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Lecture 12: Mass transport to or 

from atmospheric particles : 

Condensation and Evaporation
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Nucleation and growth events

Birmili et al., 2000

Stanier et al., 2000

Laakso et al., 2004

in the boundary atmosphere
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Mass transfer: Diffusion flux
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Knudsen Number and three regimes of gas-particle interactions

Knudsen number:

Maxwellian flux

The Continuum Regime
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The Kinetic Regime
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Growth rates of ultrafine particles
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Q: If the observed growth rate (diameter) of 5-10 nm particles is 
3 nm/hr and H2SO4 is assumed to be the only condensing gas, 
what is the concentration of H2SO4 gas ?

Flux matching:

Kinetic theory applies

Continuum theory applies

The Transition Regime
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If     = 1

11

12



7

13

14



8

H2SO4

SO2

Sulfate

O
H

Nucleation

(C*=~0.001 ppt)

Condensation

H2O Hygroscopic growth 

Particle formation = Nucleation + Growth

While the involvement of H2SO4 in atmospheric particle
formation is well established, many field measurements indicate
that the growth rates of nucleated particles are commonly a

factor of ~ 2-20 higher than can be explained by the H2SO4

condensation alone (Kulmala et al., 2004; Kuang et al., 2010).

Secondary Organic Aerosol (SOA)
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