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P.Tans5, J.Hueber3, J.Lelieveld1,2

1 EEWRC, The Cyrpus Institute, 20 Kavafi Street, 1645 Nicosia, Cyprus
2 Air Chemistry Department, Max-Planck Institute of Chemistry, PO Box 3060,

55020 Mainz, Germany
3 Institute of Arctic and Alpine Research (INSTAAR), University of Colorado,

UCB 450, CO 80309, USA
4 Deutsches Zentrum fuer Luft- und Raumfahrt, Oberpfaffenhofen, Wessling,

Germany
5 NOAA/ESRL CMDL, R/E/CG1, 325 Broadway, Boulder, CO 80303, USA

pozzer@cyi.ac.cy

Date: 24/11/2008



2 A. Pozzer et al.: Chemical Equations

T
able

1:
R

eaction
added

to
the

M
E

C
C

A
subm

odel
in

E
M

A
C

.

re
a
c
tio

n
ra

te
c
o
e
ffic

ie
n
t

re
fe

re
n
c
e
/
n
o
te

s

O
H

+
C

4
H

1
0
→

H
C

H
O

+
0

.4
3
6
5

C
H

3
C

H
O

+
0

.4
3
6
5

P
A

+
4

.2
5
4

P
IN

K
O

2
1

.6
9
×

1
0 −

1
7
∗

T
2
∗

e
(1

4
5

/
T

)
a

,
b

C
L

+
C

4
H

1
0
→

H
C

H
O

+
0

.3
5
7
5

C
H

3
C

H
O

+
0

.3
5
7
5

P
A

+
4

.5
7

P
IN

K
O

2
2

.1
8
×

1
0 −

1
0

a
,

b

N
O

3
+

C
4
H

1
0
→

H
C

H
O

+
0

.4
3
6
5

C
H

3
C

H
O

+
0

.4
3
6
5

P
A

+
4

.2
5
2
4

P
IN

K
O

2
2

.7
6
×

1
0 −

1
2
∗

e
(−

3
2
7
9

/
T

)
c

O
H

+
IC

4
H

1
0
→

.2
0
6

P
rO

2
+

.7
9
4

C
H

3
C

O
C

H
3

+
.7

9
4

C
H

3
O

2
+

1
.2

0
6

P
IN

K
O

2
1

.1
6
×

1
0 −

1
7
∗

T
2
∗

e
(2

2
5

/
T

)
a

,
b

C
L

+
IC

4
H

1
0
→

0
.5

6
4

P
rO

2
+

0
.4

3
6

C
H

3
C

O
C

H
3

+
0

.4
3
6

C
H

3
O

2
+

1
.5

6
4

P
IN

K
O

2
1

.4
3
×

1
0 −

1
0

a
,

b

N
O

3
+

IC
4
H

1
0
→

0
.2

0
6

P
rO

2
+

0
.7

9
4

C
H

3
C

O
C

H
3

+
0

.7
9
4

C
H

3
O

2
+

1
.2

0
6

P
IN

K
O

2
1

.0
6
×

1
0 −

1
6

c

O
H

+
C

5
H

1
2
→

1
.4

7
6
5

H
C

H
O

+
0

.3
4
9

C
H

3
C

H
O

+
0

.1
7
4
5

E
tO

2
+

6
.3

0
2

P
IN

K
O

2
2

.4
4
×

1
0 −

1
7
∗

T
2
∗

e
(1

8
3

/
T

)
a

,
b

C
L

+
C

5
H

1
2
→

1
.6

7
H

C
H

O
+

0
.2

2
0

C
H

3
C

H
O

+
0

.1
1

E
tO

2
+

6
.5

6
P
IN

K
O

2
2

.8
0
×

1
0 −

1
0

a
,

b

N
O

3
+

C
5
H

1
2
→

1
.4

7
6
5

H
C

H
O

+
0

.3
4
9

C
H

3
C

H
O

+
0

.1
7
4
5

E
tO

2
+

6
.3

0
2

P
IN

K
O

2
8

.7
×

1
0 −

1
7

c

O
H

+
IC

5
H

1
2
→

0
.0

8
7

H
C

H
O

+
0

.3
8
4

C
H

3
C

H
O

+
0

.2
9
7

P
rO

2
+

0
.6

1
6

C
H

3
C

O
C

H
3

+
0

.6
1
6

E
tO

2
+

1
.4

3
5

P
IN

K
O

2
3

.7
0
×

1
0 −

1
2

a
,

b

C
L

+
IC

5
H

1
2
→

0
.4

0
8

H
C

H
O

+
0

.7
5
0

C
H

3
C

H
O

+
0

.3
4
2

P
rO

2
+

0
.2

5
0

C
H

3
C

O
C

H
3

+
0

.2
5
0

E
tO

2
+

3
.0

4
P
IN

K
O

2
2

.2
0
×

1
0 −

1
0

a
,

b

N
O

3
+

IC
5
H

1
2
→

0
.0

8
7

H
C

H
O

+
0

.3
8
4

C
H

3
C

H
O

+
0

.2
9
7

P
rO

2
+

0
.6

1
6

C
H

3
C

O
C

H
3

+
0

.6
1
6

E
tO

2
+

1
.4

3
5

P
IN

K
O

2
1

.6
2
×

1
0 −

1
6

c

P
IN

K
O

2
+

N
O
→

0
.9

5
N

O
2

+
0

.4
7
5

H
O

2
+

0
.4

7
5

P
IN

K
+

0
.0

5
P
IN

K
N

O
3

(
2

.5
4
∗

e
(3

6
0

./
T

)
+

8
.1

0
∗

e
(2

7
0

./
T

) )
×

1
0 −

1
2

/
2

h

P
IN

K
O

2
+

C
H

3
O

2
→

0
.5

H
O

2
+

0
.3

3
5

C
H

3
O

H
+

0
.6

6
5

H
C

H
O

+
0

.3
3
5

H
O

2
2

.
×

1
0 −

1
2

h

P
IN

K
O

2
+

H
O

2
→

P
IN

K
O

O
H

(
4

.3
0
∗

e
(1

0
4
0

./
T

)
+

2
.9

1
∗

e
(1

3
0
0

./
T

) )
×

1
0 −

1
3

/
2

h

P
IN

K
+

O
H
→

C
O

2
2
×

1
0 −

1
1

d

P
IN

K
+

h
v
→

H
O

2
J
-C

H
3
C

H
O

d

P
IN

K
N

O
3

+
O

H
→

N
O

2
5

.
×

1
0 −

1
2

P
IN

K
N

O
3

+
h
v
→

N
O

2
3
.7

*
J
-P

A
N

e

P
IN

K
O

O
H

+
h
v
→

O
H

+
0

.5
H

O
2

J
-C

H
3
O

O
H

f

P
IN

K
O

O
H

+
O

H
→

P
IN

K
O

2
1

.9
0
×

1
0 −

1
2
∗

e
(1

9
0

./
T

)
a

,
b

P
IN

K
O

O
H

+
O

H
→

O
H

2
.
×

1
0 −

1
1

g

a
S

a
u

n
d

ers
et

a
l.

(1
9
9
7
a
)

bS
a
u

n
d

ers
et

a
l.

(1
9
9
7
b

)
cA

tk
in

so
n

a
n

d
A

rey
(2

0
0
3
),

b
ra

n
ch

in
g

ra
tio

lik
e

th
e

O
H

rea
ctio

n
d
a
s

g
en

era
l

a
ld

eh
y
d

e
ep

h
o
to

ly
sis

sca
le

w
ith

P
A

N
p

h
o
to

ly
sis

ra
te

fp
h

o
to

ly
sis

sca
le

w
ith

C
H

3
O

O
H

p
h

o
to

ly
sis

ra
te

grep
resen

ta
tiv

e
fo

r
th

e
H

-a
b

stra
ctio

n
o
f

th
ese

p
ero

x
id

es
h
a
v
era

g
e

b
etw

een
th

e
rea

ctio
n

s
o
f

th
e

tw
o

d
iff

eren
t

p
ero

x
id

es
iso

m
ers



A. Pozzer et al.: Chemical Equations 3

Model-observation comparison

Ethane (C2H6)

Comparison of simulated and observed C2H6 mixing ratios in nmol/mol for some selected location (ordered by
latitude). The red line and the bars represent the monthly average and the standard deviation (w.r.t. time) of the
measurements in the region. No instrumental error has been included in this standard deviation. The simulated

monthly average is indicated in the black line and the corresponding simulated standard deviation (w.r.t. time) by
the dashed line.
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Propane (C3H8)

Comparison of simulated and observed C3H8 mixing ratios in nmol/mol for some selected location (ordered by
latitude). The red line and the bars represent the monthly average and the standard deviation (w.r.t. time) of the
measurements in the region. No instrumental error has been included in this standard deviation. The simulated

monthly average is indicated in the black line and the corresponding simulated standard deviation (w.r.t. time) by
the dashed line.
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Butane (C4H10)

Comparison of simulated and observed C4H10 mixing ratios in nmol/mol for some selected location (ordered by
latitude). The red line and the bars represent the monthly average and the standard deviation (w.r.t. time) of the
measurements in the region. No instrumental error has been included in this standard deviation. The simulated

monthly average is indicated in the solid line and the corresponding simulated standard deviation (with respect to
time) by the dashed line. The black and blue colors denote results from simulation E1 and E2, respectively.
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Isobutane (I−C4H10)

Comparison of simulated and observed I−C4H10 mixing ratios in nmol/mol for some selected location (ordered by
latitude). The red line and the bars represent the monthly average and the standard deviation (w.r.t. time) of the
measurements in the region. No instrumental error has been included in this standard deviation. The simulated

monthly average is indicated in the solid line and the corresponding simulated standard deviation (with respect to
time) by the dashed line. The black and blue colors denote results from simulation E1 and E2, respectively.
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Pentane (C5H12)

Comparison of simulated and observed C5H12 mixing ratios in nmol/mol for some selected location (ordered by
latitude). The red line and the bars represent the monthly average and the standard deviation (w.r.t. time) of the
measurements in the region. No instrumental error has been included in this standard deviation. The simulated

monthly average is indicated in the solid line and the corresponding simulated standard deviation (with respect to
time) by the dashed line. The black and blue colors denote results from simulation E1 and E2, respectively.
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Isopentane (I−C5H12)

Comparison of simulated and observed I−C5H12 mixing ratios in nmol/mol for some selected location (ordered by
latitude). The red line and the bars represent the monthly average and the standard deviation (w.r.t. time) of the
measurements in the region. No instrumental error has been included in this standard deviation. The simulated

monthly average is indicated in the solid line and the corresponding simulated standard deviation (with respect to
time) by the dashed line. The black and blue colors denote results from simulation E1 and E2, respectively.



A. Pozzer et al.: Chemical Equations 17



18 A. Pozzer et al.: Chemical Equations



A. Pozzer et al.: Chemical Equations 19

Acetone formation

Vertical profiles of CH3COCH3 (in pmol/mol) for some selected campaigns from Emmons et al. (2000). Asterisks
and boxes represent the average and the standard deviation (with respect to space and time) of the measurements in

the region, respectively. The simulated average is indicated by the solid line and the corresponding simulated
standard deviation with respect to time and space by the dashed lines. On the right axis the numbers of

measurements are listed. The red lines represent the simulation S1, the blue lines the simulation E2.
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