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Lecture 9: Thermodynamics 

of Aerosols
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Dust storm over Denver, Colorado. 
(Source: worldgeography.com)

Laakso et al., 2004Differential/Scanning Mobility Particle Sizer (DMPS/SMPS)
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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 coef
(positive for reactants, negative for products)
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Activity
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Chemical Potential of Water in Atmospheric Particles

pw
o (hpa)T (oC)T (K)

0.136-43.15230

0.377-33.15240

0.954-23.15250

2.227-13.15260

4.847-3.15270

9.9166.85280

19.19316.85290

35.35226.85300

62.28736.85310

Saturation 
vapor pressure

13

14



8

Gibbs free energy change for the 
formation of a single droplet of 
pure A of radius Rp containing n 
molecules

Kelvin Equation
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THERMODYNAMICS OF ATMOSPHERIC 

AEROSOL SYSTEMS

Activity
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The importance of sulfuric acid in aerosol formation in 
the atmosphere has been well recognized. Sulfuric acid 
is very hygroscopic, absorbing significant amounts of 
water even at extremely low relative humidities.

Calculation of the Properties of a H2SO4 Droplet. Consider a 1 
µm H2SO4-H2O droplet in equilibrium at 50% RH. Using Figure 
10.13, calculate the following:

1. The H2SO4 concentration in the solution

2. The density of the solution

3. The boiling point of the solution

4. The droplet surface tension

5. The solution normality

6. The mass concentration of H2SO4 in the solution

7. The size of the droplet if all the water were removed

8. The Kelvin effect parameter

9. The size of this droplet at 90% RH.
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