
NEW VOICES IN CHEMISTRY

T
he submicrometer particles

that are present as aerosols in the
atmosphere represent one of the
greatest uncertainties in climate
change. Fundamental questions

remain about how the chemical composi-
tion and reactivity of these particles deter-
mine their behavior in the atmosphere.

The chemical make-up of the
particles determines the efficiency
of key processes in their evolu-
tion—how fast they grow by addi-
tion of vapors, how fast they are lost
by deposition, how their compo-
nents partition between vapor and
liquid phases, and how they interact
with meteorological events such as
clouds and precipitation. Address-
ing these issues is an important chal-
lenge with both scientific and prac-
tical significance for chemical
engineers in coming years.

Even the simplest atmospheric
scenarios involve unsolved problems
in atmospheric chemistry, thermo-
dynamics, and fluid mechanics; they
require advances in understanding
theoretically how different processes
change aerosol particles, describing numer-
ically their impacts on climate, and devis-
ing technical improvements to measure the
variables needed to test our predictions.
The various mixtures of organic and inor-
ganic species that constitute different par-
ticles in the air offer myriad potential inter-
actions that could occur on particle surfaces
and in aqueous solutions.

Sea salt aerosol, one of the oldest and
seemingly simplest types of particles, illus-
trates the complexity of this problem.
Formed as bubbles burst when waves break
on the ocean, these particles can include
organic species present in seawater as well
as oxidized organic emissions from up-
wind sources of vegetation or pollution.
The resulting mixtures include strong and 
weak electrolytes—Na+, Mg2+, Cl-, SO4

2-,
and CO3

2-, to name just a few—and long-
and short-chain saturated and unsatur-
ated alkanes, alkenes, ketones, and car-
boxylic acids.

Collecting sea salt particles from a C-
130 aircraft flying 100 feet above the ocean
requires innovative sampling techniques
to concentrate and preserve the few thou-
sand particles that we can collect before
speeding into a different air mass. After
getting them into the laboratory while still
cold, we focus on retaining all of the col-

lected particles for analysis, because the
few micrograms that are collected may rep-
resent hundreds of different particulate
species. The small quantities involved pre-
vent us from using traditional methods of
chemical extraction and separation, so in
situ nondestructive techniques such as
Fourier transform infrared spectroscopy
and X-ray fluorescence spectrometry are
ideal for bulk samples.

Innovative new particle-sampling tech-
niques represent a new frontier in the
identification of organic species in indi-
vidual particles. Specially designed parti-
cle impactors collect aerosols from air-
craft for analysis by X-ray spectro-
microscopy at Lawrence Berkeley
National Laboratory’s Advanced Light
Source. This process provides informa-
tion about types of chemical compounds
present in individual particles as small as
0.1 m m in diameter. New techniques like
this one certainly offer important ad-
vances and will allow us to understand,

particle by particle, how and where aer-
osols grow and evolve in the atmosphere.

Because the size of a particle determines
its lifetime in the atmosphere, predicting
how much particles grow helps us deter-
mine how long they last. Unlike greenhouse
gases, which remain in the atmosphere for
decades, aerosol particles have atmos-
pheric lifetimes of only days. As a conse-
quence, the cooling or “white house” effect
of aerosols—caused by reflection of the
sun’s rays, much like the cooling effect of
white paint on a house or car—is regional.

The inhomogeneity of local meteoro-
logical changes means it is critical for us to
understand what our neighbors are emit-
ting—particularly those who are upwind. To
this end, my research group is participating

in the Aerosol Characterization
Experiment-Asia, sponsored by the
International Global Atmospheric
Chemistry Project, with hundreds
of investigators in Iwakuni, Japan.
The goal is to quantify particle emis-
sions carried from the South China
Sea eastward across the Pacific
Ocean to the western United States.
As rapid industrial growth in the Far
East brings economic development
over the next 20 years, particle emis-
sions to the atmosphere will change
substantially.

Providing a time history of that
change will provide clues to identi-
fying which emissions are most
important to reduce to minimize
climate change. The ensuing equally

important challenge for chemical engi-
neers in this multidimensional and multi-
disciplinary field is to educate our own
communities and neighboring countries
about these aerosol effects on Earth’s
atmosphere, because developing policy in
this arena requires the cooperation of
everyone from scientists to politicians—
including the engineers responsible for all
of the steps in between.
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