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Objective

PARGAN: Particle Growth and Nucleation
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n = dN/dr
g = dr/dt = � (r) g0

kL= wall loss rate
kC= coagulation rate constant

Verheggen and Mozurkewich, ACP 2006

Non-linear regression analysis of 
General Dynamic Equation (GDE)
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Fitting � cumulative number:
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DoesDoes oligomerizationoligomerization leadlead to to increasedincreased SOA SOA formationformation ??

• Coagulation ignored: aerosol growth (i.e. „yes“)

• Coagulation included: no aerosol growth (i.e. „no“)

Answer critically depends
on wall loss.
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Dommen et al, GRL 2006
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First only growth (3 hours), then nucleationFirst only growth (3 hours), then nucleation
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Isoprene photo-oxidation with seed aerosol
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Growth rateGrowth rate
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Fitting fails when particles jump the gap:

However...
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Nucleation rateNucleation rate

• Growth rate provides time of formation (tF)

J = g(tF , rF) × n(tF , rF)

• Integrating net losses backwards in time provides 

number of nucleated particles:

• Nucleation rate, J, obtained via:

n(tF , rF) = n(tM , rM) × exp � klossesdt
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Nucleation rate
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Aerosol evaporation after turning lights off
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Growth rate
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� -pinene ozonolysis with seed aerosol
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Comparison of growth rate with calculated condensing Comparison of growth rate with calculated condensing 
vapor concentration provides the aerosol mass yield: 8 %vapor concentration provides the aerosol mass yield: 8 %

Calculating concentration of condensing
species („pinox“):
• Source: oxidation of � -pinene by O3 (and 
OH)

• Sinks: condensation and wall loss

Verheggen et al., ES&T 2007



15 16-5-2009

Aerosol yield
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Aerosol yield including the saturated vapor
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Internet-based user interface

http://iacweb.ethz.ch/php/pargan

Acknowledgement: Joerg Maeder, ETH
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Thank you
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� -pinene ozonolysis with seed aerosol
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ReasonsReasons forfor time time dependencedependence of of yieldyield ::
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• Organic mass increases with time (Odum model)
• Lifetime of reaction intermediates
• Building up of vapor pressure

• Condensation

Odum et al., 1996
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growth rate ~ [condensable species]excess


