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trum Jülich . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23

2.3 The free-jet flow system at the TROPOS institute in Leipzig . . . . . 24

3 Chemical Ionization Mass Spectrometry 27

3.1 ROx radical detection by CIMS . . . . . . . . . . . . . . . . . . . . . 27

3.2 Principle of Chemical Ionization Mass Spectrometry . . . . . . . . . . 30

3.3 Optimization of the CIMS instrument for measurements of RO2 radicals 34

3.3.1 Preparation of purified amine-N2 mixtures . . . . . . . . . . . 34

3.3.2 Dosing of the amine-N2 mixture to the CI-inlet . . . . . . . . 36

3.3.3 Addition of water vapour to the sheath flow . . . . . . . . . . 39

3.3.4 Dilution of the sampled air flow . . . . . . . . . . . . . . . . . 40

3.4 Detection of peroxy radicals from the OH reaction with β-pinene by

CIMS using amine as primary ions . . . . . . . . . . . . . . . . . . . 41

3.4.1 Determination of the sensitivity of the CIMS instrument for

RO2 radical detection . . . . . . . . . . . . . . . . . . . . . . . 44

4 Box models for chamber experiments 47

4.1 Modelling of experiments in the SAPHIR chamber . . . . . . . . . . . 48

4.2 Modelling of experiments in the free-jet flow system . . . . . . . . . . 49

5 Oxidation of ∆3-carene 50

5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51



5.2 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

5.2.1 Experiments in the SAPHIR chamber . . . . . . . . . . . . . . 52

5.2.2 Instrumentation . . . . . . . . . . . . . . . . . . . . . . . . . . 54

5.2.3 OH reactivity and peroxy radical distribution . . . . . . . . . 54

5.2.4 Determination of reaction rate constants and OH yield from

ozonolysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55

5.2.5 Determination of product yields-organic nitrate RONO2 . . . . 55

5.2.6 Determination of product yields . . . . . . . . . . . . . . . . . 56

5.3 Results and discussion . . . . . . . . . . . . . . . . . . . . . . . . . . 57

5.3.1 Ozonolysis of ∆3-carene . . . . . . . . . . . . . . . . . . . . . 57

5.3.2 OH reaction of ∆3-carene . . . . . . . . . . . . . . . . . . . . 60

5.3.3 Photooxidation of caronaldehyde . . . . . . . . . . . . . . . . 64

5.3.4 Production and destruction rates of ROx radicals in the oxi-

dation of ∆3-carene . . . . . . . . . . . . . . . . . . . . . . . . 66

5.4 Summary and conclusions . . . . . . . . . . . . . . . . . . . . . . . . 68

5.5 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

6 Photooxidation of myrcene 72

6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74

6.2 Oxidation mechanism of myrcene . . . . . . . . . . . . . . . . . . . . 74

6.3 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75

6.3.1 Experiments in the SAPHIR chamber . . . . . . . . . . . . . . 75

6.3.2 Measurement of trace gas concentrations . . . . . . . . . . . . 79

6.3.3 Measurement of trace radical concentrations . . . . . . . . . . 79

6.3.4 VOC reactivity and RO2 speciation in myrcene experiments . 80

6.4 Determination of organic nitrate yields . . . . . . . . . . . . . . . . . 82

6.4.1 Test experiments with methane and α-pinene . . . . . . . . . 83

6.5 Experimental analysis of the chemical budgets of OH, HO2, RO2 and

ROx . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83

6.5.1 Radical production, destruction and regeneration reactions . . 84

6.5.2 Radical production and destruction in a test experiment with

methane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85

6.6 Results and discussion of the experiments with myrcene . . . . . . . . 85

6.6.1 Product yields of the reactions of myrcene hydroxy peroxy

radicals with NO . . . . . . . . . . . . . . . . . . . . . . . . . 86

6.6.2 Primary radical production and termination . . . . . . . . . . 88

6.6.3 ROx radical chain propagation reaction . . . . . . . . . . . . . 89

6.7 Summary and conclusions . . . . . . . . . . . . . . . . . . . . . . . . 91

6.8 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93



7 Photooxidation of β-pinene 98

7.1 β-pinene oxidation mechanism . . . . . . . . . . . . . . . . . . . . . . 98

7.2 Experiments investigating the β-pinene oxidation mechanism . . . . . 101

7.2.1 Experiments in the free-jet flow system . . . . . . . . . . . . . 102

7.2.2 Experiments in the SAPHIR-STAR chamber . . . . . . . . . . 103

7.2.3 Determination of OH concentrations in the experiments . . . . 105

7.3 Measurement of the relative distribution of RO2 radicals . . . . . . . 106

7.3.1 Measurements in the free-jet flow system . . . . . . . . . . . . 108

7.3.2 Measurements in the SAPHIR-STAR chamber . . . . . . . . . 110

7.4 Discussion of the RO2 formation mechanism . . . . . . . . . . . . . . 111

7.4.1 Relevance of autoxidation reactions . . . . . . . . . . . . . . . 111

7.4.2 Determination of unimolecular rate constants . . . . . . . . . 113

8 Summary and Conclusions 118

8.1 Development of a detection scheme for RO2 based on CIMS . . . . . 118

8.2 Monoterpene oxidation . . . . . . . . . . . . . . . . . . . . . . . . . . 118

8.2.1 Overview of experiments . . . . . . . . . . . . . . . . . . . . . 118

8.2.2 Organic nitrate yields . . . . . . . . . . . . . . . . . . . . . . . 119

8.2.3 ROx radical budget . . . . . . . . . . . . . . . . . . . . . . . . 121

8.2.4 Product yields . . . . . . . . . . . . . . . . . . . . . . . . . . . 122

8.2.5 Importance of unimolecular reactions in the oxidation mech-

anism of β-pinene . . . . . . . . . . . . . . . . . . . . . . . . . 123

8.3 Implications for atmospheric chemistry . . . . . . . . . . . . . . . . . 123

References 125

Danksagung 139

Acronyms 141

A Appendix 143

A.1 Supplementary materials to Chapter 5 . . . . . . . . . . . . . . . . . 143

A.2 Supplementary materials to Chapter 6 . . . . . . . . . . . . . . . . . 150

A.3 Supplementary materials to Chapter 7 . . . . . . . . . . . . . . . . . 160

A.3.1 β-pinene mechanism used in the model . . . . . . . . . . . . . 160
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