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This collection comprises a complete listing of all gas and aqueous phase species (Table 1), gas phase
(Table 2) and aqueous phase (Table 3) reaction rates, as well as rates for the heterogeneous (particle
surface) reactions (Table 4), aqueous phase equilibrium constants (Table 5), Henry constants and
accommodation coefficients (Table 6). Unless otherwise indicated, the chemical rate constants are
taken from Pechtl et al. (2006).

Table 1: Species
Gas phase

O1D, O2, O3, OH, HO2, H2O2, H2O
NO, NO2, NO3, N2O5, HONO, HNO3, HNO4, PAN, NH3

CO, CO2, CH4, C2H6, C2H4, HCHO, HCOOH, ALD, HOCH2O2,
CH3CO3, CH3O2, C2H5O2, EO2, ROOH
SO2, SO3, HOSO2, H2SO4, DMS, CH3SCH2OO, DMSO, DMSO2,
CH3S, CH3SO, CH3SO2, CH3SO3, CH3SO2H, CH3SO3H
Cl, ClO, OClO, HCl, HOCl, Cl2,
Cl2O2, ClNO2, ClONO2

Br, BrO, HBr, HOBr, Br2, BrNO2,
BrONO2, BrCl
I, IO, OIO, HI, HOI, INO2, IONO2, I2, ICl, IBr,
HIO3, CH3I, C2H5I, C3H7I, CH3ClI, CH2BrI, CH2I2
Liquid phase (neutral)

O2, O3, OH, HO2, H2O2, H2O
NO, NO2, NO3, HONO, HNO3, HNO4, NH3

CO2, HCHO, HCOOH, CH3OH, CH3OO, CH3OOH, DOM, ROOH
SO2, H2SO4, DMS, DMSO, DMSO2, CH3SO2H, CH3SO3H
Cl, HCl, HOCl, Cl2
Br, HBr, HOBr, Br2, BrCl
IO, HI, HOI, I2, ICl, IBr

Liquid phase (ions)

H+, OH−, O−2 , HO−2
NO−2 , NO−3 , NO−4 , NH+

4

HCO−3 , CO−3 , HCOO−

HSO−3 , SO2−
3 , HSO−4 , SO2−

4 , HSO−5 , SO−3 , SO−4 , SO−5 , CH3SO−3 ,
CH2OHSO−2 , CH2OHSO−3
Cl−, Cl−2 , ClO−, ClOH−

Br−, Br−2 , BrO−, BrCl−2 , Br2Cl−, BrOH−

I−, IO−2 , IO−3 , ICl−2 , IBr−2 , IClBr−
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rü

hl
an

d
C

ru
tz

en
,1

98
9;

L
an

dg
ra

fa
nd

C
ru

tz
en

,1
99

8)
,t

hi
s

m
ax

im
um

ra
te

is
th

en
si

nu
si

od
al

ly
sc

al
ed

us
in

g
th

e
in

-b
ui

lt
su

br
ou

tin
e

fr
om

K
PP

(D
am

ia
n

et
al

.,
20

02
).

2
Sp

ec
ia

lr
at

e
fu

nc
tio

ns
(p

re
ss

ur
e

an
d/

or
hu

m
id

ity
de

pe
nd

en
t)

.N
ot

es
:S

el
fd

is
so

ci
at

io
n

ra
te

s
of

N
2
O

5
an

d
H

N
O

4
ar

e
ca

lc
ul

at
ed

by
di

vi
di

ng
th

ei
rf

or
m

at
io

n
ra

te
s

(r
ea

ct
io

ns
N

9
an

d
N

6
re

sp
ec

tiv
el

y)
by

th
e

eq
ui

lib
ri

um
co

ns
ta

nt
s

gi
ve

n
in

Sa
nd

er
et

al
.(

20
06

).
C

H
3
S
C

H
3

re
ac

ts
w

ith
O

H
an

d
O

2
to

fo
rm

C
H

3
S
C

H
2
O

O
,h

ow
ev

er
th

e
se

co
nd

st
ep

of
th

is
pr

oc
es

s
(t

ha
ti

nv
ol

vi
ng

O
2
)i

s
ex

tr
em

el
y

ra
pi

d,
so

it
is

as
su

m
ed

th
at

th
e

pr
oc

es
s

is
co

nt
ro

lle
d

on
ly

by
th

e
fir

st
re

ac
tio

n
ra

te
.T

he
te

m
pe

ra
tu

re
de

pe
nd

en
ce

is
k

=
A
×

ex
p

( −E a R

( 1 T
−

1 T
0

)) ,
w

he
re
T

0
=

29
8

K
.

10



Ta
bl

e
3:

A
qu

eo
us

ph
as

e
re

ac
tio

ns

no
re

ac
tio

n
n

k
0

[(
M

1
−

n
)s
−

1
]

−
E

a
/R

[K
]

re
fe

re
nc

e

O
1

O
3

+
O

H
−→

H
O

2
2

1.
1
×

10
8

O
2

O
3

+
O
− 2
−→

O
H

+
O

H
−

2
1.

5
×

10
9

O
3

O
H

+
O

H
−→

H
2
O

2
2

5.
5
×

10
9

O
4

O
H

+
H

O
2
−→

H
2
O

2
7.

1
×

10
9

O
5

O
H

+
O
− 2
−→

O
H
−

2
1.

0
×

10
1
0

O
6

O
H

+
H

2
O

2
−→

H
O

2
2

2.
7
×

10
7

-1
68

4
O

7
H

O
2

+
H

O
2
−→

H
2
O

2
2

9.
7
×

10
5

-2
50

0

O
8

H
O

2
+

O
− 2

H
+

−→
H

2
O

2
2

1.
0
×

10
8

-9
00

N
1

H
O

N
O

+
O

H
−→

N
O

2
2

1.
0
×

10
1
0

=
N

7

N
2

H
O

N
O

+
H

2
O

2
H

+

−→
H

N
O

3
+

H
+

3
4.

6
×

10
3

-6
80

0
N

3
N

O
3

+
O

H
−
−→

N
O
− 3

+
O

H
2

8.
2
×

10
7

-2
70

0
N

4
N

O
2

+
N

O
2
−→

H
N

O
3

+
H

O
N

O
2

1.
0
×

10
8

N
5

N
O

2
+

H
O

2
−→

H
N

O
4

2
1.

8
×

10
9

N
6

N
O
− 2

+
O

3
−→

N
O
− 3

+
O

2
2

5.
0
×

10
5

-6
95

0
N

7
N

O
− 2

+
O

H
−→

N
O

2
+

O
H
−

2
1.

0
×

10
1
0

N
8

N
O
− 4
−→

N
O
− 2

+
O

2
1

8.
0
×

10
−

1

C
1

H
C

H
O

+
O

H
−→

H
C

O
O

H
+

H
O

2
2

7.
7
×

10
8

-1
02

0
C

2
H

C
O

O
H

+
O

H
−→

H
O

2
+

C
O

2
2

1.
1
×

10
8

-9
91

C
3

H
C

O
O
−

+
O

H
−→

O
H
−

+
H

O
2

+
C

O
2

2
3.

1
×

10
9

-1
24

0
C

4
C

H
3
O

O
+

H
O

2
−→

C
H

3
O

O
H

2
4.

3
×

10
5

C
5

C
H

3
O

O
+

O
− 2
−→

C
H

3
O

O
H

+
O

H
−

2
5.

0
×

10
7

C
6

C
H

3
O

H
+

O
H
−→

H
C

H
O

+
H

O
2

2
9.

7
×

10
8

C
7

C
H

3
O

O
H

+
O

H
−→

C
H

3
O

O
2

2.
7
×

10
7

-1
71

5
C

8
C

H
3
O

O
H

+
O

H
−→

H
C

H
O

+
O

H
2

1.
1
×

10
7

-1
71

5
C

9
C

O
− 3

+
O
− 2
−→

H
C

O
− 3

+
O

H
−

2
6.

5
×

10
8

C
10

C
O
− 3

+
H

2
O

2
−→

H
C

O
− 3

+
H

O
2

2
4.

3
×

10
5

C
11

C
O
− 3

+
H

C
O

O
−
−→

2
H

C
O
− 3

+
H

O
2

2
1.

5
×

10
5

C
12

H
C

O
− 3

+
O

H
−→

C
O
− 3

2
8.

5
×

10
6

C
13

D
O

M
+

O
H
−→

H
O

2
2

5.
0
×

10
9

11



Ta
bl

e
3:

C
on

tin
ue

d

no
re

ac
tio

n
n

k
0

[(
M

1
−

n
)s
−

1
]

−
E

a
/R

[K
]

re
fe

re
nc

e

S
1

S
O
− 3

+
O

2
−→

S
O
− 5

2
1.

5
×

10
9

S
2

H
S
O
− 3

+
O

3
−→

S
O

2
−

4
+

H
+

+
O

2
2

3.
7
×

10
5

-5
50

0
S

3
S
O

2
−

3
+

O
3
−→

S
O

2
−

4
+

O
2

2
1.

5
×

10
9

-5
30

0
S

4
H

S
O
− 3

+
O

H
−→

S
O
− 3

2
4.

5
×

10
9

S
5

S
O

2
−

3
+

O
H
−→

S
O
− 3

+
O

H
−

2
5.

5
×

10
9

S
6

H
S
O
− 3

+
H

O
2
−→

S
O

2
−

4
+

O
H

+
H

+
2

3.
0
×

10
3

S
7

H
S
O
− 3

+
O
− 2
−→

S
O

2
−

4
+

O
H

2
3.

0
×

10
3

S
8

H
S
O
− 3

+
H

2
O

2
−→

S
O

2
−

4
+

H
+

2
5.

2
×

10
6
×

[H
+

]
[H

+
]+

0
.1

M
-3

65
0

S
9

H
S
O
− 3

+
N

O
2

N
O

2
−→

H
S
O
− 4

+
H

O
N

O
+

H
O

N
O

2
2.

0
×

10
7

S
10

S
O

2
−

3
+

N
O

2
N

O
2

−→
S
O

2
−

4
+

H
O

N
O

+
H

O
N

O
2

2.
0
×

10
7

S
11

H
S
O
− 3

+
N

O
3
−→

S
O
− 3

+
N

O
− 3

+
H

+
2

1.
4
×

10
9

-2
00

0
S

12
H

S
O
− 3

+
H

N
O

4
−→

H
S
O
− 4

+
N

O
− 3

+
H

+
2

3.
1
×

10
5

S
13

H
S
O
− 3

+
C

H
3
O

O
H

H
+

−→
S
O

2
−

4
+

H
+

+
C

H
3
O

H
3

1.
6
×

10
7

-3
80

0

S
14

S
O

2
−

3
+

C
H

3
O

O
H

H
+

−→
S
O

2
−

4
+

C
H

3
O

H
3

1.
6
×

10
7

-3
80

0
S

15
H

S
O
− 3

+
H

C
H

O
−→

C
H

2
O

H
S
O
− 3

2
4.

3
×

10
−

1

S
16

S
O

2
−

3
+

H
C

H
O

H
+

−→
C

H
2
O

H
S
O
− 3

2
1.

4
×

10
4

S
17

C
H

2
O

H
S
O
− 3

+
O

H
−
−→

S
O

2
−

3
+

H
C

H
O

2
3.

6
×

10
3

S
18

H
S
O
− 3

+
H

S
O
− 5

H
+

−→
S
O

2
−

4
+

S
O

2
−

4
+

H
+

+
H

+
2

7.
1
×

10
6

S
19

S
O
− 4

+
O

H
−→

H
S
O
− 5

2
1.

0
×

10
9

S
20

S
O
− 4

+
H

O
2
−→

S
O

2
−

4
+

H
+

2
3.

5
×

10
9

S
21

S
O
− 4

+
O
− 2
−→

S
O

2
−

4
2

3.
5
×

10
9

=
S
20

S
22

S
O
− 4

+
H

2
O
−→

S
O

2
−

4
+

H
+

+
O

H
2

1.
1
×

10
1

-1
11

0
S

23
S
O
− 4

+
H

2
O

2
−→

S
O

2
−

4
+

H
+

+
H

O
2

2
1.

2
×

10
7

S
24

S
O
− 4

+
N

O
− 3
−→

S
O

2
−

4
+

N
O

3
2

5.
0
×

10
4

S
25

S
O
− 4

+
H

S
O
− 3
−→

S
O
− 3

+
S
O

2
−

4
+

H
+

2
8.

0
×

10
8

S
26

S
O
− 4

+
S
O

2
−

3
−→

S
O
− 3

+
S
O

2
−

4
2

4.
6
×

10
8

S
27

S
O

2
−

4
+

N
O

3
−→

N
O
− 3

+
S
O
− 4

2
1.

0
×

10
5

S
28

S
O
− 5

+
H

S
O
− 3
−→

S
O
− 4

+
S
O

2
−

4
+

H
+

2
7.

5
×

10
4

12



Ta
bl

e
3:

C
on

tin
ue

d

no
re

ac
tio

n
n

k
0

[(
M

1
−

n
)s
−

1
]

−
E

a
/R

[K
]

re
fe

re
nc

e

S
29

S
O
− 5

+
S
O

2
−

3
−→

S
O
− 4

+
S
O

2
−

4
2

9.
4
×

10
6

S
30

S
O
− 5

+
H

S
O
− 3
−→

S
O
− 3

+
H

S
O
− 5

2
2.

5
×

10
4

S
31

S
O
− 5

+
S
O

2
−

3
H

+

−→
S
O
− 3

+
H

S
O
− 5

2
3.

6
×

10
6

S
32

S
O
− 5

+
O
− 2

H
+

−→
H

S
O
− 5

+
O

2
2

2.
3
×

10
8

S
33

S
O
− 5

+
S
O
− 5
−→

2
S
O
− 4

2
1.

0
×

10
8

S
34

D
M

S
+

O
3
−→

O
2

+
D

M
S
O

2
8.

6
×

10
8

-2
60

0
S

35
D

M
S

+
O

H
−→

0.
5

C
H

3
S
O
− 3

+
0.

5
C

H
3
O

O
2

1.
9
×

10
1
0

+
0.

5
H

S
O
− 4

+
H

C
H

O
+

H
+

S
36

D
M

S
O

+
O

H
−→

C
H

3
S
O
− 2

+
C

H
3
O

O
+

H
+

2
4.

5
×

10
9

S
37

C
H

3
S
O
− 2

+
O

H
−→

C
H

3
S
O
− 3

+
H

2
O

+
O

2
2

1.
2
×

10
1
0

S
38

C
H

3
S
O
− 3

+
O

H
−→

S
O

2
−

4
+

H
+

+
C

H
3
O

O
2

1.
2
×

10
7

C
l1

C
l+

H
2
O

2
−→

H
O

2
+

C
l−

+
H

+
2

2.
0
×

10
9

C
l2

C
l+

H
2
O
−→

H
+

+
C

lO
H
−

2
1.

8
×

10
5

C
l3

C
l+

N
O
− 3
−→

N
O

3
+

C
l−

2
1.

0
×

10
8

C
l4

C
l+

D
O

M
−→

C
l−

+
H

O
2

2
5.

0
×

10
9

C
l5

C
l+

S
O

2
−

4
−→

S
O
− 4

+
C

l−
2

2.
1
×

10
8

C
l6

C
l+

C
l
−→

C
l 2

2
8.

8
×

10
7

C
l7

C
l−

+
O

H
−→

C
lO

H
−

2
4.

2
×

10
9

C
l8

C
l−

+
O

3
−→

C
lO
−

+
O

2
2

3.
0
×

10
−

3

C
l9

C
l−

+
N

O
3
−→

N
O
− 3

+
C

l
2

9.
3
×

10
6

-4
33

0
C

l1
0

C
l−

+
S
O
− 4
−→

S
O

2
−

4
+

C
l

2
2.

5
×

10
8

C
l1

1
C

l−
+

H
S
O
− 5
−→

H
O

C
l+

S
O

2
−

4
2

1.
8
×

10
−

3
-7

35
2

C
l1

2
C

l−
+

H
O

C
l+

H
+
−→

C
l 2

3
2.

2
×

10
4

-3
50

8
C

l1
3

C
l 2
−→

C
l−

+
H

O
C

l+
H

+
1

2.
2
×

10
1

-8
01

2
C

l1
4

C
l− 2

+
O

H
−→

H
O

C
l+

C
l−

2
1.

0
×

10
9

C
l1

5
C

l− 2
+

O
H
−
−→

C
l−

+
C

l−
+

O
H

2
4.

0
×

10
6

C
l1

6
C

l− 2
+

H
O

2
−→

C
l−

+
C

l−
+

H
+

+
O

2
2

3.
1
×

10
9

C
l1

7
C

l− 2
+

O
− 2
−→

C
l−

+
C

l−
+

O
2

2
6.

0
×

10
9

C
l1

8
C

l− 2
+

H
2
O

2
−→

C
l−

+
C

l−
+

H
+

+
H

O
2

2
7.

0
×

10
5

-3
34

0
C

l1
9

C
l− 2

+
N

O
− 2
−→

C
l−

+
C

l−
+

N
O

2
2

6.
0
×

10
7

13



Ta
bl

e
3:

C
on

tin
ue

d

no
re

ac
tio

n
n

k
0

[(
M

1
−

n
)s
−

1
]

−
E

a
/R

[K
]

re
fe

re
nc

e
C

l2
0

C
l− 2

+
C

H
3
O

O
H
−→

C
l−

+
C

l−
+

H
+

+
C

H
3
O

O
2

7.
0
×

10
5

-3
34

0
C

l2
1

C
l− 2

+
D

O
M
−→

C
l−

+
C

l−
+

H
O

2
2

1.
0
×

10
6

C
l2

2
C

l− 2
+

H
S
O
− 3
−→

S
O
− 3

+
C

l−
+

C
l−

+
H

+
2

4.
7
×

10
8

-1
08

2
C

l2
3

C
l− 2

+
S
O

2
−

3
−→

S
O
− 3

+
C

l−
+

C
l−

2
6.

2
×

10
7

C
l2

4
C

l− 2
+

C
l− 2
−→

C
l 2

+
2

C
l−

2
6.

2
×

10
9

C
l2

5
C

l− 2
+

C
l
−→

C
l−

+
C

l 2
2

2.
7
×

10
9

C
l2

6
C

l− 2
+

D
M

S
−→

0.
5

C
H

3
S
O
− 3

+
0.

5
C

H
3
O

O
+

0.
5

H
S
O
− 4

2
3.

0
×

10
9

+
H

C
H

O
+

2
C

l−
+

2
H

+

C
l2

7
C

lO
H
−
−→

C
l−

+
O

H
1

6.
0
×

10
9

C
l2

8
C

lO
H
−

+
H

+
−→

C
l

2
4.

0
×

10
1
0

C
l2

9
H

O
C

l+
H

O
2
−→

C
l+

O
2

2
7.

5
×

10
6

=
C

l3
0

C
l3

0
H

O
C

l+
O
− 2
−→

C
l+

O
H
−

+
O

2
2

7.
5
×

10
6

C
l3

1
H

O
C

l+
S
O

2
−

3
−→

C
l−

+
H

S
O
− 4

2
7.

6
×

10
8

C
l3

2
H

O
C

l+
H

S
O
− 3
−→

C
l−

+
H

S
O
− 4

+
H

+
2

7.
6
×

10
8

=
C

l3
1

C
l3

3
C

l 2
+

H
O

2
−→

C
l− 2

+
H

+
+

O
2

2
1.

0
×

10
9

C
l3

4
C

l 2
+

O
− 2
−→

C
l− 2

+
O

2
2

1.
0
×

10
9

=
C

l3
3

B
r1

B
r

+
O

H
−
−→

B
rO

H
−

2
1.

3
×

10
1
0

B
r2

B
r

+
D

O
M
−→

B
r−

+
H

O
2

2
2.

0
×

10
8

B
r3

B
r−

+
O

H
−→

B
rO

H
−

2
1.

1
×

10
1
0

B
r4

B
r−

+
O

3
−→

B
rO

−
2

2.
1
×

10
2

-4
45

0
B

r5
B

r−
+

N
O

3
−→

B
r

+
N

O
− 3

2
3.

8
×

10
9

B
r6

B
r−

+
S
O
− 4
−→

B
r

+
S
O

2
−

4
2

2.
1
×

10
9

B
r7

B
r−

+
H

S
O
− 5
−→

H
O

B
r

+
S
O

2
−

4
2

1.
0

-5
33

8
B

r8
B

r−
+

H
O

B
r

+
H

+
−→

B
r 2

3
1.

6
×

10
1
0

B
r9

B
r 2
−→

B
r−

+
H

O
B

r
+

H
+

1
9.

7
×

10
1

74
57

B
r1

0
B

r− 2
+

O
− 2
−→

B
r−

+
B

r−
2

1.
7
×

10
8

B
r1

1
B

r− 2
+

H
O

2
−→

B
r 2

+
H

2
O

2
−

H
+

2
4.

4
×

10
9

B
r1

2
B

r− 2
+

H
2
O

2
−→

B
r−

+
B

r−
+

H
+

+
H

O
2

2
5.

0
×

10
2

B
r1

3
B

r− 2
+

B
r− 2
−→

B
r−

+
B

r−
+

B
r 2

1
1.

9
×

10
9

B
r1

4
B

r− 2
+

C
H

3
O

O
H
−→

B
r−

+
B

r−
+

H
+

+
C

H
3
O

O
2

1.
0
×

10
5

14



Ta
bl

e
3:

C
on

tin
ue

d

no
re

ac
tio

n
n

k
0

[(
M

1
−

n
)s
−

1
]

−
E

a
/R

[K
]

re
fe

re
nc

e
B

r1
5

B
r− 2

+
D

O
M
−→

B
r−

+
B

r−
+

H
O

2
2

1.
0
×

10
5

B
r1

6
B

r− 2
+

N
O
− 2
−→

B
r−

+
B

r−
+

N
O

2
2

1.
7
×

10
7

-1
72

0
B

r1
7

B
r− 2

+
H

S
O
− 3
−→

B
r−

+
B

r−
+

H
+

+
S
O
− 3

2
6.

3
×

10
7

-7
82

B
r1

8
B

r− 2
+

S
O

2
−

3
−→

B
r−

+
B

r−
+

S
O
− 3

2
2.

2
×

10
8

-6
50

B
r1

9
B

r− 2
+

D
M

S
−→

0.
5

C
H

3
S
O
− 3

+
0.

5
C

H
3
O

O
+

0.
5

H
S
O
− 4

2
3.

2
×

10
9

+
H

C
H

O
+

2
B

r−
+

2
H

+

B
r2

0
B

rO
H
−
−→

B
r−

+
O

H
1

3.
3
×

10
7

B
r2

1
B

rO
H
−
−→

B
r

+
O

H
−

1
4.

2
×

10
6

B
r2

2
B

rO
H
−

+
H

+
−→

B
r

2
4.

4
×

10
1
0

B
r2

3
B

rO
H
−

+
B

r−
−→

B
r− 2

+
O

H
−

2
1.

9
×

10
8

B
r2

4
B

rO
−

+
S
O

2
−

3
−→

B
r−

+
S
O

2
−

4
2

1.
0
×

10
8

B
r2

5
H

O
B

r
+

H
O

2
−→

B
r

+
O

2
2

1.
0
×

10
9

B
r2

6
H

O
B

r
+

O
− 2
−→

B
r

+
O

H
−

+
O

2
2

3.
5
×

10
9

B
r2

7
H

O
B

r
+

H
2
O

2
−→

B
r−

+
H

+
+

O
2

2
1.

2
×

10
6

B
r2

8
H

O
B

r
+

S
O

2
−

3
−→

B
r−

+
H

S
O
− 4

2
5.

0
×

10
9

B
r2

9
H

O
B

r
+

H
S
O
− 3
−→

B
r−

+
H

S
O
− 4

+
H

+
2

5.
0
×

10
9

=
B

r2
8

B
r3

0
B

r 2
+

H
O

2
−→

B
r− 2

+
H

+
+

O
2

2
1.

1
×

10
8

B
r3

1
B

r 2
+

O
− 2
−→

B
r− 2

+
O

2
2

5.
6
×

10
9

I1
H

O
I

+
I−

+
H

+
−→

I 2
3

4.
4
×

10
1
2

I2
H

O
I

+
C

l−
+

H
+
−→

IC
l

3
2.

9
×

10
1
0

I3
IC

l
−→

H
O

I
+

C
l−

+
H

+
1

2.
4
×

10
6

I4
H

O
I

+
B

r−
+

H
+
−→

IB
r

3
3.

3
×

10
1
2

I5
IB

r
−→

H
O

I
+

H
+

+
B

r−
1

8.
0
×

10
5

I6
H

O
C

l+
I−

+
H

+
−→

IC
l

3
3.

5
×

10
1
1

I7
H

O
B

r
+

I−
−→

IB
r

+
O

H
−

2
5.

0
×

10
9

I8
IO

− 2
+

H
2
O

2
−→

IO
− 3

2
6.

0
×

10
1

I9
IO

+
IO
−→

H
O

I
+

IO
− 2

+
H

+
2

1.
5
×

10
9

I1
0

I−
+

O
3

H
+

−→
H

O
I

2
4.

2
×

10
9

-9
31

1
I1

1
H

O
I

+
C

l 2
−→

IO
− 2

+
2

C
l−

+
3

H
+

2
1.

0
×

10
6

I1
2

H
O

I
+

H
O

C
l
−→

IO
− 2

+
C

l−
+

2
H

+
2

5.
0
×

10
5

15



Ta
bl

e
3:

C
on

tin
ue

d

no
re

ac
tio

n
n

k
0

[(
M

1
−

n
)s
−

1
]

−
E

a
/R

[K
]

re
fe

re
nc

e
I1

3
H

O
I

+
H

O
B

r
−→

IO
− 2

+
B

r−
+

2
H

+
2

1.
0
×

10
6

I1
4

IO
− 2

+
H

O
C

l
−→

IO
− 3

+
C

l−
+

H
+

2
1.

5
×

10
3

I1
5

IO
− 2

+
H

O
B

r
−→

IO
− 3

+
B

r−
+

H
+

2
1.

0
×

10
6

I1
6

IO
− 2

+
H

O
I
−→

IO
− 3

+
I−

+
H

+
2

6.
0
×

10
2

I1
7

I 2
+

H
S
O
− 3
−→

2
I−

+
H

S
O
− 4

+
2

H
+

2
1.

0
×

10
6

H
x

1
B

r−
+

H
O

C
l+

H
+
−→

B
rC

l
3

1.
3
×

10
6

H
x

2
C

l−
+

H
O

B
r

+
H

+
−→

B
rC

l
3

2.
3
×

10
1
0

H
x

3
B

rC
l
−→

C
l−

+
H

O
B

r
+

H
+

1
3.

0
×

10
6

H
x

4
B

r−
+

C
lO
−

+
H

+
−→

B
rC

l+
O

H
−

3
3.

7
×

10
1
0

H
x

5
C

l 2
+

B
r−
−→

B
rC

l− 2
2

7.
7
×

10
9

H
x

6
B

rC
l− 2
−→

C
l 2

+
B

r−
1

1.
83
×

10
3

hv
1

O
3
+
h
v
−→

O
H

+
O

H
+

O
2

1
1

as
su

m
ed

2×
ga

s
ph

as
e

hv
2

H
2
O

2
+
h
v
−→

O
H

+
O

H
1

1
as

su
m

ed
2×

ga
s

ph
as

e

hv
3

N
O
− 3

+
h
v

H
+

−→
N

O
2

+
O

H
1

1

hv
4

N
O
− 2

+
h
v

H
+

−→
N

O
+

O
H

1
1

hv
5

H
O

C
l+
h
v
−→

O
H

+
C

l
1

1
as

su
m

ed
2×

ga
s

ph
as

e
hv

6
C

l 2
+
h
v
−→

C
l+

C
l

1
1

as
su

m
ed

2×
ga

s
ph

as
e

hv
7

H
O

B
r+
h
v
−→

O
H

+
B

r
1

1
as

su
m

ed
2×

ga
s

ph
as

e
hv

8
B

r 2
+
h
v
−→

B
r

+
B

r
1

1
as

su
m

ed
2×

ga
s

ph
as

e
hv

9
B

rC
l+
h
v
−→

C
l+

B
r

1
1

as
su

m
ed

2×
ga

s
ph

as
e

n
is

th
e

or
de

ro
ft

he
re

ac
tio

n.
T

he
te

m
pe

ra
tu

re
de

pe
nd

en
ce

is
k

=
k

0
×

ex
p

( −E a R

( 1 T
−

1 T
0

)) ,w
he

re
T

0
=

29
8

K
.

16



Ta
bl

e
4:

H
et

er
og

en
eo

us
re

ac
tio

ns

no
re

ac
tio

n
k

re
fe

re
nc

e

H
1

N
2
O

5
H

2
O
−→

H
N

O
3
a
q

+
H

N
O

3
a
q

k
t(

N
2
O

5
)w

l,
i[

H
2
O

]/
H

et
T

H
2

N
2
O

5
C

l−
−→

C
lN

O
2

+
N

O
− 3

k
t(

N
2
O

5
)w

l,
if

(C
l−

)[
C

l−
]/

H
et

T

H
3

N
2
O

5
B

r− −→
B

rN
O

2
+

N
O
− 3

k
t(

N
2
O

5
)w

l,
if

(B
r−

)[
B

r−
]/

H
et

T

H
4

C
lO

N
O

2
H

2
O
−→

H
O

C
l a

q
+

H
N

O
3
a
q

k
t(

C
lO

N
O

2
)w

l,
i[

H
2
O

]/
H

et
T

se
e

no
te

H
5

C
lO

N
O

2
C

l−
−→

C
l 2

a
q

+
N

O
− 3

k
t(

C
lO

N
O

2
)w

l,
i(

C
l−

)[
C

l−
]/

H
et

T
se

e
no

te

H
6

C
lO

N
O

2
B

r− −→
B

rC
l a

q
+

N
O
− 3

k
t(

C
lO

N
O

2
)w

l,
i(

B
r−

)[
B

r−
]/

H
et

T
se

e
no

te
H

7
B

rO
N

O
2

H
2
O
−→

H
O

B
r a

q
+

H
N

O
3
a
q

k
t(

B
rO

N
O

2
)w

l,
i[

H
2
O

]/
H

et
T

se
e

no
te

H
8

B
rO

N
O

2
C

l−
−→

B
rC

l a
q

+
N

O
− 3

k
t(

B
rO

N
O

2
)w

l,
i(

C
l−

)[
C

l−
]/

H
et

T
se

e
no

te

H
9

B
rO

N
O

2
B

r− −→
B

r 2
a
q

+
N

O
− 3

k
t(

B
rO

N
O

2
)w

l,
i(

B
r−

)[
B

r−
]/

H
et

T
se

e
no

te
H

10
IO

N
O

2
H

2
O
−→

H
O

I a
q

+
H

N
O

3
a
q

k
t(

IO
N

O
2
)w

l,
i

H
11

H
I

H
2
O
−→

H
+

+
I−

k
t(

H
I)
w

l,
i

H
12

IN
O

2
H

2
O
−→

H
O

I a
q

+
H

O
N

O
a
q

k
t(

IN
O

2
)w

l,
i

H
13

O
IO

H
2
O
−→

H
O

I a
q

+
H

O
2
a
q

k
t(

H
2
O

)w
l,
i

H
14

H
IO

3
H

2
O
−→

IO
− 3

+
H

+
k

t(
H

IO
3
)w

l,
i

Fo
ra

de
fin

iti
on

of
k

t
an

d
w

l,
i

se
e

Sa
nd

er
(1

99
9)

.H
et

T
=

[H
2
O

]+
f

(C
l−

)[
C

l−
]+

f
(B

r−
)[

B
r−

],
w

ith
f

(C
l−

)
=

5.
0
×

10
2

an
d
f

(B
r−

)
=

3.
0
×

10
5
.H

4–
H

9:
th

e
to

ta
lr

at
e

is
de

te
rm

in
ed

by
k

t,
th

e
di

st
ri

bu
tio

n
am

on
g

th
e

di
ff

er
en

tr
ea

ct
io

n
pa

th
s

w
as

as
su

m
ed

to
be

th
e

sa
m

e
as

fo
rr

ea
ct

io
ns

H
1–

H
3.

17



Ta
bl

e
5:

A
qu

eo
us

ph
as

e
eq

ui
lib

ri
um

co
ns

ta
nt

s

no
re

ac
tio

n
m

n
K

0
[M

n
−

m
]
−

∆
H
/R

[K
]

re
fe

re
nc

e
E

Q
1

C
O

2
a
q
⇀ ↽

H
+

+
H

C
O
− 3

1
2

4.
3
×

10
−

7
-9

13
E

Q
2

N
H

3
a
q
⇀ ↽

O
H
−

+
N

H
+ 4

1
2

1.
7
×

10
−

5
-4

32
5

E
Q

3
H

2
O

a
q
⇀ ↽

H
+

+
O

H
−

1
2

1.
0
×

10
−

1
4

-6
71

6
E

Q
4

H
C

O
O

H
a
q
⇀ ↽

H
+

+
H

C
O

O
−

1
2

1.
8
×

10
−

4

E
Q

5
H

S
O
− 3
⇀ ↽

H
+

+
S
O

2
−

3
1

2
6.

0
×

10
−

8
11

20
E

Q
6

H
2
S
O

4
a
q
⇀ ↽

H
+

+
H

S
O
− 4

1
2

1.
0
×

10
3

E
Q

7
H

S
O
− 4
⇀ ↽

H
+

+
S
O

2
−

4
1

2
1.

2
×

10
−

2
11

20
E

Q
8

H
O

2
a
q
⇀ ↽

O
− 2

+
H

+
1

2
1.

6
×

10
−

5

E
Q

9
S
O

2
a
q
⇀ ↽

H
+

+
H

S
O
− 3

1
2

1.
7
×

10
−

2
20

90
E

Q
10

C
l− 2
⇀ ↽

C
l a

q
+

C
l+

1
2

5.
2
×

10
−

6

E
Q

11
H

O
C

l a
q
⇀ ↽

H
+

+
C

lO
−

1
2

3.
2
×

10
−

8

E
Q

12
H

B
r a

q
⇀ ↽

H
+

+
B

r−
1

2
1.

0
×

10
9

E
Q

13
B

r− 2
⇀ ↽

B
r a

q
+

B
r−

1
2

9.
1
×

10
−

6

E
Q

14
H

O
B

r a
q
⇀ ↽

H
+

+
B

rO
−

1
2

2.
3
×

10
−

9
-3

09
1

E
Q

15
B

rC
l a

q
+

C
l−
⇀ ↽

B
rC

l− 2
2

1
3.

8
11

43
E

Q
16

B
rC

l a
q

+
B

r−
⇀ ↽

B
r 2

C
l−

2
1

1.
8
×

10
4

E
Q

17
B

r 2
a
q

+
C

l−
⇀ ↽

B
r 2

C
l−

2
1

1.
3

E
Q

18
H

N
O

3
a
q
⇀ ↽

H
+

+
N

O
− 3

1
2

1.
5
×

10
1

E
Q

19
H

C
l a

q
⇀ ↽

H
+

+
C

l−
1

2
1.

7
×

10
6

E
Q

20
H

O
N

O
a
q
⇀ ↽

H
+

+
N

O
− 2

1
2

5.
1
×

10
−

4
-1

26
0

E
Q

21
H

N
O

4
a
q
⇀ ↽

N
O
− 4

+
H

+
1

2
1.

0
×

10
−

5
87

00
E

Q
22

IC
l a

q
+

C
l−
⇀ ↽

IC
l− 2

2
1

7.
7
×

10
1

E
Q

23
IB

r a
q

+
B

r−
⇀ ↽

IB
r− 2

2
1

2.
9
×

10
2

E
Q

24
IC

l a
q

+
B

r−
⇀ ↽

IC
lB

r−
2

1
1.

8
×

10
4

as
su

m
ed

=
E

Q
16

E
Q

25
IB

r a
q

+
C

l−
⇀ ↽

IC
lB

r−
2

1
1.

3
as

su
m

ed
=

E
Q

17

T
he

te
m

pe
ra

tu
re

de
pe

nd
en

ce
is
K

=
K

0
×

ex
p

( −E a R

( 1 T
−

1 T
0

)) ,w
he

re
T

0
=

29
8

K
.

18



Ta
bl

e
6:

H
en

ry
L

aw
co

ef
fic

ie
nt

s

sp
ec

ie
s

K
0 H

[M
/a

tm
]
−

∆
so

ln
H
/R

[K
]

re
fe

re
nc

e
α

0
re

fe
re

nc
e

O
3

1.
2
×

10
−

2
25

60
0.

00
2

O
2

1.
3
×

10
−

3
15

00
0.

01
es

tim
at

ed
by

Pe
ch

tl
et

al
.(

20
06

)
O

H
3.

0
×

10
1

43
00

0.
01

H
O

2
3.

9
×

10
3

59
00

0.
2

H
2
O

2
1.

0
×

10
5

63
38

0.
07

7
N

O
2

6.
4
×

10
−

3
25

00
0.

00
15

N
O

3
2.

0
20

00
0.

04
N

2
O

5
∞

—
0.

03
B

eh
nk

e
et

al
.(

19
97

),
se

e
no

te
0.

00
3

es
tim

at
ed

by
A

lla
n

et
al

.(
19

99
),

se
e

no
te

H
O

N
O

4.
9
×

10
1

47
80

0.
04

H
N

O
3

1.
7
×

10
5

86
94

0.
5

H
N

O
4

1.
2
×

10
4

69
00

0.
1

N
H

3
5.

8
×

10
1

40
85

0.
06

C
H

3
O

O
6.

0
=

H
O

2
0.

01
es

tim
at

ed
by

Pe
ch

tl
et

al
.(

20
06

)
R

O
O

H
3.

0
×

10
2

53
22

0.
00

46
H

C
H

O
7.

0
×

10
3

64
25

0.
04

H
C

O
O

H
3.

7
×

10
3

57
00

0.
01

4
C

O
2

3.
1
×

10
−

2
24

23
0.

01
es

tim
at

ed
by

Pe
ch

tl
et

al
.(

20
06

)
H

C
l

1.
2

90
01

0.
07

4
H

O
C

l
6.

7
×

10
2

58
62

=
H

O
B

r
es

tim
at

ed
by

Pe
ch

tl
et

al
.(

20
06

)
C

lO
N

O
2

∞
—

0.
1

C
l 2

9.
1
×

10
−

2
25

00
0.

03
8

H
B

r
1.

3
10

23
9

0.
03

1
H

O
B

r
9.

3
×

10
1

=
H

O
C

l
0.

5
B

rO
N

O
2
∞

—
0.

8
B

r 2
7.

6
×

10
−

1
40

94
0.

03
8

B
rC

l
9.

4
×

10
−

1
56

00
=

C
l 2

es
tim

at
ed

by
Pe

ch
tl

et
al

.(
20

06
)

D
M

S
O

5.
0
×

10
4

=
H

C
H

O
0.

04
8

D
M

S
O

2
∞

—
as

su
m

ed
by

Pe
ch

tl
et

al
.(

20
06

)
0.

03
S
O

2
1.

2
31

20
0.

11

19



Ta
bl

e
6:

C
on

tin
ue

d

sp
ec

ie
s

K
0 H

[M
/a

tm
]
−

∆
so

ln
H
/R

[K
]

re
fe

re
nc

e
α

0
re

fe
re

nc
e

H
2
S
O

4
∞

—
0.

65
C

H
3
S
O

2
H
∞

—
as

su
m

ed
by

Pe
ch

tl
et

al
.(

20
06

)
0.

00
02

C
H

3
S
O

3
H
∞

—
as

su
m

ed
by

Pe
ch

tl
et

al
.(

20
06

)
0.

07
6

H
I

∞
—

0.
03

6
IO

4.
5
×

10
2

=
H

O
I

0.
5

H
O

I
4.

5
×

10
2

=
H

O
C

l
H

O
B

r
es

tim
at

ed
by

Pe
ch

tl
et

al
.(

20
06

)
IN

O
2

∞
—

0.
2

IO
N

O
2

∞
—

0.
2

I 2
3.

0
44

31
0.

01
IC

l
1.

1
×

10
2

=
B

rC
l

0.
01

IB
r

2.
4
×

10
1

=
B

rC
l

0.
01

O
IO

∞
—

1
es

tim
at

ed
by

Pe
ch

tl
et

al
.(

20
06

)
H

IO
3

∞
—

0.
01

es
tim

at
ed

by
Pe

ch
tl

et
al

.(
20

06
)

T
he

te
m

pe
ra

tu
re

de
pe

nd
en

ce
fo

rt
he

H
en

ry
L

aw
co

ns
ta

nt
s

is
K

H
=
K

0 H
×

ex
p

( −∆ s
o
ln

H
R

( 1 T
−

1 T
0

)) ,w
he

re
T

0
=

29
8

K
.

N
o

te
m

pe
ra

tu
re

de
pe

nd
en

ce
is

co
ns

id
er

ed
fo

ra
cc

om
m

od
at

io
n

co
ef

fic
ie

nt
s.

N
ot

es
:T

he
ac

co
m

m
od

at
io

n
co

ef
fic

ie
nt

fo
rN

2
O

5
is

de
te

rm
in

ed
ba

se
d

on
th

e
co

m
po

si
tio

n
of

th
e

co
nd

en
se

d-
ph

as
e.

Fo
rt

he
se

as
al

tm
od

e
a

va
lu

e
of

0.
03

is
us

ed
(B

eh
nk

e
et

al
.,

19
97

),
w

hi
le

th
e

lo
w

er
va

lu
e

of
0.

00
3

is
us

ed
fo

rt
he

no
n-

se
as

al
tm

od
e

(a
ft

er
es

tim
at

io
ns

m
ad

e
by

A
lla

n
et

al
.,

19
99

).

20



References

Allan, B. J., Carslaw, N., Coe, H., Burgess, R. A., and Plane, J. M. C.: Observations of the Nitrate
Radical in the Marine Boundary Layer, Journal of Atmospheric Chemistry, 33, 129–154, 1999.

Atkison, R., Cox, R. A., Crowley, J. N., R. F. Hampson, J., Hynes, R. G., Jenkin, M. E., Kerr, J. A.,
Rossi, M. J., and Troe, J.: Summary of Evaluated Kinetic and Photochemical Data for Atmospheric
Chemistry, URL http://www.iupac-kinetic.ch.cam.ac.uk, 2006.

Behnke, W., George, C., Scheer, V., and Zetzsch, C.: Production and decay of ClNO2 from the reac-
tion of gaseous N2O5 with NaCl solution: Bulk and aerosol experiments, Journal of Geophysical
Research, 102, 3795–3804, 1997.
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