
Energie & Umwelt / Energy & Environment
Band / Volume 550
ISBN 978-3-95806-568-0

Energie & Umwelt / Energy & Environment
Band / Volume 550
ISBN 978-3-95806-568-0

Experimental study of the chemical degradation of biogenic 
volatile organic compounds by atmospheric OH radicals
Michael Rolletter

550

En
er

gi
e 

& 
Um

w
el

t
En

er
gy

 &
 E

nv
ir

on
m

en
t

Ex
pe

rim
en

ta
l s

tu
dy

 o
f t

he
 c

he
m

ic
al

 d
eg

ra
da

tio
n 

of
 b

io
ge

ni
c 

vo
la

til
e

or
ga

ni
c 

co
m

po
un

ds
 b

y 
at

m
os

ph
er

ic
 O

H
 ra

di
ca

ls
M

ic
ha

el
 R

ol
le

tt
er



Forschungszentrum Jülich GmbH
Institut für Energie- und Klimaforschung
Troposphäre (IEK-8)

Experimental study of the chemical  
degradation of biogenic volatile organic  
compounds by atmospheric OH radicals

Michael Rolletter

Schriften des Forschungszentrums Jülich
Reihe Energie & Umwelt / Energy & Environment Band / Volume 550

ISSN 1866-1793    ISBN 978-3-95806-568-0



Contents

1 Introduction 1
1.1 Biogenic VOCs in the troposphere . . . . . . . . . . . . . . . . . . . 2
1.2 Tropospheric radical chemistry . . . . . . . . . . . . . . . . . . . . . 6

1.2.1 Atmospheric OH radical sources . . . . . . . . . . . . . . . . 7
1.2.2 Chemical degradation of atmospheric trace gases . . . . . . . 8
1.2.3 Radical termination reactions . . . . . . . . . . . . . . . . . . 10
1.2.4 Novel RO2 chemistry . . . . . . . . . . . . . . . . . . . . . . 12

1.3 Objectives of this thesis . . . . . . . . . . . . . . . . . . . . . . . . . 18

I Investigation of BVOC photooxidation in SAPHIR 22

2 Methods 23
2.1 Description of the experiments in SAPHIR . . . . . . . . . . . . . . . 23
2.2 Instrumentation at the SAPHIR chamber . . . . . . . . . . . . . . . . 25

2.2.1 Radical detection . . . . . . . . . . . . . . . . . . . . . . . . 25
2.2.2 OH reactivity . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
2.2.3 VOC Measurements . . . . . . . . . . . . . . . . . . . . . . . 28
2.2.4 Photolysis frequencies . . . . . . . . . . . . . . . . . . . . . 29

2.3 Chamber specific properties . . . . . . . . . . . . . . . . . . . . . . 30
2.4 Experiment procedure . . . . . . . . . . . . . . . . . . . . . . . . . . 30
2.5 Model calculations . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

3 Photooxidation of MBO 34
3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
3.2 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

3.2.1 Atmospheric simulation chamber SAPHIR . . . . . . . . . . . 37
3.2.2 Experimental procedure . . . . . . . . . . . . . . . . . . . . . 37

X



Contents

3.2.3 Instrumentation . . . . . . . . . . . . . . . . . . . . . . . . . 38
3.2.4 Model calculations . . . . . . . . . . . . . . . . . . . . . . . 39

3.3 Results and discussion . . . . . . . . . . . . . . . . . . . . . . . . . 40
3.3.1 Model comparison . . . . . . . . . . . . . . . . . . . . . . . . 40
3.3.2 Model comparison including hydrogen shift reactions . . . . . 41
3.3.3 OH and HO2 radicals budget analysis . . . . . . . . . . . . . 41
3.3.4 Comparison with previous studies . . . . . . . . . . . . . . . 43

3.4 Summary and conclusions . . . . . . . . . . . . . . . . . . . . . . . 43
3.5 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

4 Photooxidation of α-pinene 49
4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

4.1.1 Degradation mechanism for α-pinene . . . . . . . . . . . . . 51
4.2 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

4.2.1 Experiments in the simulation chamber SAPHIR . . . . . . . . 53
4.2.2 Instrumentation . . . . . . . . . . . . . . . . . . . . . . . . . 53
4.2.3 Model calculations . . . . . . . . . . . . . . . . . . . . . . . 54

4.3 Results and discussion . . . . . . . . . . . . . . . . . . . . . . . . . 54
4.3.1 Product yields . . . . . . . . . . . . . . . . . . . . . . . . . . 54
4.3.2 Comparison of trace-gasmeasurements withMCM 3.3.1model

calculations . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
4.3.3 Sensitivity model calculations . . . . . . . . . . . . . . . . . 57
4.3.4 Comparison with previous studies . . . . . . . . . . . . . . . 59

4.4 Summary and conclusions . . . . . . . . . . . . . . . . . . . . . . . 60
4.5 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

5 Photooxidation of pinonaldehyde 65
5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
5.2 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

5.2.1 Atmospheric simulation chamber SAPHIR . . . . . . . . . . . 69
5.2.2 Instrumentation . . . . . . . . . . . . . . . . . . . . . . . . . 69
5.2.3 Experimental procedure . . . . . . . . . . . . . . . . . . . . . 71
5.2.4 Model calculations . . . . . . . . . . . . . . . . . . . . . . . 71

5.3 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
5.4 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74

XI



Contents

5.4.1 Pinonaldehyde photolysis . . . . . . . . . . . . . . . . . . . . 74
5.4.2 Photooxidation by OH . . . . . . . . . . . . . . . . . . . . . . 76

5.5 Summary and conclusions . . . . . . . . . . . . . . . . . . . . . . . 79
5.6 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81

6 Summary and discussion of BVOC studies 85
6.1 Overview of experiments . . . . . . . . . . . . . . . . . . . . . . . . 85
6.2 Product yields . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
6.3 Comparison of trace-gas measurements with model calculations . . . 89

6.3.1 MBO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
6.3.2 α-pinene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92
6.3.3 Pinonaldehyde . . . . . . . . . . . . . . . . . . . . . . . . . . 93

6.4 Comparison with field studies . . . . . . . . . . . . . . . . . . . . . . 96
6.5 Implication for atmospheric chemistry . . . . . . . . . . . . . . . . . 100

II Spectroscopic and kinetic measurements of acetylperoxy radicals 102

7 Introduction 103

8 Methods 106
8.1 Radical detection by cavity ring-down spectroscopy . . . . . . . . . . 106
8.2 Experimental setup . . . . . . . . . . . . . . . . . . . . . . . . . . . 108
8.3 Radical generation . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
8.4 Experiment procedure . . . . . . . . . . . . . . . . . . . . . . . . . . 110

8.4.1 Kinetic measurements . . . . . . . . . . . . . . . . . . . . . 110
8.4.2 Measurement of spectrum and absorption cross sections . . . 111

9 Absorption spectrum and absolute absorption cross sections of acetylper-
oxy radicals 113
9.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114
9.2 Experimental . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115

9.2.1 Experimental setup . . . . . . . . . . . . . . . . . . . . . . . 115
9.2.2 Absorption spectra measurements . . . . . . . . . . . . . . . 116

9.3 Results and discussion . . . . . . . . . . . . . . . . . . . . . . . . . 116
9.4 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118

XII



Contents

9.5 References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119

10 Kinetic study of acetylperoxy radical reactions 120
10.1 The CH3C(O)O2 self-reaction . . . . . . . . . . . . . . . . . . . . . . 120
10.2 Outlook . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123

III Conclusions 125

References 129

Acronyms 150

Acknowledgements 152

A Appendix 154
A.1 Supplementary materials to Chapter 3 . . . . . . . . . . . . . . . . . 154
A.2 Supplementary materials to Chapter 4 . . . . . . . . . . . . . . . . . 157
A.3 Supplementary materials to Chapter 5 . . . . . . . . . . . . . . . . . 166
A.4 Supplementary materials to Chapter 9 . . . . . . . . . . . . . . . . . 177

B Anhänge gemäß Prüfungsordnung 195
B.1 Own contribution . . . . . . . . . . . . . . . . . . . . . . . . . . . . 196
B.2 Erklärung zur Dissertation . . . . . . . . . . . . . . . . . . . . . . . 198

XIII



Energie & Umwelt / Energy & Environment
Band / Volume 550
ISBN 978-3-95806-568-0

Energie & Umwelt / Energy & Environment
Band / Volume 550
ISBN 978-3-95806-568-0

Experimental study of the chemical degradation of biogenic 
volatile organic compounds by atmospheric OH radicals
Michael Rolletter

550

En
er

gi
e 

& 
Um

w
el

t
En

er
gy

 &
 E

nv
ir

on
m

en
t

Ex
pe

rim
en

ta
l s

tu
dy

 o
f t

he
 c

he
m

ic
al

 d
eg

ra
da

tio
n 

of
 b

io
ge

ni
c 

vo
la

til
e

or
ga

ni
c 

co
m

po
un

ds
 b

y 
at

m
os

ph
er

ic
 O

H
 ra

di
ca

ls
M

ic
ha

el
 R

ol
le

tt
er


	Abstract
	Zusammenfassung
	Contents
	Introduction
	Biogenic VOCs in the troposphere
	Tropospheric radical chemistry
	Atmospheric OH radical sources
	Chemical degradation of atmospheric trace gases
	Radical termination reactions
	Novel RO2 chemistry

	Objectives of this thesis

	Investigation of BVOC photooxidation in SAPHIR
	Methods
	Description of the experiments in SAPHIR
	Instrumentation at the SAPHIR chamber
	Radical detection
	OH reactivity
	VOC Measurements
	Photolysis frequencies

	Chamber specific properties
	Experiment procedure
	Model calculations

	Photooxidation of MBO
	Introduction
	Methods
	Atmospheric simulation chamber SAPHIR
	Experimental procedure
	Instrumentation
	Model calculations

	Results and discussion
	Model comparison
	Model comparison including hydrogen shift reactions
	OH and HO2 radicals budget analysis
	Comparison with previous studies

	Summary and conclusions
	References

	Photooxidation of α-pinene
	Introduction
	Degradation mechanism for α-pinene

	Methods
	Experiments in the simulation chamber SAPHIR
	Instrumentation
	Model calculations

	Results and discussion
	Product yields
	Comparison of trace-gas measurements with MCM 3.3.1 model calculations
	Sensitivity model calculations
	Comparison with previous studies

	Summary and conclusions
	References

	Photooxidation of pinonaldehyde
	Introduction
	Methods
	Atmospheric simulation chamber SAPHIR
	Instrumentation
	Experimental procedure
	Model calculations

	Results
	Discussion
	Pinonaldehyde photolysis
	Photooxidation by OH

	Summary and conclusions
	References

	Summary and discussion of BVOC studies
	Overview of experiments
	Product yields
	Comparison of trace-gas measurements with model calculations
	MBO
	α-pinene
	Pinonaldehyde

	Comparison with field studies
	Implication for atmospheric chemistry


	Spectroscopic and kinetic measurements of acetylperoxy radicals
	Introduction
	Methods
	Radical detection by cavity ring-down spectroscopy
	Experimental setup
	Radical generation
	Experiment procedure
	Kinetic measurements
	Measurement of spectrum and absorption cross sections


	Absorption spectrum and absolute absorption cross sections of acetylperoxy radicals
	Introduction
	Experimental
	Experimental setup
	Absorption spectra measurements

	Results and discussion
	Conclusion
	References

	Kinetic study of acetylperoxy radical reactions
	The CH3C(O)O2 self-reaction
	Outlook


	Conclusions
	References
	Acronyms
	Acknowledgements
	Appendix
	Supplementary materials to Chapter 3
	Supplementary materials to Chapter 4
	Supplementary materials to Chapter 5
	Supplementary materials to Chapter 9

	Anhänge gemäß Prüfungsordnung
	Own contribution
	Erklärung zur Dissertation

	Leere Seite
	Leere Seite
	Leere Seite
	Leere Seite



