
639

En
er

gi
e 

& 
Um

w
el

t
En

er
gy

 &
 E

nv
ir

on
m

en
t

In
si

gh
ts

 in
to

 M
ec

ha
ni

sm
s 

of
 S

O
A

 F
or

m
at

io
n

Ya
rê

 B
ak

er

Energie & Umwelt / Energy & Environment
Band / Volume 639
ISBN 978-3-95806-776-9

Insights into Mechanisms of Secondary Organic Aerosol  
Formation: Approaching Atmospherically Relevant Conditions 
in an Atmospheric Reaction Chamber 
Yarê Baker



Forschungszentrum Jülich GmbH
Institute of Climate and Energy Systems (ICE)
Troposphäre (ICE-3)

Insights into Mechanisms of Secondary  
Organic Aerosol Formation: Approaching  
Atmospherically Relevant Conditions in  
an Atmospheric Reaction Chamber

Yarê Baker

Schriften des Forschungszentrums Jülich
Reihe Energie & Umwelt / Energy & Environment Band / Volume 639

ISSN 1866-1793    ISBN 978-3-95806-776-9



Table of Contents | VII 

Table of Contents 

1. Introduction ........................................................................................................................................... 1 

1.1 Atmospheric oxidation of volatile organic compounds and secondary organic aerosol 

formation ....................................................................................................................................... 1 

1.2 Objective ......................................................................................................................................... 3 

2. Theoretical Background....................................................................................................................... 7 

2.1 Generic α-pinene HOM peroxy radical chemistry ................................................................... 7 

2.1.1 Reaction pathways of HOM-RO2 with RO2 and HO2 ............................................................ 9 

2.1.2 Reaction pathways of HOM-RO2 with NOx ......................................................................... 11 

2.1.3 Reaction pathways of HOM alkoxy radicals ......................................................................... 12 

2.2 Oxidation product gas-to-particle partitioning ...................................................................... 13 

3. Methods and Experiments ................................................................................................................ 15 

3.1 Chemical Ionization Mass Spectrometry ................................................................................. 15 

3.1.1 Atmospheric Pressure Interface Time of Flight Mass Spectrometer ..................................... 15 

3.1.2 Multi-scheme chemical ionization inlet ................................................................................ 16 

3.1.3 General procedure for data analysis ...................................................................................... 18 

3.1.4 Determination of oxidized compounds and HO2 with MION-CIMS ................................... 20 

3.1.5 Derivation of condensable HOM mass proxy in the gas-phase from CIMS-measurement .. 21 

3.2 Atmospheric reaction chamber SAPHIR-STAR ...................................................................... 22 

3.2.1 Instrumentation .................................................................................................................... 24 

3.2.2 OH concentration and α-pinene OH turnover ..................................................................... 25 

3.2.3 Experimental conditions ....................................................................................................... 27 

3.2.4 Experimental procedure ........................................................................................................ 28 

3.2.5 Box model calculations for RO2 sink estimation ................................................................... 30 

4. Results and Discussion ...................................................................................................................... 33 

4.1 Impact of high HO2 ..................................................................................................................... 33 

4.1.1 Impact of HO2 on overall HOM formation ........................................................................... 35 

4.1.2 Impact of HO2 on the HOM-RO2 concentration .................................................................. 37 

4.1.3 C10-HOM-RO2 chemistry: Importance of C10H15Ox and C10H17Ox families.......................... 39 

4.1.4 Impact of HO2 on HOM alkoxy radical formation ................................................................ 40 

4.1.5 Impact on carbonyl and hydroperoxide formation ................................................................ 43 

4.1.6 Impact of HO2 on condensable organic mass ........................................................................ 45 

4.1.7 Summary: Impact of HO2 ..................................................................................................... 48 

4.2 Impact of NO ............................................................................................................................... 50 

4.2.1 Impact on overall HOM formation ....................................................................................... 51 

4.2.2 Impact of NO on the HOM-RO2 concentration.................................................................... 52 

4.2.3 C10-HOM-RO2 chemistry: Importance of C10H15Ox and C10H17Ox families.......................... 54 

4.2.4 Importance of HOM alkoxy chemistry in the system with NO ............................................ 58 

4.2.5 Formation of HOM organic nitrates ..................................................................................... 60 



VIII | Table of Contents 

4.2.6 Impact of NO on condensable organic mass .......................................................................... 63 

4.2.7 Summary: Impact of NO ....................................................................................................... 68 

4.3 Combination of NO and high HO2 ........................................................................................... 69 

4.3.1 Reduction of HOM formation in the system with NO and high HO2 .................................. 70 

4.3.2 Impact of NO and high HO2 on the HOM-RO2 concentration............................................. 72 

4.3.3 C10-HOM-RO2 chemistry: Importance of C10H15Ox and C10H17Ox families .......................... 73 

4.3.4 Competition for termination group formation in the system with NO and high HO2 .......... 75 

4.3.5 Changes in HOM alkoxy radical chemistry in the system with NO and high HO2 ............. 79 

4.3.6 Impact of combined NO and high HO2 on condensable organic mass .................................. 82 

4.3.7 Summary: Impact of NO and high HO2 in combination....................................................... 87 

5. Summary and conclusion .................................................................................................................. 89 

5.1 Impact of HO2 and NO on HOM formation chemistry .......................................................... 90 

5.2 Impact of changed HOM formation chemistry on SOA formation ...................................... 91 

6. References ............................................................................................................................................. 93 

A. Appendix ............................................................................................................................................ 101 

A.1 Exemplary RO2 sink distributions in the atmosphere .......................................................... 101 

A.2 Voltage and flow settings of MION-APi-TOF ....................................................................... 102 

A.3 Overview of experimental OH concentrations and α-pinene OH turnover ..................... 104 

A.4 Modeling of experiments ......................................................................................................... 105 

A.4.1 Box model input parameters: Wall loss and OH background reactivity ............................. 105 

A.4.2 Box model results: HO2, RO2, NO and pinonaldehyde ....................................................... 107 

A.5 Error propagation ...................................................................................................................... 108 

A.6 Peaklists ...................................................................................................................................... 109 

A.6.1 α-Pinene + OH in the base and high HO2 case ................................................................... 109 

A.6.2 α-Pinene + OH at low and high HO2 with NO in the system ............................................ 110 

A.7 Exemplary reported HO2/RO2 ratios from field studies....................................................... 112 

A.8 Estimation of change in peroxy radical steady state concentration between different 

chemical regimes ....................................................................................................................... 113 

A.8.1 Estimation for high HO2 case in comparison to base case ................................................... 113 

A.8.2 Estimation for system with NO in comparison to base case ................................................ 113 

A.9 Particular phase measurements and wall loss corrected SOA yield .................................. 114 

A.10 Supplemental information for experiments with NO addition .......................................... 115 

A.10.1 C10-HOM-RO2 family observations in experiments with NO addition .............................. 115 

A.10.2 Relative changes in the HOM-Mon families in experiments with NO addition ................ 116 

A.10.3 Contributions in the HOM-Frag product class in experiments with NO addition ............ 116 

A.10.4 Investigation of oxidation degree in experiments with NO addition .................................. 117 

A.10.5 Information about additional “low NO” steady state ......................................................... 118 

A.10.6 Gas-phase fraction remaining in presence of seed for the middle NO case .......................... 119 

A.11 Supplemental information for experiments with NO and HO2 addition .......................... 120 



Table of Contents | IX 

A.11.1 Overview of contributions of product classes, groups, and families in the high NO, high 

HO2 case ............................................................................................................................. 120 

A.11.2 Information about additional “in-between NO” steady state ............................................. 120 

A.11.3 C10H16O2 (formula composition of pinonaldehyde) signal in the system with NO and 

HO2 in comparison to the base case .................................................................................... 121 

A.11.4 Investigation of oxidation degree in experiments with NO and HO2 addition ................... 121 

A.11.5 Relative change in HOM-Frag groups compared to base case for middle NO, high HO2 

and high NO, high HO2 system ......................................................................................... 122 

A.11.6 Fraction remaining with seed in ON and non-ON product classes in system with just 

NO in comparison to system with NO and high HO2 ....................................................... 122 
 



Energie & Umwelt / Energy & Environment
Band / Volume 639
ISBN 978-3-95806-776-9

639

En
er

gi
e 

& 
Um

w
el

t
En

er
gy

 &
 E

nv
ir

on
m

en
t

In
si

gh
ts

 in
to

 M
ec

ha
ni

sm
s 

of
 S

O
A

 F
or

m
at

io
n

Ya
rê

 B
ak

er


	List of Illustrations
	List of Tables
	List of Abbreviations
	Acknowledgement
	1. Introduction
	1.1 Atmospheric oxidation of volatile organic compounds and secondary organic aerosol formation
	1.2 Objective

	2.  Theoretical Background
	2.1 Generic α-pinene HOM peroxy radical chemistry
	2.1.1 Reaction pathways of HOM-RO2 with RO2 and HO2
	2.1.2 Reaction pathways of HOM-RO2 with NOx
	2.1.3 Reaction pathways of HOM alkoxy radicals

	2.2 Oxidation product gas-to-particle partitioning

	3. Methods and Experiments
	3.1 Chemical Ionization Mass Spectrometry
	3.1.1 Atmospheric Pressure Interface Time of Flight Mass Spectrometer
	3.1.2 Multi-scheme chemical ionization inlet
	3.1.3 General procedure for data analysis
	3.1.4 Determination of oxidized compounds and HO2 with MION-CIMS
	3.1.5 Derivation of condensable HOM mass proxy in the gas-phase from CIMS-measurement

	3.2 Atmospheric reaction chamber SAPHIR-STAR
	3.2.1 Instrumentation
	3.2.2 OH concentration and α-pinene OH turnover
	3.2.3 Experimental conditions
	3.2.4 Experimental procedure
	3.2.5 Box model calculations for RO2 sink estimation


	4. Results and Discussion
	4.1 Impact of high HO2
	4.1.1 Impact of HO2 on overall HOM formation
	4.1.2 Impact of HO2 on the HOM-RO2 concentration
	4.1.3 C10-HOM-RO2 chemistry: Importance of C10H15Ox and C10H17Ox families
	4.1.4 Impact of HO2 on HOM alkoxy radical formation
	4.1.5 Impact on carbonyl and hydroperoxide formation
	4.1.6 Impact of HO2 on condensable organic mass
	4.1.7 Summary: Impact of HO2

	4.2 Impact of NO
	4.2.1 Impact on overall HOM formation
	4.2.2 Impact of NO on the HOM-RO2 concentration
	4.2.3 C10-HOM-RO2 chemistry: Importance of C10H15Ox and C10H17Ox families
	4.2.4 Importance of HOM alkoxy chemistry in the system with NO
	4.2.5 Formation of HOM organic nitrates
	4.2.6 Impact of NO on condensable organic mass
	4.2.7 Summary: Impact of NO

	4.3 Combination of NO and high HO2
	4.3.1 Reduction of HOM formation in the system with NO and high HO2
	4.3.2 Impact of NO and high HO2 on the HOM-RO2 concentration
	4.3.3 C10-HOM-RO2 chemistry: Importance of C10H15Ox and C10H17Ox families
	4.3.4 Competition for termination group formation in the system with NO and high HO2
	4.3.5 Changes in HOM alkoxy radical chemistry in the system with NO and high HO2
	4.3.6 Impact of combined NO and high HO2 on condensable organic mass
	4.3.7 Summary: Impact of NO and high HO2 in combination


	5. Summary and Conclusion
	5.1 Impact of HO2 and NO on HOM formation chemistry
	5.2 Impact of changed HOM formation chemistry on SOA formation

	6. References
	Leere Seite
	Leere Seite



