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Table 1. Gas Phase Reactions and Rate Constants

# Bimolecular Reactions Rate Constants References
1. O('D)+N, -0 +N, 1.8 x 1071 10/ T) )
2. Q(ID)+OZ—>O+02 32 %10 e7/D )
3. 0('D) + H,0 — OH + OH 22x10™"° 2
4. O('D) + CH, — CH; + OH (0.75),CH;0 + H (0.2),HCHO + H, 410
(0.05) 1.5x10 2
5. 0O('D)+H, = OH +H 1.1x10™"° 2
6. OH +CO — H + CO, 1.5x 10" x (1 + 0.6 X Pyn) 2
7. HO, + NO — NO, + OH 3.5x 10712250/ )
8. O; + HO, — OH + 20, 1.1 x 10714 t500/M )
9. HO, + HO, — H,0, + O, 2.3 x 10713 ©00/T) )
10. OH+H, - H,0O+H 5.5 10712 2000/ T) )
11. 03+ OH — HO, + O, 1.6 x 1072 ¢0940/D )
12. OH + HNO3; — H,0 + NO; Ko=7.2x 10715 785/ )

ky=4.1x 1070 40D

k3=1.9x 107 /D

k=ko+ (ks x [M]/ (1 +k;x[M]/ky))
13. H,0, + OH — H,0 + HO, 2.9 x 10712 160/ )
14. OH + HO,NO, — NO, + HO, + OH 1.3 x 10712 o@80/T) )
15. OH + HO, — H,0 + 0, 4.8x 107 ¢@50/D )
16. OH + HONO — H,0 +NO, 1.8x 10711 &B39%/D )
17. CyHs + 0, = CHy + HO, 2x10™ 2b
18. OH + CH, — CH; + H,0 2.45x 10712 1775/ )
19. 0OC’P) + CH; — CH;0 1.1x 107" )
20. CH;0, + HO, — CH;00H + O, 3.8 x 10713 800/ T )
21. CH;00H + OH — CH;(0)0 + H,0 0.7 x 3.8 x 1072 ¢@00/D )
22. CH;0 + O, = CH,0 + HO, 3.9 x 1074 900/ D )
23. OH + HCHO — H,0 + HCO 8.8x 1012¢%/D )
24. HCO + O, — CO + HO, 3.5x 10712040/ )
25. CH;0, + CH;0, — 2CH;0 + 0,29% 029x2.5x 1071/ 2
26. NO + CH;0, — NO, + CH;0 3x 10712 e@80/D )
217. NO + 03 = NO, + 0, 2 x 10712 1400/ T) )
28. NO +NO; — 2NO, 1.5x 1071 170/D )
29. NO; + HCHO — Products 5.8x10"° 2b
30. HO, + SO, — Products 1x10™"® 2b
31 N,05 + H,O — 2HNO; 2.5x107% 2b
32. NO,; + O3 = NO;3 + O, 1.2 x 10713 g(2450/D) )
33. OH +O(CP) = H+0, 22 x 1011 120/ )
34. 0OC’P) + HO, — OH + 0, 3x 107 ¢@00/D )
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H,0, + OCP) — OH + HO,
OH + OH — H,0 + OCP)
O3 + Alkenes — Products
NOj; + CO — Products

OH + CH;00H — CH,00H + H,0 — CH,0 + OH + H,0

OC’P) + HCHO — OH + HCO
HCHO + HO, — HO,CH,O
H+0; — OH + 0,

HO, + H — 20H

O(3P) + HO,NO, — Products
O('D) + 03 — 20,

0('D) + 03 — 0, + 20
CH;0, + SO, — Products
NO; + HO, — OH + NO, + 0,
CH; + O3 — Products

SO, + 03 — SO; + 0,

NO; + OH — NO, + HO,
05+ 0CP) — 20,

0; + HONO — O, + HNO;
CH;0, + O3 — Products

NO; + Alkenes — HOCH,CH, + NO,

SO, + NO, — Products

NO3 + Alkanes — C2H5 + HNO3
CH30, + CH30, — CH,0 + CH30H + O,

N02 + NO3 — NO + NOZ + 02
OH + Alkanes — C,Hs + H,O
C2H502 +NO — NOZ + CszO

CH;CHO + NO; — HNO; + CH;CO (— CH;C(0)05)
CH;CHO + O(’P) — OH + CH;CO (- CH;C(0)0,)
CH;CHO + OH — H,0 + CH;CO (- CH;C(0)0,)

OCP)+H, - OH+H

NO + CH;C(0)O,; = NO, + CH; + CO,
OH + C,H;00H — C,H,O0H + H,O
OH + CszOOH g C2H502 + Hzo

NO, + OCP) — NO + 0,

NO; + OCP) — NO, + 0,
HNOj; + O(’P) — NO; + OH
C,H;0 + 0, — CH;CHO + HO,
HO,CH,0 — HO, + CH,0

HO,CH,0 + HO, = HCOOH + O, + H,0

Halogen chemistry
I[+0;—=10+0,
I+HO; — HI +0,

I0 +NO —= I+ NO,
10 + HO, —= HOI + O,

14 x 10-12 e(-ZOOO/T)
42 x 10-12 e(-240/T)
12 x 10-14 e(-2630/T)
4x10™"
0.3x3.8x 102 ¢@%/D
34 x 10-11 e(-1600/T)
67 x 10-15 e(GOO/T)
14 x lo-loe(-470/T)
09x81x10™"
78 x 10-11 e(-3400/T)
12x107°
12x107°

5x 107"

3.5x 10"

54 x 10-12 e(-220/T)

3 x 10712 ¢(7000/T)

22x 10"

8 x 10-12 e(-2060/T)
5x 107"

3x 107"

3x 10

2x 1072
3.6x107"

0.71 x 2.5 x 10712 199/
45 x 10-14 e(-lZﬁO/T)
11 x lo-lle(-IIOO/T)
26 x 10-12 e(365/T)
14 x 10-12 e(-1900/T)
18 x 10-11 e(-llOO/T)
56 x 10-12 e(270/T)
411x 108

53 x 10-12 e(360/T)
3.64x 10"

5.95x 102

65 x 10-12 e(120/T)
1x10™"

3x 107"

63 x 10-14 e(-SSO/T)
24 x 1012 e(-7000/T)

5.6x 10-15 e(2300/T)

2 x 1071 &890/D
1.5x 10711 1190/
73x1012330/D

5.8x 10"
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79. 10 +10 — 010 +1/L,0, 8.6x 10" 3
80. 10 + OI0 (+M) — 1,0, 1.5x 10" 3
81. IONO, — 10 + NO, 2.07 x 10" ¢ 11859/D 2
82. OH +HI — 1 + H,0 3x10M 2
83. HOI + OH — 10 + H,0 2x 107" 2
84. 10 + DMS — Products 12x10™ 2
85. INO, — 1+ NO, (2.4/0.005)x 2.07 x 10'° &¢11859/D 2
86. Br +0; — BrO + 0, 1.7 x 107150 2
87. HBr + OH — Br + H,0 1.1x 10" 2
88. Br+ HO, — HBr + 0, 1.5 x 10700 2
89. Br + HCHO — HBr +HCO 7.7 x 10713 550D 2
90. Br + CH;CHO — HBr CH;CO 1.8 x 10712 460D D)
91. BrO + HO, — HOBr + O, 3.4 x 1071254 D)
92. BrO + NO — Br+ NO, 8.8 x 107122 D)
93. BrO + CH;SCH; — CH3SOCH; + Br 1.5 x 10™4®50D D)
94, BrO + BrO — 2Br+ O, 2.4 x 1071240 D)
95. BrO + BrO — Br, + 0, 2.8 x 107140 D)
96. BrONO, — BrO + NO, 2.8x 10" ¢ (123600 4
97. BrO + I0 — Br + 1+0,/ Br + OIO 1.5 x 1071251 D)
98. Cl+ CH, — HCIl+ CH,4 1.1 x 107114000 2
99. HCI+ OH — H,0 +Cl 2.6 x 10712350 2
100. Cl+ 053 — CIO + O, 2.9 x 1071260 2
101. CIO + HO, — HOCI + 0, 5.0 x 107270 2
102. CIO + NO — Cl+NO, 6.4 x 1071229 2
103. ClO +10 — 0.2 (I + C1+0,) 1.3 x 102D D)
104. Cl + Alkanes — HCl + CH;00 5.7 x 10710 2,1
105. Cl + Alkenes — HCl + CH;00 1.0x 10710 2,1
106. Cl+ HCHO — HCl + HO, + CO 7.3 x 107 50D D)
107. CIO + CH;00 — Cl + HCHO + HO, 22x 10712 D D)
108. CIO + ClI0 — CL0, 3.5x 107" D)
109. CLO, — ClO + ClO 50 D)
110. CIONO, — CIO + NO, 0.0022 D)
111. Cl + CIONO, — Cl, + NOs 9.6 x 1072 140D 2
112. Cl+ H,0, — HCl + HO, 4.1 x 107358D D)
113. Br, + Cl > BrCl + Br 1.2 x 10710260 2,1
114. BrCl + Br — Br, + Cl 33x107° 2,1
115. Cl, + Br — BrCl + Cl 1.1x107" 2,1
116. BrCl + Cl — Cl, + Br 1.5x 10" 2,1
117. CIO + BrO — Br+ OCIO 6.0 x 107123 2.1
118.  ClO+BrO— Br+Cl+0, 5.6 x 107220 2,1
119.  CIO+BrO — BrCl+ 0, 1.1 x 1071220 2,1
Recombination Reactions
1. O('D) + N, (+M) — N,0 (+M) [M]x3.5x 107 x (T /300)*°
2. HO, + HO, (+M) — H,0, (+M) [M] x 1.7 x 10733 ¢1000/D
3. H+ O, (+ M) — HO, (+ M) ko=5.7x 1072 x (T / 300)™
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16.
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20.

21.

22.

23.

24.

25.

0, +0(CP) = O,
NO, + OH — HNO;

NO + OH (+ M) — HONO (+ M)

HO, + NO, (+ M) — HO,NO, (+ M)

HO,NO, —> HO, + NO,
0, + CH; (+ M) — CH;0, (+ M)
NO, +NOj (+ M) = N,Os (+ M)
NyOs5 (+ Np) = NO, + NOs (+ Np)

OH + OH (+ M) — H,0, (+ M)

NO + OCP) (+ M) = NO, (+ M)

NO, + OCP) (+ M) = NO; (+ M)

SO, + OH (+ M) — HOSO, (+ M)
CH;C(0)0, + NO, (+ M) — PAN (+ M)
PAN (+ M) — CH;C(0)O, + NO, (+ M)
OH + Alkenes (+ M) — HOCH,CH, (+ M)
CyHs + O, (+ M) — CoHs0, (+ M)
NO, + CH;0, (+ M) — CH30,NO, (+ M)
CH;0,NO, — CH;0, + NO,

I +NO, (+ M) — INO, (+ M)

10 + NO, (+ M) — IONO; (+ M)

Br + NO, + M — BrNO,

BrO + NO, + M — BrONO,

k=75x10"
[M] x 6 x 10°* x (T /300y
ko=2.5x 107" x (T /300)**
k=16x10"x(T/300y"
ko=7x 107" x (T /300)>¢ 2
k=15x10"x (T /300"
ko= 1.8 x 107" x (T /300)>? 2
k.=4.7x10"2x (T /300"
kr = kg / kig 2
ke =ke/ (2.1 x 1077 e(10900/T))
ko=4.5x 107" x (T / 300)" 2
k.=18x10"x(T/300)"
ko=2.2x 107" x (T /300)*° 2
k.=15x10"2x (T /300"
kr = ke / kig 2
ke = ke / (2.7 x 1077 e(llOOO/T))
ko=6.2x 107" x (T /300)" 2
k=26x10"
ko=9x 1022 x (T /300)"? 2
k=3x10"
ko=9x 102 x (T /300)" 2
k=22x10"
ko=3x 107! x (T /300)>? 2
k=15x10"
ko=9.7x 107 x (T / 300)>¢ 2
k.=93x10"x(T/300)"?
kr = kg / kig 2
ke =ke/ (9 x 102 e(14000/1'))
ko= 1.5x 102 x (T / 300)** 2,1
k=88x10"
ko=1.5x 102 x (T /300)>% 2
k=8x10"
ko=1.5x10""x (T /300)* 2
k.=6.5x 10" x (T /300)2
ke= ke / ke 2
ke =ke/ (1.3 x 1028 e(11200/T))
ko=3x 107" x (T /300)" 2
k=66x10"
Fc _ e(-T/650) + e(-2600/T)
ko=7.7x 107" x (T /300) 2
k=16x10"
F.= 04
ko=4.2x 107" x (T /300)>* 2
k.=27x10"x (T /300)°
ko=52x 107" x (T /300)>? 2
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k.=6.9x 10" x (T /300>

25.  ClO+NO,+M — CIONO, ko=1.6.2x 10> x (T /300)>*
k=15x10"
Photochemical Reactions References
J1. 05+ hv— 0, +0('D) 2,1
J2. H,0, + hv — 20H 2,1,c
13. HNO; + hv — OH + NO, 2,1c
J4. HO,NO, + hv — OH + NO; 2,1,c
J5. HONO + Av — OH + NO 2,1,c
Jé. CH;00H + hv — CH;0 + OH 2,1,c
I7. CH,0 + hv— HCO + H 2,1,¢
J8. CH,0 + hv— CO + H, 2,1,c
J9. NO, + hv—=NO + 0O 2,1,c
J10. NO; +Av—=NO, + O 2,1,c
J11. N,O5 + hv — NO, + NO; 2,1,c
J12. C,H50,H + hAv — OH + C,H50 2,1,c
J13. CH;CHO + Av — CH; + HCO 2,1,c
J15. PAN (CH3C(0)O,NO,) + hv — CH3C(0)0O, + NO, 2,1,c
J16. NO; + hv — NO + 0, 2,1,c
J117. CH;l+hv— CH; +1 2,1,c
J18. CH,l, + hv— CH,Il + 1 — CH, + 21 2,1,c
J19. CH,IBr + hv — CH,Br + 1 2,1,c
J20. L+hv—2I 2,1,c
J21. INO; + hv =1+ NO, /10 + NO 2,1,c
122. I0+hv—1+0 2,1,c
J23. OI0O+hv—1+0, 2,1,¢c
124. IONO, + hv — I + NO; 2,1,c
125, HOI + hv — 1+ OH 2,1c
J26. BrO + hv— Br+ 0O 2.1,¢
J27. Br, + hv — 2Br 2,1,c
J28. IBr+hv— Br+1 2,1,c
J29. BrCl+ hv — Br+ Cl 2,1,c
J30. BrNO; + Av — Br + NO, 2,1,c
131, BrONO, + hv — 0.7 (BrO + NO,) / 0.3 (Br + NO;) 2.1.¢
132. HOBr + hv — Br + OH 21c
J33. Clh+hv — 2CI 2,1,c
J34. ICl+ hv—1+Cl 2,1,c
135. ClO+hv—Cl+0O 2,1,c
136. HOCI + hv — Cl + OH 2,1,c
J37. CINO, + hv— Cl1+ NO, 2,1,c
138. CIONO, + hv — 0.9 (C1+ NO;) / 0.1 (CIO + NOy) 2,1,c
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Species Deposition velocities, cm s! References
HOI 1.0 5
HOBr 1.0 d
HOCI1 1.0 d
HBr 2.0 d
HCI 2.0 d
HI 1.0 5
BrONO, 1.0 d
IONO, 1.0 5
CIONO, 1.0 d
INO, 1.0 d

Units: unimolecular reactions, s"; photolysis rate constants, s'l; bimolecular reactions, cm’ molecule™ s'l;
termolecular reactions, cm® molecule™ s'l, calculated using the formalism of Sander et al. (2006), where k

=((ko [M1/(1 + ko[M]/ky)) x F."), F. = 0.6 (unless otherwise noted) and n = (1 + (log;o(ko[M1/k))>)".

60

"set as upper limit.

“absorption cross-sections taken from Atkinson et al., 2000.

65  ‘“deposition velocities estimated.

Table 2. QLL Reactions and Rate Constants

70
# Reactions Rate Constants References

1. HOI+T+ H — 1, + H,0 4.4 x 10" M2 s/(volumetric)® 6
2. I, +H,0 - HOI+T + H' 05"

3. HOI + Br + H™ — IBr + H,0 3.3 x 10" M % s™/(volumetric) 7
4. IBr + H,0 — HOI + Br + H" 8.0x10°s! 7
5. HOI + CI' + H" — ICl + H,0 2.9 x 10" M s™/(volumetric)? 8
6. IC1+H,0 - HOIL+ CI' + H' 24x10%s! 8
7. HOBr + Br + H™ — Br, + H,0 1.6 x 10'° M2 s”/(volumetric)® 9
8. Br, + H,0 — HOBr + Br + H' 9.7x10's 9
9. HOBr + CI'+ H" — BrCl + H,0 5.6 x 10° M2 s™!/(volumetric)? 10
10. BrCl + H,0 — HOBr+ Cl' + H* 1.0x10%s™! 10
11. BrCl + Br — Br,CI’ 5.0 x 10° M s™/(volumetric) 10
12. Br,Cl — BrCl + Br 28x10° s 10
13. Br,Cl — Br, + CI 3.8x10° s 10
14. Br, + CI' — Br,CI’ 5.0 x 10°M™" s/(volumetric) 10
15. BrCl + CI" — BrCly 5.0 x 10°M™" s/(volumetric) 11
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16.
17.
18.
19.
20.
21.
22.
23.

BrCl,” — BrCl + CI'

HOBr +I' — IBr + OH

HOCI + CI'+ H" — CL, + H,0
Cl, + H,0 — HOCl+ CI'+ H'
HOCI1 + Br' + H" — BrCl + H,0
BrCl + H,0 — HOCl + Br + H'
HOCl+TI'+H" — ICl + H,0
IC1 + H,0 — HOCl + I'+ H"

Table 3. Henry Constants

1.3x10°s™

5.0x10° M s'l/(volumetric)

2.2 x 10* 5%/ D M2 57!/ (volumetric)®
22 x 10! 8012/ 1

3.5 x 10" M s™/(volumetric)?

0s’

3.9 x 10 %' D M? 57! /(volumetric)?

0s!

Species Henry Constants References
10 4.5 x 10% 82T -VT) N gy 16
HOI 4.5 x 10% 82T =VT) N gy 16,17
I, 3.0 x 100 431 AT=1TO) N o4 ! 18
ICl 1.1 x 10% G600WT=VT) N gy 19
IBr 2.4 x 10" G6OWT=VT) N gyt 20
HOBr 9.3 x 10" 82T -1T0) £f gyt 16,20
Br, 7.6 x 107" 0T =VTo) £f gyt 21
BrCl 9.4 x 107" GO0 VTo) N gty 17
HOCI 6.7 x 10% 82T 1o N o4y °! 17
Cl, 9.1 x 10-% @30T VTo) Nf ay! 22

11
12
13
13
14

15
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