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SOA formation method
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SOA formation method

The widely used method to simulate the formation of SOA is the 

two-product modeling framework. 

Typically, ki,j and the stoichiometric coefficients αi,j,k are determined 

by fits to smog chamber experiments, and the chemical structure of 

the products Gi,j,k remains unknown.
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SOA formation method

We propose an approach based on an actual chemical mechanism, 

and a selection of the species that can partition to the aerosol

phase.

The chemical mechanism used includes 194 chemical species and 

611 chemical reactions (Ito et al., JGR, 2006). 
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SOA formation method

To partition to the SOA phase, a given secondary specie must have 

at least one of the following structural characteristics (Griffin et al., 

JGR, 2002).

● Be partially soluble.
● Be an aromatic acid.
● Be an aromatic compound with two functional groups that are 

not aldehydes.
● Have 12 or more carbon atoms.
● Have at least 10 carbon atoms and two functional groups.
● Have at least six carbon atoms and two functional groups, one of

which is an acid.
● Be trifunctional.

Which species can partition to the aerosol phase?



Relevant partitioning species

A-DI
Product of decomposition 

of carbonyl

ACHO
Benzaldehyde

INPN
Peroxide from isoprene

ISNP
Peroxide from isoprene

NITP
Benzyl nitrate 

PINT
Acid from terpenes



SOA formation method

MW average MW of the absorbing organic aerosol phase
ζi activity coefficient of the compound

compound vapor pressure (sub-cooled if necessary)o
iLp ,

[Ai]aerosol concentration of Ai in the aerosol phase
[Ai]gas concentration of Ai in the gas phase 
Ki partition coefficient
M0 concentration of total organic aerosols
[POA] concentration of primary organic aerosols



SOA formation method

What happens to the chemical species in the SOA 
phase?

Chemical reactions

Oligomerization

Dimerization
Re-evaporation to the 
gas phase

Polimerization

Evaporative
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Smog chamber experiments

● Takekawa et al. (Atmos. Environ., 2003) used toluene, m-xylene

and α-pinene as SOA precursors under different NO and NO2 initial 

concentrations.

● Kamens and Jaoui (Environ. Sci. Technol., 2001) used α-pinene as 

an SOA precursor in the presence of NOx.

● Dommen et al. (GRL, 2006) measured SOA formation using 

isoprene as precursor, under 17 different initial concentrations of 

isoprene, NO and NO2. 

Initial conditions



Smog chamber experiments



Ambient simulations

Two three-day simulations were performed using realistic 

atmospheric concentrations and hourly emissions. These 

simulations do not intend to predict the total organic aerosol 

concentrations found in site, but to give a rough estimation of SOA 

production.



Ambient simulations

Rural site: Represents typical rural values for background 

concentrations and emissions that reflect conditions in northern

Michigan. 

Evaporative scheme: 2.9 µg m-3

Non-evaporative scheme: 2.9  µg m-3

Urban-influenced site: Represents average emissions (urban and 

rural combined) for a region corresponding roughly to the states of 

Pennsylvania and Ohio, including large cities, power plants and 

large rural areas.

Evaporative scheme: 3.5 µg m-3

Non-evaporative scheme: 5.3 µg m-3



Composition of the SOA phase



TORCH experiment

In the TORCH 2003 experiment (Utembe et al., Faraday Discuss., 2005; 

Johnson et al., ACP, 2006), ambient concentrations of several species as 

well as organic aerosols were measured in Writtle, Essex, UK, approximately 

40 km to the north east of central London. Measurements were made over 

a period of about one month, under different ambient conditions and plume 

originating sites.

In order to simulate the observed SOA values, the authors of the original 

paper increased the partition coefficient by 500.



TORCH experiment



Sensitivity tests

40% in NOx emissions 4% in SOA concentration

40% in VOC emissions 14% in SOA concentration



Sensitivity tests

40% in NOx emissions

40% in VOC emissions 7% in SOA concentration

39% in SOA concentration



Full IMPACT implementation

● Based on a working version of coupled full chemistry – dynamic 

aerosols (2 modes).

● Dry and wet deposition for SOA set equal to those of the primary

organic carbon aerosols.

● VERY preliminary results…



Full IMPACT implementation



Conclusions

● The main advantage of this model is that the partitioning and 

stoichiometric coefficients are not fitted to experimental data.

● Calculations representing the eastern U.S. suggest that secondary 

organic products formed from biogenic precursors, under 

anthropogenic NOx, are responsible for most of the mass of the 

secondary organic aerosols. Isoprene is relevant.

● The largest production occurs at sunset, when isoprene and 

terpene concentrations are still high and NO3 starts to increase.



Future work

● Impact of clouds?

● Add chemical reactions inside the aerosol phase.

● Include more high molecular weight species in the chemical 

mechanism, specially from anthropogenic sources.

● Add nucleation of SOA.


