
Energie & Umwelt / Energy & Environment
Band / Volume 623
ISBN 978-3-95806-742-4

Energie & Umwelt / Energy & Environment
Band / Volume 623
ISBN 978-3-95806-742-4

The Chemical Budget of Radicals and Reaction Mechanisms 
of the Atmospheric Oxidation of Monoterpenes Investigated 
in the Atmospheric Simulation Chamber SAPHIR
Yat Sing Pang

623

En
er

gi
e 

& 
Um

w
el

t
En

er
gy

 &
 E

nv
ir

on
m

en
t

A
tm

os
ph

er
ic

 O
xi

da
tio

n 
of

 M
on

ot
er

pe
ne

s 
in

 S
A

PH
IR

Ya
t S

in
g 

Pa
ng



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

The Chemical Budget of Radicals and  
Reaction Mechanisms of the Atmospheric  
Oxidation of Monoterpenes Investigated  
in the Atmospheric Simulation Chamber  
SAPHIR

Yat Sing Pang

Schriften des Forschungszentrums Jülich
Reihe Energie & Umwelt / Energy & Environment Band / Volume 623

ISSN 1866-1793    ISBN 978-3-95806-742-4



 

V 

 

Contents 
 

Abstract ............................................................................................. I 

Acknowledgements .......................................................................... III 

1. Introduction ...............................................................................7 

1.1 Biogenic volatile organic compounds (BVOCs) in the atmosphere ................................. 8 

1.2 VOCs oxidation chemistry in the troposphere ............................................................... 11 

1.3 Objectives of the thesis .................................................................................................. 20 

2. Atmospheric Simulation Chamber SAPHIR ................................ 23 

2.1 The atmospheric simulation chamber SAPHIR .............................................................. 23 

2.2 Trace gas emissions from the chamber ......................................................................... 24 

2.3 The SAPHIR-PLUS Chamber ............................................................................................ 24 

2.4 Instruments at the SAPHIR chamber.............................................................................. 26 

2.5 Monoterpene oxidation experiments in the SAPHIR chamber ..................................... 31 

2.6 Plant emissions oxidation experiments conducted with the SAPHIR-PLUS and the 

SAPHIR chamber ........................................................................................................................ 35 

3. Methods for analyzing SAPHIR experiments in the SAPHIR 

chamber .......................................................................................... 37 

3.1 Determination of the reaction rate coefficients of the oxidation of monoterpenes .... 37 

3.2 Calculation of product yields .......................................................................................... 40 

3.3 Model calculations ......................................................................................................... 45 

3.4 Analysis of the chemical budget of radicals ................................................................... 49 

4. Investigation of the oxidation mechanism of limonene by OH 

radicals and O3 in simulation chamber experiments ......................... 53 

4.1 Oxidation mechanisms of limonene .............................................................................. 53 



 

VI 

 

4.2 Overviews of limonene oxidation experiments ............................................................. 58 

4.3 Results ............................................................................................................................ 66 

4.4 Discussions ..................................................................................................................... 87 

5. Investigation of the oxidation mechanism of sabinene by OH 

radicals and O3 in simulation chamber experiments ......................... 91 

5.1 Proposed mechanism of the oxidation of sabinene ...................................................... 91 

5.2 Overview of sabinene oxidation experiments ............................................................... 94 

5.3 Results of the analysis of sabinene oxidation experiments ......................................... 102 

6. Investigation of the oxidation of biogenic organic compounds 

from real plant emission ................................................................ 113 

6.1 Emission of organic compounds from sweet chestnut (Castanea sativa) ................... 113 

6.2 Oxidation of the BVOCs emitted by sweet chestnut trees .......................................... 117 

6.3 Discussion of the experiments with real plant emissions ............................................ 122 

7. Summary and Conclusions ...................................................... 127 

7.1 Oxidation of limonene .................................................................................................. 127 

7.2 Oxidation of sabinene .................................................................................................. 129 

7.3 Plant emissions and the investigation of their oxidation ............................................ 130 

7.4 Outlook ......................................................................................................................... 131 

References ..................................................................................... 133 

Supplementary material for Section 4 ............................................ 149 

Supplementary material for Section 6 ............................................ 154 

 

 

 

 



Energie & Umwelt / Energy & Environment
Band / Volume 623
ISBN 978-3-95806-742-4

Energie & Umwelt / Energy & Environment
Band / Volume 623
ISBN 978-3-95806-742-4

The Chemical Budget of Radicals and Reaction Mechanisms 
of the Atmospheric Oxidation of Monoterpenes Investigated 
in the Atmospheric Simulation Chamber SAPHIR
Yat Sing Pang

623

En
er

gi
e 

& 
Um

w
el

t
En

er
gy

 &
 E

nv
ir

on
m

en
t

A
tm

os
ph

er
ic

 O
xi

da
tio

n 
of

 M
on

ot
er

pe
ne

s 
in

 S
A

PH
IR

Ya
t S

in
g 

Pa
ng


	Leere Seite



