 Guzman et al.
(2006)
20 GLYACr-+ GLYACr-=>C3D 1.3E+09 0 Guzman et al.
(2006)
21 GLYACr- + HCOOHr => C3D 1.3E+09 0 Guzman et al.
(2006)
22 GLYACr- + HFALDr => C3D 1.3E+09 0 Guzman et al.
(2006)
23 GLYACr- + O, => GACO2r- 1.0E+06 0 Guzman et al.
(2006)
24 GACO2r- => OXLAC- 1.0E+02 0 Lim et al. (2010)
25 GACO2r- + GACO2r- => 2CO,- + 3.0E+08 0 Lim et al. (2010)
2HCOOHTr
26 OXLAC + OH => HCOOHr + CO, + | 1.4E+06 2766 Tan et al. (2009)
2H,0
27 OXLAC-+ OH => HCOOHTr + CO»- 1.9E+08 2766 Tan et al. (2009)
+ 2H20
28 OXLAC-2 + OH => HCOOHTr + CO,- | 1.6E+08 4330 Tan et al. (2009)
+2 H20
29 CO,-+ 0, =>0,-+CO, 2.4E+09 0 Tan et al. (2009)
30 GLYAC + H,O, => ACOL + CO, + 3.0E-01 0 Tan et al. (2009)

H,O




31 ACOL + OH => HCOOHTr + H,0O 1.0E+08 Tan et al. (2009)

32 HCOO- + OH => CO,- + H,O 2.4E+09 Tan et al. (2009)

33 O,- + OH=> OH- + O, 1.0E+10 Tan et al. (2009)

34 HCOO- + OH => CO,- + H,O 1.0E+07 Tan et al. (2009)

35 CO5- + 05-=>CO,=+ 02 6.5E+08 Tan et al. (2009)

36 COs- + HCOO- => HCO;s- + CO,- 1.5E+5 Tan et al. (2009)

37 COs- +H,0, => HCOs- + HO, 8.0E+05 Tan et al. (2009)

38 C3D + OH => C3Dr + H20 3.0E+08 Lim et al. (2010)

39 C3Dr + O, => C3DOOr 1.0E+06 Lim et al. (2010)

40 C3DOOr => HO, 5.0E+01 Carter et al. (1979)

41 C3DOOr =>2HCOOHTr + 2GLYAC 3.0E+08 Lim et al. (2010)

42 C4D + OH => C4Dr + H,0O 1.1E+08 Ervens et al.
(2003)

43 C4Dr + O, => C4DOOr 1.0E+06 Guzman et al.
(2006)

44 C4DOOr => HO, 5.0E+01 Carter et al. (1979)

45 C4DOOr + C4DOOr => 2GLYAC 3.0E+08 Lim et al. (2010)

46 HFALDr + HFALDr => GLYX 1.3E+09 Guzman et al.
(2006)

47 HFALDr + HCOOHr => GLYAC 1.3E+09 Guzman et al.
(2006)

48 HCOOHr +HCOOHr => OXLAC 1.3E+09 Guzman et al.
(2006)

49 CO,- + HCOOHr => OXLAC- 1.3E+09 Guzman et al.
(2006)

50 CO,- + CO,- => OXLAC= 1.3E+09 Guzman et al.
(2006)

51 C3D => MA 1.0E-03 Tan et al. (2009)

52 MA => C3D 5.556E- Tan et al. (2009)

07
53 MA + OH => C3Dr + H,O 1.6E+08 Ervens et al.

(2003)




54

TA +OH => C4Dr + H,O

3.1E+08

0 Monod et al.
(2005, 2008)

55

MGLOLI

MGLY + OH => 0.2 OXLAC + 0.8

1.1E+09

1600

" r=radical. For example, GLYXr = glyoxal radical; OOr = peroxy radical.

Table S6. Fe chemistry in cloud used in Case 5

Reaction | Aqueous phase Reactions Kaos (M"S™) | E/R (K) | References

Number

1 H,0,+ Fe*" => Fe’" + OH + 52.4 5050 Deguillaume et al. (2010)
OH"

2 H,0,+ FeO™ =>Fe*" + HO, + | 9.5E+03 | 2800 Deguillaume et al. (2010)
OH"

3 O, + Fe*" + 2H" => H,0, + 1.0E+07 Deguillaume et al. (2010)
FeB+

4 0, + Fe’ => Fe*" + 0, 1.5E+08 Deguillaume et al. (2010)

5 O, + [Fe(OH)]* => Fe*" + O, | 1.5E+08 Deguillaume et al. (2010)
+OH

6 O, + [Fe(OH),]" => Fe*" + O, | 1.5E+08 Deguillaume et al. (2010)
+20H"

7 HO, + Fe + H => Fe’" + 1.2E+06 | 5050 Deguillaume et al. (2010)
HzOz

8 HO, + FeO*" => Fe*' +0, + 2.0E+06 Deguillaume et al. (2010)
OH"

9 OH + Fe*" => [Fe(OH)]*" 4.6E+08 | 1100 Deguillaume et al. (2010)

10 OH + FeO*" + H' => Fe'" 1.0E+07 Deguillaume et al. (2010)
HzOz

11 O; +Fe*" => FeO’" + 0, 8.2E+05 Deguillaume et al. (2010)

12 FeO* + H,0 =>Fe* + OH+ | 1.3E-02 4100 Deguillaume et al. (2010)
OH"

13 FeO* + Fe*' + H,0 => 2Fe’" | 7.2E+04 | 840 Deguillaume et al. (2010)
+20H"

14 FeO” + Fe*" + H,0 => 1.8E+04 | 5050 Deguillaume et al. (2010)
Fe(OH),Fe**




15 Fe(OH),Fe'" => 2Fe’" + 20H | 0.49 8800 Deguillaume et al. (2010)

16 Fe(OH),Fe*" +2H" => 2F¢’" + | 2.0E+00 | 5650 Deguillaume et al. (2010)
2H,0

17 NO; + Fe*' => Fe’" + NOy 8.0E+06 Deguillaume et al. (2010)

18 NO, + Fe*" => Fe’" + NO, 3.1E+04 Deguillaume et al. (2010)

19 HNO, + FeO*" =>Fe*" + NO, | 1.1E+04 | 4150 Deguillaume et al. (2010)
+OH

20 NO, + FeO™ + H" => Fe** 1.0E+05 Deguillaume et al. (2010)
NO, + OH

21 HSO; + [Fe(OH)]” =>Fe*" + | 30 Deguillaume et al. (2010)
SO; + H,0

22 SOs + Fe*' H,0 => 2.65E+07 Deguillaume et al. (2010)
[Fe(OH)]*" + HSOs

23 HSOs + Fe*" => [Fe(OH)]*" + | 3.0E+04 Deguillaume et al. (2010)
SO4

24 SO4 + Fe’" + H,0 => 4.1E+09 -2165 Deguillaume et al. (2010)
[Fe(OH))*" + SO~ + H'

25 O” + [Fe(SO,)]" => Fe* + 1.5E+08 Deguillaume et al. (2010)
SO~ + 0,

26 HSO> + FeO*" => Fe’" + SO* | 2.5E+05 Deguillaume et al. (2010)
+OH

27 HCOOH + FeO* + 0, + H' 160 2680 Deguillaume et al. (2010)
=>Fe’" + CO, + HO, + H,0

28 HCOO + FeO* + 0, + H => | 3.0E+05 Deguillaume et al. (2010)
Fe*" + CO, + HO, + OH-

29 CH,(OH), + FeO*" + 0, => 400 5350 Deguillaume et al. (2010)
Fe’" + HCOOH + HO, + OH"

30 CO; + Fe*" => Fe’" +CO5* 2.0E+07 Deguillaume et al. (2010)

31 CH;0, + Fe*' => CH;0,Fe*" | 8.6E+05 Deguillaume et al. (2010)

32 CH;0,Fe’” => CH;0, + Fe’* | 1.3E+03 Deguillaume et al. (2010)

33 CH;0,Fe”” + H,O => Fe’" + 100
CH;O0H + OH

Deguillaume et al. (2010)
34 CH;0-.Fe*" + H =>Fe’" + 3.0E+04 Deguillaume et al. (2010)




CH;OOH

35 Fe’" + SO~ => [Fe(S04)]" 3.2E+03 Deguillaume et al. (2010)

36 [Fe(SO4)]" => Fe' + SO~ 27 Deguillaume et al. (2010)

37 [Fe(C,04)]" =>Fe’" + C,0,~ | 3.0E-03 Ervens et al. (2003)

38 Fe’' + C,0,5 => [Fe(C,04)]" | 7.5E+06 Ervens et al. (2003)

39 [Fe(C,04)2] => [Fe(C,04)]" + | 3.0E-03 Ervens et al. (2003)
C,04”

40 [Fe(C,04)]" + C,0,> => 1.89E+04 Ervens et al. (2003)
[FC(C204)2]-

41 [Fe(OH)]*" + hv =>Fe’ + OH | 4.51E-03 Ervens et al. (2003)

42 [Fe(OH),]" + hv =>Fe’ + OH | 5.77E-03 Ervens et al. (2003)
+OH

43 [Fe(SO,)]” +hv => Fe™ + 6.43E-03" Ervens et al. (2003)
SO,

44 [Fe(C204),] + hv + (0,) => 2.47E-02" Ervens et al. (2003)
Fe’ + C,0, + 2C0,+ Oy

" Ervens et al. (2003) gave the photolysis rates for H,0, and Fe compounds at latitude of
51° N. Based on these rates, we scale the photolysis rates of Fe compounds to the

photolysis rates of H,O; in the model.



Table S7. Effective Henry’s law constants

Species Hy9g (mol L' atm'l) AH/R (K) Mass References
accommodation
coefficient
CO, 3.4E-02 -2420 5.0E-2 Pandis and
Seinfeld (1989)
GLYX 4.19E+05" 7481 2.3E-2 Ip et al. (2009)
MGLY 3.7E+03" 7481 2.3E-2 Lim et al. (2005)
OH 3.0E+1 4500 5.0E-2 Lim et al. (2005)
HO, 4.6E3 4800 1.0E-2 Lim et al. (2005)
H,0, 8.6E4 6500 1.1E-1 Lim et al. (2005)
GLYAC 1.09E4 4811 1.9E-2 Ip et al. (2009)
OXLAC 3.26E6 1.9E-2 Lim et al., 2009
HNO; 2.1E5 5.0E-2 Pandis and
Seinfeld (1989)
0, 1.03E-2 2300 5.3E-4 Lelieveld, 1991,
Sander, 1996
NO, 1.0E-2 2500 6.3E-4 Pandis and
Seinfeld (1989)
NO 1.9E-3 1480 5.0E-3 Pandis and
Seinfeld (1989)
CH;0, 6.0E0 5600 5.0E-2 Pandis and
Seinfeld (1989)
HCHO 6.3E3 6460 5.0E-2 Pandis and
Seinfeld (1989)
HCOOH 3.5E3 5740 5.0E-2 Pandis and
Seinfeld (1989)
CH;0O0H 2.27E2 5610 5.0E-2 Pandis and
Seinfeld (1989)
NO; 2.1E5 8700 1.0E-3 Pandis and

Seinfeld (1989)




HONO 5.1E-4 -1260 5.0E-2 Pandis and
Seinfeld (1989)
CH;OH 2.2E2 4900 5.0E-2 Pandis and
Seinfeld (1989)
PAN 2.9E0 5910 5.0E-2 Pandis and
Seinfeld (1989)
CH;CO; 1.0E2 5.0E-2 Pandis and
Seinfeld (1989)
CH;CHO 1.14E+01 6460 5.0E-2 Herrmann (2000)
CH;COOH 3.5E3 5740 5.0E-2 Pandis and
Seinfeld (1989)
PRV 3.09E5 1.9E-2 Lim et al. (2005)
GLYC 4.10E4 4600 2.3E-2 Lim et al. (2005)
SO2 1.23E0 3120 5.0E-2 Pandis and
Seinfeld (1989)

" When using the organic chemistry in aerosol water adopted from Ervens and Volkamer
(2010), the Henry’s law constant for glyoxal and methylglyoxal is 5.8 (Ervens and
Volkamer (2010))and 1.4 (Betterton and Hoffmann, 1988), which do not consider the

effect of hydration on the solubility of species.




Table S8. Aqueous equilibrium coefficients

Reaction Reactions Kagos AH/R | Reference

number

1 CO,=H"+HCOy 4.46E-07 | 1000 Pandis and Seinfeld (1989)

2 HCO; =H' + CO;™ 4.68E-11 | 1760 Pandis and Seinfeld (1989)

3 SO, =H"+ HSO5 1.23E-02 | 1960 | Pandis and Seinfeld (1989)

4 HSO;=H"+ SO;~ 6.61E-08 | -1500 | Sander (1996)

5 H,S0,=H"+ HSO4 1.0E+03 Pandis and Seinfeld (1989)

6 HSO4 =H" + SO, 1.02E-02 | -2720 | Pandis and Seinfeld (1989)

7 H,0,=H"+HOy 2.2E-12 3730 Pandis and Seinfeld (1989)

8 HO,=H"+ 02 3.5E-05

9 HNO; =H"+ NO; 1.54E+01 | -8700 | Pandis and Seinfeld (1989)

10 HONO =H"+NO, 5.1E-04 1260 Pandis and Seinfeld (1989)

11 NH; = OH + NH," 1.7E-05 | -4325 | Pandis and Seinfeld (1989)

12 HCHO + H,0 = H,C(OH), | 1.82E+03 | -4020 | Pandis and Seinfeld (1989);

Sander (2004)

13 HCOOH = H" + HCOO- 1.78E-04 | 20 Pandis and Seinfeld (1989)

14 CH;C(O)OOH =H" + 1.78E-04 | 0 Assumed equal to HCOOH
CH3C(0)00"

15 CH3COOH =H" + 1.75E-05 | 0 Herrmann et al. (2000)
CH3COO’

16 GLYAC =GLYAC +H" | 3.47E-04 | 267 Lim et al. (2005)

17 OXLAC = OXLAC +H" | 5.60E-02 | 453 Lim et al. (2005)

18 OXLAC = OXLAC” +H" | 5.42E-02 | 805 Lim et al. (2005)

19 PRV =PRV + H" 3.20E-03 |0 Lim et al. (2005)

20 Fe’" = Fe(OH)" + H' 1.10E-04 | 0 Ervens et al. (2003)

21 Fe(OH)’" = Fe(OH),  + H" | 1.40E-07 | 0 Ervens et al. (2003)

22 Fe’" =Fe(OH)" + H" 3.22E-10 | 0 Deguillaume et al. (2005)
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