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Atmospheric aerosol particles may occur as solid or liquid or as a mixture of both depending on their compositions
and ambient conditions. Carbonaceous combustion aerosol particles such as soot and related substances are known
to be solid and undergo chemical reactions at the surface rather than in the bulk (black or elemental carbon,
graphene, polycyclic aromatic hydrocarbons). Until recently, secondary organic aerosol (SOA) particles formed
in the atmosphere from condensable oxidation products of volatile organic compounds were assumed to be liquid.
Virtanen et al. (2010) [1], however, showed that biogenic SOA particles formed in plant chamber experiments
and in new particle formation events over boreal forests can adopt an amorphous semi-solid state. Many organic
substances, including carboxylic acids, carbohydrates and proteins, tend to form amorphous phases upon cooling
or drying of aqueous solution droplets. Depending on viscosity and microstructure, the amorphous phases can be
classified as glasses, rubbers, gels, or highly viscous liquids [2].

Here we demonstrate how molecular diffusion in the condensed phase affects the gas uptake and chemical
transformation of semi-solid particles. Flow tube experiments show that the ozone uptake and oxidative aging of
amorphous protein is kinetically limited by bulk diffusion. The reaction rate depends on the diffusion coefficients
of both the gaseous and the condensed phase reactants, which can be described by a kinetic multi-layer flux model
[3] but not by the traditional resistor model approach of multiphase chemistry. Based on numerical simulations, we
present first spatial and temporal profiles of the concentration and reaction rate of ozone and reactive amino acid
residues in an amorphous protein matrix. The chemical lifetime of reactive compounds in atmospheric particles
can increase from seconds to days and more as the diffusion coefficients decrease over ten orders of magnitude
from liquid to solid state. These results and related recent studies demonstrate that the occurrence and properties
of amorphous semi-solid phases challenge traditional views and require advanced formalisms for the description
of organic particle formation and transformation in atmospheric models of aerosol effects on air quality, public
health, and climate.
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