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1. Overview

Significance: Accurate predictions of
atmospheric aerosol thermodynamics are central
to predictions of aerosol size, optical properties,
and cloud formation. However, atmospheric
aerosols exhibit highly complex behavior (right)
and lack a comprehensive thermodynamic

model, especially at low relative humidities gas
(RH).

Objective: Our aim is to derive an analytic
thermodynamic model for electrolyte containing
mixtures over the entire RH range.

~aulibria Methods: We use statistical mechanics,
iquid < liquid | adsorption isotherms and electrostatic
iquid <> solid | relationships to capture the thermo-
aesacation | dynamics of electrolyte containing solutions
colid <> gvs | OVer the entire concentration range (detailed
below). We take the unusual approach of
starting with a model that is accurate at the
S low RH limit and working up to high RH
limit. This ensures meaningful predictions

when applied at low RH, where data is

often scarce.
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Step 2: Hydrate using short- :
range electrostatics (C's) Step 2: Next, we Improve the above model by

accounting for the energetic costs of the hydration of
salts in water.

Relating single solute concentration and water activity (3 layers):

o[ _1-K,a, (1-K,a,(1-C, )~ K2a’C,,(1-C,,))
- My, K,a, )(1-K,a,+K,aC,,)1-K,a,)+K,a,C,

w' j gl wow 2

4. Key Results

- Statistical mechanics, adsorption isotherms, a Debye-
Hickel expression, and near-ion electrostatics combine to
yield a thermodynamic model of aqueous solutions for
atmospheric applications.

Step 3: Finally, we expand the model to the RH =
100% limit by incorporatinig electrostatic limiting
law_behavior (Debye-Htickel), similar to the long
range terms seen in the PSC model.
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Relating single solute activity and water activity (3 layers):
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