Contents

1 Introduction
1.1 Ozone . .. .. ... . .. ...
1.2 Ozone Precursor Species . . . . .. .. .. ... ... ......
1.3 Isoprene . . . .. . . . ...
1.4 Peroxyacyl Nitrates . . . . . . . . . .. ... ... ...
1.5 Chemical Weather Forecast . . .. ... .. ... .. ... ...
1.6 Chamber Experiments . . . . ... .. ... ... ... ... .
1.7 AimofthisThesis . ... .. ... .. ... ... ... .....
2 Theory
2.1 GasPhase Chemistry . . . .. ... .. ... ... ........
2.1.1 Tropospheric Ozone Production . . . ... ... ... . .
2.1.2 Chemical Regimes . .. ... ... ... .. .......
2.2 Chemical Mechanisms . . . .. ... ... ... ... ... ...
2.3 Numerical Solving . . . . . .. ... ... ... .. ... ...
3 Experimentals
3.1 The SAPHIR Chamber . . . . . ... ... ... ... .......
3.1.1 Dilution . . ... ... oL
312 HONOSource . .. ... ... ... ... ... ...
313 HCHOSource . . . ... .. ... ... ... ...
3.1.4 Background Reactivity . . . . ... ... ... ... ..
3.1.5 Other Sources . . . ... ... ... ... .. ......
3.1.6 Depositionat the Walls . . ... ... ... ... . . .
3.2 Instrumentation . . . . .. ... ... L.
3.2.1 QOzone Measurements . . . . . . .. ... ... ......
322 Reactive Species . . . . .. ... ... L.
3.2.3 Volatile Organic Compounds . . . . . . ... ... ... .
324 NOySpecies . . . .. ... ... ...
3.2.5 Photolysis Frequencies . . . . . ... ... ... ... ..
3.2.6 Meteorological Conditions . . . . . ... ... ... ...
4 Ozone Production Due to Isoprene Degradation
4.1 Fully Time Dependent MCM Model Runs . . . . ... ... ..
411 Results. . ... ... ... ... .. ... ...
4.1.2 Discussion . . . . . . . oo
4.2 First Degradation Step Approach . . . . . ... ... .. .. ..

13
13
14
19
20
23

25
25
28
28
29
36
36

Q7
{

37
39
39
41
42
43
44

47
19
51
55
58



4.2.1 Used Method
422 Results. . . . . . . . e e e
4.2.3 Discussion
4.3 OH Lifetime
4.3.1 Idea . . . . . e e e e
43.2 UsedMethod . ... ... ... .. .. ... ...
4.3.3 Results and Discussion
4.4 Conclusion

Methacrolein Degradation Studies
5.1 OH Induced MACR Degradation
5.1.1 Used MCM Model
5.1.2  QObservations
51.3 Results. . . . . . .. .. . . .
5.2 Photolysis and Ozonolysis of MACR
5.2.1 Used Models
522 Results. . . ... .. .. ..
5.3 NOj; Induced MACR Degradation
5.3.1 Used Models
5.3.2 Results
5.4 Conclusion

Résumé and Qutlook

Used Gas Phase Chemistry Mechanisms

Al Function Definitions . . . . ... ... ... ... ........
A.2 Default Settings and MCM Constants
A3 Inorganic Section . . ... ... ... .. ... ... ... ...
A4 MCM Isoprene Subset . . . ... ... ..............

A.41 Chamber-Features in the Isoprene MCM Model

Tables of Analyzed Experiments

C Statistics

103

107
107
108
109
110
122

127

129



List of Figures

1.1
1.2
1.3

2.1
22
2.3
24

3.1
3.2
3.3
3.4

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
4.11
4.12

4.13
4.14

Picture of ozone injury of a Salix caprea leaf . . . . . .. . . ..
Graphic formulas of some biogenic VOCs . . . . . .. ... ...
Role of Chamber Experiments in Atmospheric Chemistry . . . .

Ozonenulleyele . . . .. ... o o oL
Ideal ozone production cyele . . . . . . ... ...
Chain terminating reactions . . . . . ... .. ... .......
QOzone production isopleths plot . . . . . . ... . .. .. ...,

Picture of the SAPHIR chamber . . . . . . ... ... ... ...
Water dependence of the SAPHIR HCHO source . . . ... ..
Changes of the SAPHIR HCHO source over time . . . . .. ..
Other sources of trace gases found during the standard experi-

ment at the 31st Aug 2006 . . . . .. .. ... ... ... ... ..

O, fitting lines at GC sampling times . . . . . . ... ... ...
Fully time dependent isoprene model run . . . . . . . .. .. ..
Correlations of the net O, productions between measurements
and fully time dependent model runs . . . . . . ... ... ...
Correlations for measured vs. modelled VOC concentrations for
Sep 2005 experiments . . . . . ... .. ... L.
Variation of amplifving factors over time . . . . . .. . .. ...
“Decision tree” for the determination of amplifving factors

Time series of fitted versus first-degradation-step approach de-
rived O, production on 15th of May 2006 . . . . .. . .. .. . .
Comparison of fitted and FDS calculated O, production for ex-
periments between Sep 2005 and June 2006 . . . . . . . . . . ..
Methacrolein degradation induced by OH as proposed by the
MCM ..
Time series of defining parameters for the integrated amplifving
factor . . ... ..o,
Correlation between the net O, production and the OH loss rate
for all experiments . . . . . ... ... ...,
Averaged OH loss rate times amplifying factor over mean net
Oy production . . . . .. .. ... o
Roundoff errors occurring in Foy calculation . . . . . . .. . ..
Dependencies of the integrated amplifying factor Foy . . . . . .

19
21

A),—)

31
34

49
53

54
56
60
62
65
66
63
0!
71

75

76

o

i

vii



viii

5.1
5.2

5.3

5.4

5.5
5.6

5.7
5.8
59
5.10

5.11

NO, discrepancy at the OH induced MACR degradation . . . .
Comparison of the NO, time series for different MCM model
parameters and the NO, measurements . . . . . . ... .. ...
Rate coefficients used by the MCM and recommended by IU-
PAC for the MACR + OH reaction. . . . . . . ... ... ....
Reaction scheme recommended by IUPAC for the MACR + OH
TEaction . . . . . . ...
"TUPAC’ model runs for the OH induced MACR degradation . .
PAN and MPAN measurements and model concentrations for
OH induced MACR degradation . . . . .. ... ... ......
Reaction scheme of the MACR photoly51s TUPAC’ implemen-
tation. . . . ... L.
Reaction scheme of the MACR ozonolysis. . . . . ... ... ..
MACR photolysis and ozonolysis experiment on 12th Apr 2007 .
NOj induced MACR degradation scheme implemented in the
TUPAC model. . . . . .. . ... .. . .

Nighttime MACR degradation experiments on 13th Nov 2006
and 13th Apr 2007



List of Tables

1.1
1.2

3.1
3.2
3.3

41

4.2

5.1

5.2

5.3

B.1
B.2

Selected components of the earth’s atmosphere . . . . . . . . . . 2
Ozone threshold values for the European Union . . . . . . . .. 5
Technical specification of the SAPHIR chamber. . . . . ... .. 27
Fitting parameters of the HCHO source’s water dependence . . 33
Overview of the instrumentation at SAPHIR . . . . . ... ... 15

Measurement vs. model correlation parameters of the net O,

production . . . . .. ... 52
Measurement vs. model correlation parameters for VOC mea-
SUTEIMENLS . . . o v v v v v e e e e e 57

MCM model parameters for the OH induced MACR degrada-

tion eXPEriments . . . . . . . .« . . e i e e e 36
TUPAC’ model parameters for the OH induced MACR degra-

dation experiments . . . . . . .. .. . ... ... 90
Changes in the MCM EASY model to represent the TUPAC

recommendation . . . . ... ... L Lo 102
Analyzed “Standard Experiments” . . . . ... ... .. .. ... 127
Experiments concerning VOC — ozone . . . . . ... ... ... 128

ix



