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Abstract 

Atmospheric aerosols have significant effects on issues such as human health, air 

quality and global climate. At present, the radiative effects of aerosols represent the 

largest uncertainties in quantifying climate forcing due to man-made changes in the 

composition of the atmosphere. A significant fraction of atmospheric aerosols consists 

of organic substances. A clear understanding of the chemical composition and processes 

that control the formation and transformation of organic aerosols in the atmosphere has 

been limited by the measurement techniques employed to study them. Over the past 

decade, aerosol mass spectrometry has gained considerable interest as a means of 

correlating the size and chemical composition of aerosol particles in real-time. The 

Aerodyne aerosol mass spectrometer (AMS) has represented a significant advance in 

this area of research. The AMS is capable of providing quantitative information on the 

chemical composition of the submicron non-refractory fraction of aerosol particles with 

a high size and time resolution. The instrument employs an aerodynamic lens, 

differential pumping, aerodynamic sizing, thermal vaporisation, electron impact 

ionisation and quadrupole mass spectrometry, where particles are analysed within a few 

milliseconds of entering the vacuum. Work to characterise and validate the ability of 

this instrument to measure the organic fraction of the aerosol is presented in this thesis. 

The utilisation of the AMS to characterise the chemical and physical properties of the 

organic fraction of atmospheric aerosols in various locations around the world 

representing urban, rural and remote settings is discussed. Results show that organics 

represent a major fraction of the measured aerosol mass at all of these locations. 

Organics show a distinct bimodal distribution at urban locations, where combustion 

sources are responsible for the emission of hydrocarbon-dominated particles in the 

small mode. On the other hand, highly oxidised organic compounds dominate the 

accumulation mode at all locations, including the urban ones. The chemical and 

physical characteristics of secondary organic aerosols formed from the photooxidation 

of anthropogenic and biogenic precursors in a reaction chamber are also studied. The 

results indicate that photooxidation of the biogenic precursor explains more of the 

chemical signature of organic particulate observed at the various locations compared to 

the anthropogenic precursor. Finally, the role of atmospheric aerosols, particularly its 

organic fraction, in the activation of cloud droplets is investigated. 



 
2004  PhD Thesis  5 

 
 M. Rami Alfarra   

Content 
 

CHAPTER ONE: Atmospheric Aerosols 

1.1 Introduction .............................................................................................................. 9 

1.2 Relevance of atmospheric aerosols........................................................................ 10 
1.2.1 Effects of atmospheric aerosols on air quality and human health ..................... 11 
1.2.2 The role of atmospheric aerosols in the global climate ..................................... 13 

1.3 Aerosol properties .................................................................................................. 17 
1.3.1 Particle size definitions...................................................................................... 17 
1.3.2 Particle size classification.................................................................................. 18 
1.3.3 Other aerosol properties..................................................................................... 21 

1.4 Aerosol chemical composition ............................................................................... 22 

 

CHAPTER TWO: Aerosol Measurements 

2.1 Introduction ............................................................................................................ 25 

2.2 Measurements of aerosol mass and number concentrations .............................. 25 

2.3 Aerosol size-resolved measurements..................................................................... 27 

2.4 Measurements of aerosol chemical composition.................................................. 30 
2.4.1 Off-line methods................................................................................................ 30 
2.4.2 On-line methods ................................................................................................ 33 

2.5 Measurements of other aerosol properties........................................................... 36 

2.6 On-line aerosol mass spectrometry ....................................................................... 38 
2.6.1 Inlet technology ................................................................................................. 39 
2.6.2 Particle sizing techniques .................................................................................. 40 
2.6.3 Mass spectrometry............................................................................................. 41 
2.6.4 Thermal-based aerosol mass spectrometry........................................................ 44 
2.6.5 Laser-based aerosol mass spectrometry ............................................................ 46 

 

CHAPTER THREE: The Aerodyne Aerosol Mass Spectrometer 
(AMS) 

3.1 AMS description ..................................................................................................... 51 
3.1.1 Aerosol sampling chamber ................................................................................ 53 
3.1.2 Particle sizing chamber...................................................................................... 55 
3.1.3 Particle detection and chemical analysis chamber ............................................ 57 
3.1.4 Other AMS components .................................................................................... 58 

3.2 Modes of operation ................................................................................................. 58 
3.2.1 The mass spectrometer mode (MS) ................................................................... 59 



 
2004  PhD Thesis  6 

 
 M. Rami Alfarra   

3.2.2 The Time-of-Flight mode (TOF)....................................................................... 59 

3.3 Theoretical basis of AMS quantitative measurements........................................ 61 

3.4 AMS optimisation and calibrations ...................................................................... 66 
3.4.1 Aerosol particle beam alignment....................................................................... 66 
3.4.2 Chopper servo position calibration.................................................................... 67 
3.4.3 Particle velocity calibration............................................................................... 68 
3.4.4 Tuning the quadrupole mass spectrometer ........................................................ 69 
3.4.5 Quadrupole resolution calibration (peak shape)................................................ 70 
3.4.6 Quadrupole mass calibration (peak position) .................................................... 71 
3.4.7 Electron multiplier calibration........................................................................... 72 
3.4.8 Ionisation efficiency calibration (IE)................................................................. 73 

3.5 Identification of chemical species using the AMS ............................................... 75 

3.6 Data analysis techniques ........................................................................................ 76 

 

CHAPTER FOUR: Laboratory Characterisation of the Aerodyne 
Aerosol Mass Spectrometer 

4.1 Generation of aerosol particles.............................................................................. 79 

4.2 Qualitative comparison of AMS and NIST organic mass spectra ..................... 80 

4.3 Investigation of the effect of the vaporiser temperature on the detection of 
inorganic and organic compounds .............................................................................. 88 

4.4 AMS collection efficiency of organic aerosol particles........................................ 94 

4.5 Fragmentation ratios of nitrate salts .................................................................... 98 

 

CHAPTER FIVE: Atmospheric Processing of Organic Aerosols: 
Measurements at Urban, Rural and Remote Locations 

5.1 Introduction ............................................................................................................ 99 

5.2 Field Sites and AMS Sampling............................................................................ 101 

5.2.1 Edinburgh, UK (2000)..................................................................................... 101 
5.2.2 Jeju Island, South Korea (2001) ...................................................................... 101 
5.2.3 Manchester, UK (2001 & 2002) ...................................................................... 102 
5.2.4 British Columbia, Canada (2001) .................................................................... 103 
5.2.5 Jungfraujoch, Switzerland (2002) ................................................................... 104 
5.2.6 AMS Particle Collection Efficiency (CE) ....................................................... 105 

5.3 Overview of chemical composition and size distributions of ambient aerosols
...................................................................................................................................... 107 

5.4 Urban organic aerosols ........................................................................................ 112 
5.4.1 Sources of urban organic aerosols ................................................................... 112 
5.4.2 Chemical composition of urban organic particulate........................................ 115 



 
2004  PhD Thesis  7 

 
 M. Rami Alfarra   

5.5 Rural and remote organic aerosols ..................................................................... 119 

5.6 Processing of organic aerosols ............................................................................. 123 
5.6.1 Comparison of ‘fresh’ and ‘processed’ organic aerosols ................................ 123 
5.6.2 Influence of photochemistry on the chemical signature and size distribution of 
organic aerosols ........................................................................................................ 127 
5.6.3 Chemical composition of processed organic aerosols..................................... 129 

5.7 Summary ............................................................................................................... 135 

 

CHAPTER SIX: A study of Secondary Organic Aerosols Formed from 
the Photooxidation of Anthropogenic and Biogenic Precursors in a 

Reaction Chamber 

6.1 Introduction .......................................................................................................... 137 

6.2 Experimental methodology.................................................................................. 139 
6.2.1 Reaction chamber ............................................................................................ 139 
6.2.2 Instrumentation................................................................................................ 139 
6.2.3 Experimental conditions .................................................................................. 139 

6.3 Overview of secondary organic aerosol (SOA) formation................................ 140 

6.4 Chemical signatures ............................................................................................. 143 
6.4.1 Discussion of the chemical signatures of the photooxidation products of 1,3,5-
TMB and α-pinene ................................................................................................... 143 
6.4.2 Mass spectral signatures as a function of irradiation time............................... 146 
6.4.3 Comparison of the chemical signatures of the photooxidation products of 1,3,5-
TMB and α-pinene ................................................................................................... 149 

6.5 Formation of nitrogenated organic compounds ................................................ 151 

6.6 Formation of model polymers in the absence of oxidation ............................... 153 

6.7 Atmospheric Implications.................................................................................... 156 

6.8 Summary ............................................................................................................... 160 

 

CHAPTER SEVEN: The Second Cloud and Aerosol Characterisation 
Experiment (CLACE2) 

7.1 Introduction .......................................................................................................... 162 

7.2 Experimental methodology.................................................................................. 164 

7.2.1 Site description ................................................................................................ 164 
7.2.2 Sampling methodology.................................................................................... 165 
7.2.3 Instrumentation................................................................................................ 167 

7.3 Variability of aerosol chemical composition and size distribution at the 
Jungfraujoch ............................................................................................................... 167 

7.3.1 Overview of aerosol mass concentration and size distribution ....................... 167 



 
2004  PhD Thesis  8 

 
 M. Rami Alfarra   

7.3.2 Characteristics of the aerosol organic fraction at the Jungfraujoch................. 173 
7.3.3 Classification of data according to local weather conditions .......................... 174 

7.3.3.1 Comparison of the size distribution and mass concentration of aerosol 
chemical components at the Jungfraujoch during clear and cloudy conditions .. 174 
7.3.3.2 Effect of local wind direction and speed on the size distribution and mass 
loading of aerosol chemical components at the Jungfraujoch............................. 176 

7.3.4 Classification of aerosol chemical composition and size distribution as a 
function of air mass history ...................................................................................... 178 
7.3.5 Hygroscopic properties and chemical composition of aerosols ...................... 183 

7.4 Cloud Aerosol Interaction ................................................................................... 185 
7.4.1 Relationship between Cloud and Aerosol Number Concentrations ................ 185 
7.4.2 Scavenging of Aerosol Chemical Components by Cloud Droplets ................ 187 
7.4.3 Cloud-Aerosol Interaction: Case Studies ........................................................ 192 

7.5 Summary ............................................................................................................... 199 

 

CHAPTER EIGHT: Conclusions and Future Work 
8.1 Conclusions ........................................................................................................... 202 

8.2 Ongoing and Future Work .................................................................................. 205 

 

Publications ................................................................................................................. 208 

Acknowledgments....................................................................................................... 209 

Appendix 1: Acronyms and Abbreviations.............................................................. 211 

Appendix 2: Comparison of AMS and NIST Mass spectra.................................... 215 

References ................................................................................................................... 226 

 
 

 

 

 

 

 

 

 

 

 

 


