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Lecture 10: Nucleation or new 
particle formation in the atmosphere
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Nucleation

Classical Homogeneous Nucleation

Kinetic approach

Constrained equilibrium approach (or classical approach)

Steady State

Net FluxKinetic approach
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Collision rate (# cm-3 s-1) between a monomer and an i-mer

(# cm-3 s-1) 

(# s-1) 

i-mer in equilibrium with surrounding vapor 
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Kelvin Equation:
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Steady State

Net Flux
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equilibrium constant for

is the Gibbs free energy 
change for formation of a cluster 
of size i at saturation (S=1)

is forward rate at saturation

How to calculate
Major assumption of classical 
nucleation theory

Capillarity Approximation:
Clusters of a small number of 
molecules exhibit  the same 
surface tension as the bulk liquid

ai is the surface area of a cluster of size i.
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(see textbook 11.1.3 for mathematical derivation)

Homogeneous nucleation rate calculation with excel sheet
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Constrained equilibrium approach (or classical approach)
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Constrained Equilibrium Cluster Distribution

obeys the usual Boltzmann distribution

Thus the unknown steady-state cluster distribution Ni, disappears, 
allowing the nucleation rate to be expressed in terms of the constrained 
equilibrium distribution Ni
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