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Motivation/Objectives: The need to analyze ozone and aerosols together, and the lack of
fundamental information on potentially important chemical processes, provide the motivation
for this proposed work. The importance of heterogeneous reactions in tropospheric ozone and
aerosol formation, and their impact on O3-precursor relationships will be studied through a

multidisciplinary approach which combines modeling and laboratory components.  The research
is directed towards efforts to significantly enhance our understanding of one of the most
uncertain areas of atmospheric chemistry, i.e., heterogeneous processes.  The combined
laboratory and modeling studies will improve our basic understanding of the chemistry on
aerosol surfaces, will demonstrate and elucidate the interactions and interrelationships between
ozone and aerosol processes,  will assess whether these processes can alter the O3-precursor

relationships upon which present emission reduction strategies are based, and will provide
needed scientific information regarding linkages between tropospheric ozone and secondary
aerosol abatement.  The new laboratory data and the modeling efforts to predict the aerosol
composition of both the inorganic and organic fractions, will also be of direct value to aerosol
radiative forcing and climate change studies.  

The specific objectives of this study are to:

• Evaluate the extent to which heterogeneous chemistry affects the photochemical oxidant
cycle, particularly, tropospheric ozone formation;

• Conduct laboratory studies on heterogeneous reactions involving VOCs on aerosol surfaces;
and

• Explore the sensitivity of ozone and aerosol composition to changes in precursor emissions on
regional scales.
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LABORATORYMODELING

APPROACH

New Approach for Secondary Organic Aerosol Partitioning

STUDY

Dynamics of Aerosol Processes

Combined Kinetics/Thermodynamics Approach

Sensitivity Analysis and Improved Numerical Methods

3D STEM-III transport/chemistry/deposition model Spectroscopic and Kinetic Measurements of Heterogeneous
Processes Involving Mineral Dust and Carbonaceous
Particles

O3 and O3-precursors for input into Atmospheric Models
Determine Heterogeneous Reaction Probabilities of VOCs,

Adsorption of VOCs
Study the Effect of Solar Radiation on Reaction and

FIELD



.

0

1

2

3

4

5

0 1 2 3 4 5
0

1

2

3

4

5

0 1 2 3 4 5
0

1

2

3

4

5

0 1 2 3 4 5

observed [µg m-3] observed [µg m-3] observed [µg m-3]

ca
lc

ul
at

ed
 [

µ
g 

m
-3

]

ca
lc

ul
at

ed
 [

µ
g 

m
-3

]

ca
lc

ul
at

ed
 [

µ
g 

m
-3

]

NH4
+ NO3

- Cl-

y = 0.976 x + 0.005
r = 0.994

y = 1.241 x +0.033
r = 0.822

y = 1.017 x + 0.374
r = 0.893

.

cations anions cations anions
0

50

100

150

cations anions cations anions
0

50

100

150

gas
0

50

100

150

Mg2+

Mg2+

H+ H+

NH4+
Na+

Na+

Ca2+

Ca2+

K+

K+

NH4+
HSO4-

SO42-

SO42-

NO3-

NO3-

Cl- Cl-

HCl

HNO3NH3
HSO4-

fine aerosols coarse aerosols gas

co
nc

en
tr

at
io

n 
[n

 e
q 

m
-3

]

co
nc

en
tr

at
io

n 
[n

 m
ol

 m
-3

]

Observed and model calculated (two-bin 
model) NH4

+, NO3
- and  Cl- at  Ch eju

Island, South Korea. (top panel)

Model calculated aerosol and gas
phase composition for the mean
conditions at Cheju Island, South
Korea. (left panel)
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Comparison between model predicted and observed
ozone concentrations at eight locations in Japan
for May 1987. Shown are values for tropospheric
chemistry with and without the presence of
mineral dust.
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Rs, a measure of the 
acidity of the aerosol, 
is defined as the ratio 
of the total alkaline 
cation conc. to the SO4 
conc. in the aerosol.



Sensitivity analysis with ADIFOR

ACM with exposed input and output variables

Code that computes the simulation results and derivatives

Main program that calls the simulation/derivative code

Executable code

Change global parameters in input files (initial conditions)

Structural and Model changes

Sensitivities

Compile (f77 or cc)

Simulation results

Run the code

Analysis

Atmospheric Chemistry Model - ACM   (FORTRAN or C)

Preprocessing with ADIFOR (automatically)

Manual intervention (done only once)

Select the sensitivities you need



Experimental Considerations

l  Spectroscopic measurements to
  provide both qualitative (what
  reactions are possible) and
  quantitative information

  ÐProvide mechanistic information on the
    molecular level

  ÐNeed to have techniques that can detect
    gas-phase   and   surface-bound species

l  Kinetic measurements to provide
  quantitative information

  ÐDetermine reaction probabilities, g

l  Provide data as input for global
  atmospheric models
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Reaction probability of NO2 on hydrated
metal oxide particles

Ahg =
As

No - Nr
Nr

Ah is the area of the aperture hole to the QMS

As is the geometric area of the reactive surface

No is the mass spectrometer signal
without the reactive surface exposed
Nr is the mass spectrometer signal with
the reactive surface exposed

                    go x 10-4

Al2O3         4+1 (s - 10 runs)
Fe2O3           -
TiO2           2+1 (s - 6 runs)
near 3 x 10-4 at room temperature

Comparison to measurements
made on other particles

go(carbon black) > go (metal oxide) > go(NaCl)

carbon black: 0.11; Rogaski, Golden, Williams GRL, 24, 381-384 (1997)
carbon black: 0.06; Tabor, Gutzwiller, Rossi JPC, 98, 6172-6186 (1994)
NaCl: < 10-5; Beichert, Finlayson-Pitts JPC, 100, 15218-15228 (1996)
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Directions: The importance of heterogeneous reactions in tropospheric ozone
formation and its impact on O3- aerosol precursor relationships will be studied using
both box and three-dimensional models.  Heterogeneous chemistry effects will be
evaluated initially with a time-dependent multi-phase chemistry box model.  A
combined aerosol/gas-phase chemistry model has been developed for this purpose, in
which the detailed multicomponent aerosol dynamics and heterogeneous chemistry on
the aerosol surface are explicitly included.  The important heterogeneous processes will
be identified through sensitivity studies.  Regional simulations for both the eastern and
western United States using the heterogeneous chemistry based on laboratory and box
model studies will also be performed in order to evaluate these processes under
different aerosol, emissions and ambient conditions.  Simulations with and without
aerosol reactions, and for various levels of NOx and VOC emissions will be conducted
to evaluate how the heterogeneous reactions perturb the ozone and secondary aerosol
precursor relationships.  The modeling activity will both provide a means to rapidly
evaluate the significance of the new laboratory findings and will help guide the
laboratory studies.  Laboratory studies will be directed to those areas which have high
sensitivity and high uncertainty.  The experimental methods to be used in the
laboratory studies include Fourier-transform infrared spectroscopy and Knudsen cell
measurements.  A molecular level understanding of the mechanism of adsorption and
reaction of atmospheric gases on aerosol surfaces will be obtained from the infrared
data and more quantitative reaction probability data will be obtained from the Knudsen
cell measurements.  


