Analysis of the Chemical Composition of Atmospheric and Chamber
Generated Aerosol Using Mass Spectrometry

Thesis by
Shane Murphy

In Partial Fulfillment of the Requirements
for the Degree of
Doctor of Philosophy

California Institute of Technology
Pasadena, California
2009
(Defended May 28, 2009)

ii

© 2009
Shane Murphy
All Rights Reserved

iii

To My Parents

iv

Acknowledgements
I remember when I first arrived at Caltech during the visiting weekend for
prospective students. I was a very unsure over which graduate school to attend and what
to study, but then I met John Seinfeld and Rick Flagan. John and Rick showed me
around their labs personally and instilled a great sense of excitement in me for studying
aerosols, clouds, and all things atmospheric. I would never have guessed that two huge
names in science would be so kind and personable. Ever since that moment, my
adventure at Caltech has been an excellent one. There have certainly been high points
and low points and a fair amount of stress related to field campaigns, but in the end, I
could not have asked for a better experience.
The field campaigns are probably the part of my graduate career that I will
remember most. Under John and Rick’s guidance I have been fortunate enough to fly in
research aircraft all over the country. Spending months in airports and flying near coalfired power plants and refineries may not sound too fun, but it is amazing how exciting it
can be when you are completely immersed in the science. I am also extremely grateful to
John and Rick for trusting me to be independent during these field campaigns. I cannot
express how much I have learned by being allowed to find my own way some of the time.
Of course I never would have found my way if it was not for the help and
guidance of many people over the years. I started my graduate career on the roof lab
where Roya, Tomtor, Sally, Jason, and Jesse showed me how to do good laboratory
science. I am especially indebted to Roya who was the one who brought me into the
wonderful world of aerosol mass spectrometry. She was also the kind and patient person
who was there holding my hand during my first field campaign. I spent many hours in

v
the roof with Sally and Jesse running experiments and also having some fun from time to
time. Jesse taught me a lot about how to think about atmospheric chemistry, and for that
I am extremely grateful.
There have been a lot of people who have been by my side during the five field
projects that I was a part of. Armin and I went through the most together and his
determination pushed me through a lot of hard times. He taught me a lot about how to
persevere in tough situations. I formed a special bond with Kerri Pratt during our long
months in Colorado being the only two graduate students on the ICE-L field project.
I am eternally indebted to John Jayne and Jose Jimenez for answering untold telephone
calls at ridiculous hours when the AMS was acting up again. Without the programming
aid and advice of Pete DeCarlo and Joel Kimmel, the data for this thesis would never
have been created. Tracey, Tomtor, Bill, Harmony, Scott, and Andrew have been
wonderful companions and mentors in the field. Fred Brechtel and Haf Jonsson were
always there when no one else could figure “it” out, whatever it may have been. They
are two of the most talented experimentalists I know and definitely two of the kindest
people. I am eternally grateful to Nave, Mike, Roy, Greg, and Chris for making sure I
never had to use the safety training that they gave me and for making sure that I was able
to do science with such a beastly instrument on such a small plane.
I have also been fortunate enough during my time at Caltech and in the field to
work closely with several influential professors and principal investigators. Paul
Wennberg has always provided insightful advice and has been kind enough to be a
member of my thesis committee along with Haf Jonsson. I have learned a lot about how
to do science and how to be a good advisor from Thanos Nenes, Patrick Chuang, and

vi
Graham Feingold. It has been a lot of fun working with the members of their groups too.
I was fortunate enough to meet Cynthia Twohy, Dave Rogers and Paul DeMott during
my last field campaign and I look forward to doing more science with them in the future.
I have had the unique opportunity during my graduate career to be a part of a
very unique group known as the AMS users, or just the “users”. This group has become
a model for me of how science should work. I have never met a group of scientists who
are more eager to share and collaborate than this one. A big bonus is that they are great
people too. I will not soon forget the many adventures I’ve had with Eben, Achim, Tim,
Ed, and many other “users”.
It has been a lot of fun in the last few years of my graduate career to share some
of what I have learned with some of the newer members of the lab and to learn from
them. I have been very impressed with Puneet and Jill, who will take over the reins of
the AMS when I leave. I’ve had many good conversations with Arthur and I have no
doubt the chamber is in good hands.
During the parts of my thesis where I could not be in the field or lab but had to
write papers or proposals instead, the many days of sitting in front of a computer have
been made infinitely easier by the friendship and entertainment of Daven, Philip, Zach,
Jean, Anne and Havala. Jason Surratt has been with me since the beginning and having
long conversations about our futures has been a godsend here at the end. I have also truly
enjoyed getting to know Beth both scientifically and personally.
I also wish to acknowledge Mike Vondrus for machining many things for me over
the years and for being a wonderful human being; Ann Hilgenfeldt, Yvette Grant, Sara
Moore, and Marcy Fowler for making all the last minute requests and travel happen;

vii
Kathy Bubash for keeping me on track with all the paperwork that I forgot to do; Tuyen
Dang for all her assistance with my fellowship; and Suresh Guptha for always managing
to fix whatever I had broken on my computer.
I would not have been able to do all of this work without the funding support of
NASA, NOAA, and the Office of Naval research. I am especially indebted to NASA for
providing me with the NASA Earth and Space Sciences Fellowship during the last two
years.
I have made many great friends during my time at Caltech, whom I wish to
acknowledge here. Without them, I probably would have lost it well before I made it to
this point: Mark and Andrea for going on all the adventures that no one else would, John
and Catherine for always being up for anything, Daven and Elena for reminding me that
there is always time for dance and coffee, Morgan for reminding me that height doesn’t
matter in surfing, Philip for many good conversations, and Mike Vicic for talking about
anything and everything with me. I have also been fortunate enough to be on two
excellent intrumural soccer and basketball teams that have given me a good excuse to go
have fun.
Finally I wish to express my extreme gratitude to my family. My parents have
always been extremely supportive and I could not have done any of this without them.
My sister has been a great confidant, having gone through the rigors of graduate school
herself. Last, but most definitely not least, is the person who is by far the best thing that
has happened to me at Caltech, my fiancée Karen. It is impossible to write how much
she has meant to me over the last few years, but fortunately I don’t have to because I
have the rest of my life to tell her.

viii

Abstract
This thesis presents results demonstrating the use of particulate composition
measurements to determine the mechanisms of aerosol formation in both chamber and
field studies. Aerosol composition measurements are also used to theoretically estimate
the water-uptake behavior and ability to nucleate cloud droplets of atmospheric aerosol;
these estimates are compared with in-situ airborne measurements. Common to all studies
presented is the use of online aerosol mass spectrometry, a technique with high time
resolution and minimal artifacts.
Chemical mechanisms involved in particle formation from the photooxidation of
isoprene were explored in chamber studies using both online and offline mass
spectrometry. The yield of aerosol and the nature of oliogmers formed was found to
depend on the NOx concentration. Peroxides were found to be important under low-NOx
conditions while under high-NOx conditions the majority of the particulate mass was
found to derive from reaction products of methacrolein.
Particle formation from photooxidation of aliphatic amines was shown to be a
feasible route of secondary organic aerosol formation in the atmosphere. Chamber
studies at low relative humidity demonstrated that particle formation is primarily the
result of acid-base reactions between amines and nitric or sulfuric acid, though diverse
oxidized organic compounds are also formed. Thermodynamic calculations show that
certain amines can compete with ammonia to form aminium salts at atmospherically
relevant concentrations. An airborne field study near a major bovine source in the San
Joaquin Valley, CA, gave evidence of particulate amine formation in the atmosphere.

ix
The composition of particulate emissions from ships was studied during a joint
shipboard and airborne field project in the Eastern Pacific. Particulate emissions were
found to contain significantly higher levels of organic material than accounted for in
current inventories. Observed hydrophobic organic material is concentrated in smaller
particles and acts to suppress hygroscopic growth and activity of ship-exhaust particles as
cloud condensation nuclei.
Ongoing research involves quantifying the impact of reactions within cloud
droplets on the organic composition of aerosols. A recently completed field campaign
investigated the role of particle chemistry in determining if aerosols can act as ice crystal
nuclei.
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