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V. Conclusions
• Oxidation state appears to provide an apparent trend in nucleation
• Nucleation likely depends on several factors including transient ion 

interactions
• Atmospheric salts may exist in solid phase more often than previously 

thought
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• Cold Cell Environmental Chamber

• Optical Levitator

Transient Ion Effects

Effect of Oxidation State on Nucleation

• Mineral dust: 2000 Tg/yr and increasing
• Mineral dust/metallic particles make up 

>60% ice residuals
• Metals in dust: Oxidized readily in air
• Do metal oxide particles impact 

atmospheric nucleation? 
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Control of temperature and relative 
humidity allows for observation of 
depositional ice nucleation on metal 
oxide agglomerate particles 

Capturing a single droplet and 
controlling relative humidity allows for 
observation of collision-based 
efflorescence events between aqueous 
salts and metal oxide heterogeneous 
nuclei

Apparent trend: the higher the 
oxidation state of the metal cation, the 
higher the nucleation ability (in both 
freezing and contact efflorescence 
modes)

V2O5 as outlier in contact efflorescence

Atmospheric 
nucleation = 
Formation of 

solids
• Point of Zero Charge (PZC) greater than pH of ammonium sulfate (~4) 
 positive surface potential

• Therefore, stronger interactions with sulfate anions in aerosol solution
• Explains the outlier of V2O5 (weakly negative to neutral surface potential)

• Disruption of aqueous phase may lead to instability and subsequent 
efflorescence phase-change

CERH = RH when Peff = 0.5
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