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MODULE 3: Atmospheric Aerosols

Lecture 2: 

1. Aerosol Characterization: Hands-on 
Exercise of Particle Size Distributions

2. Particle Microphysics Overview and 
Thermodynamics

Aerosol Characterization: Hands-on Exercise of Particle Size Distributions
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Particle Microphysics Overview and Thermodynamics

Aerosol climatic and environmental impacts

depends on

which have large spatial and temporal variations.

Concentrations,

Sizes,

Compositions,

Mixing States

Emission, Deposition,

Nucleation, Growth,

Coagulation, 
Scavenging,

Aqueous Chemistry 
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Physical processes controlling aerosol properties

Indirect 
climate 
effect
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Cloud
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Aerosol-cloud 
interaction

Direct 
climate
effect

Biomass 
burning

Primary vs secondary particles

Primary particles: Generally dominate particle mass concentration  
Secondary particles: Generally dominate particle number concentration 
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Pinnacle State Park (PSP) 

*

April 7‐21, 2009  104

103

102

101

Evolution of 
particle size 
distribution  

in the 
atmosphere

Data from James Schwab

Secondary particles dominate particle number concentrations 
in most part of the troposphere

Key Aerosol Microphysical Processes 

Several important physical concepts:

(1) Particles are suspended in gaseous medium and interact with gas molecules;

(2) Particles are constantly moving due to Brownian motion and other forces;

(3) A difference in chemical potential causes mass transfer from one phase to another.
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Key Aerosol Microphysical Processes 

Nucleation Condensation Evaporation Coagulation Deposition

Particle 
Number

?? ?? ?? ?? ??

Particle 
Mass

?? ?? ?? ?? ??

Effect on different microphysical processes on particle number and 
mass concentrations: Increase, Decrease, or No Change

Thermodynamics of Aerosols

Gibbs free energy: 

G = H - TS = U + PV - TS

H is the enthalpy, S is the entropy, and T is the 
absolute temperature, U is the internal energy, 
P is the pressure, and V is the volume.

Gibbs free energy of a system containing k chemical compounds can be 
calculated by summation of the products of the chemical potentials and 
the number of moles of each species
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Chemical potential:

nj the number of moles 
of system species

The chemical potential has an important function in the system's 
thermodynamic behavior analogous to pressure or temperature.

A difference in chemical potential can be viewed as the cause for 
chemical reaction or for mass transfer from one phase to another. 

vi is the corresponding stoichiometric coefficient (positive for reactants, 
negative for products)

Chemical Potentials of Ideal Gases and Ideal Gas Mixtures
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Chemical Potentials of Solutions
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Activity
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Gibbs free energy change for the 
formation of a single droplet of 
pure A of radius Rp containing n 
molecules
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Energy of converting 
vapor molecules to 
bulk liquid molecules

Energy required to 
maintain a liquid-gas 
surface boundary
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,

is the chemical potential

Kelvin Equation

S = ratio of eq. vapor 
pressure around a 
droplet (pA) relative to 
above a flat surface 
(p0

A) 

For a droplet to exist, S>1.
pcurved > pflat always

How does S vary with Rp?
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Kelvin Effect

• Rp= 0.01 µm requires RH of 112.5%

• Rp = 0.1 µm requires RH of 100.12%

Questions:

 What are the typical sizes of cloud 
droplets? 

 What are the typical size of particles 
that can be activated as cloud droplets?

Cloud droplet formation

• Supersaturations that develop in natural clouds due to the 
adiabatic ascent of air rarely exceed 1% (RH=101%)

• Consequently, droplets do not form in natural clouds by the 
homogeneous nucleation of pure water.

• Droplets can form and grow on aerosol at much lower 
supersaturations than are required for homogeneous 
nucleation.

Aerosols  Cloud droplets

How does 
aerosol form? 
Next lecture

CCN that activates
into a cloud drop

Aerosol particle
that does not activate

Cloud
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Key knowledge points of Lecture 2:

1. Number, surface area, and mass size distributions: 

CN, CCN, PM

2. Major microphysical processes controlling particle 

properties in the atmosphere

3. Key thermodynamics driving gas-particle interactions

4. Kelvin effect – importance of particle sizes


