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Sea spray aerosols (SSA) are produced via bubble bursting during wave breaking on the ocean surface, 

and have a wide range of size distribution from sub-micron to super-micron.
1, 2

 SSA not only scatter and 

reflect solar radiation, but also can act as cloud condensation nuclei to facilitate formation of clouds.
3
 

Since sub-micron SSAs have a longer life time in the atmosphere, they can show a considerable aerosol 

effects for a longer time compared to the super-micron SSAs.
4, 5

 During bubble bursting, organic, 

inorganic, and biological materials dissolved in bulk sea water can be transferred into SSA.
2, 6

 Film and 

jet drops formation can control the size selective enrichment of surface active organic compounds in SSAs. 

As a result, SSA display significant particle-to-particle variability in the chemical composition and mixing 

states. These factors determine the water up-taking properties and phase states of SSA in a particular 

relative humidity (RH).
6
 Since, efficient water uptake can induce the growth of SSAs and formation of 

clouds, it is important to have single particle level techniques to assess particle-to-particle variability of 

these properties. Atomic force microscopy (AFM) will be an ideal tool to study single particle phase states 

and water uptake properties, because AFM has imaging capabilities up to 1 nm spatial resolution with 1 

pN of force resolution on substrate-deposited particles.
7
 Moreover, AFM measurements can be performed 

under ambient temperature and pressure, as well as in controlled relative humidity (RH) conditions. High-

resolution 3D height images, which will be produced during imaging in different RH conditions can be 

used to quantify the water uptake of individual particles.
7-9

 Moreover, force plots collected during each 

RH values can be used to quantify the phase states of the particles. Atomic force microscopy (AFM) is 

employed here to directly access the phase states and water up take ability of SSA particles as a function 

of RH on a single particle basis. In this study SSA were produced over the course of phytoplankton blooms 

in an isolated ocean-atmosphere facility containing 19,000 L of natural sea water with wave braking 

ability. Once produced, SSA were size selected and substrate deposited using micro orifice uniform 

deposition impactor (MOUDI) prior to the AFM studies. Here we show how phase states and water uptake 

vary as a function of particle size and evolve during the biological activity in sea water. 
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Figure 1. Figure 01 represents the Schematic diagrams of Atomic force microscopy (AFM) (A), Phase 

and 3D height image of a model NaCl: Glucose core-shell separated particle (B). Here dark color cube 

represents the salt, while white color outer shell represent the organic shell. Representative force plot 

obtained from the AFM on a model particle (C) 

 
Figure 2. Figure 02. Shows the schematic diagram of ocean surface with sea surface micro layer and bulk 

water. This figure mainly focused on describing the bubble bursting at the water interface to form the sea 

spray aerosols and influence of those sea spray aerosols towards to the climatic changes. 
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