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Extended Abstract 
Nanoparticle behaviour in bulk and interaction with the environment could be in part determined by their surface 

physicochemical properties, or surface functional groups. Characterization of the physicochemical state of the surface of 

nanoparticles can be important for predicting and understanding their bulk behaviour, in powders, such as dispersibility in 

water, or solvents, flowing ability, pelleting ability, aggregation, etc., which can be useful for many industries. In fundamental 

science, establishing a correlation between surface properties and nanoparticle bulk behaviour powders represents an ongoing 

challenge. One parameter that could give important insights into physicochemical state of the nanoparticles and their 

capability to interact with the environment through physical forces is the surface energy and its components. The magnitude 

of the surface energy can be interpreted as the ability of the surface to interact through physical forces. Surface energy can 

be broken down into components, such as polar, dispersive, hydrogen bonding, acid, base, etc., and their relative magnitude 

describes the preferred way, following the principles of independent action, through which a surface can interact with a 

solvent, an adsorbate, etc.[1]. For macroscopic surfaces, the surface energy components can be trivially determined by 

measuring the contact angles of several solvents and with the help of existing surface energy models, such as Owens-Wendt- 

Rabel-Kaelble OWRK (dispersive and polar), van Oss-Chaudhury-Good (OCG) (dispersive, acid and base); extended 

Fowkes (dispersive, polar and hydrogen bond)[2], [3]. Determining the surface energies of nanoparticles from contact angles 

with different liquids is not trivial, see the Washburn or thin-layer wicking methods[4], [5]. Several other methods have been 

recently developed, but still represent a challenge in terms of implementing them with different liquids[6], [7]. Here we 

present a comparative study on the surface energies of a series of silica nanoparticles synthesized from the same batch and 

modified with different surface functional groups, such as -NH2, -SH, -CN, -OH, -alkyl and -Gly(glycidyl). The surface 

energy components were determined with the recently developed NanoTraPPED (Nanoparticles Trapped on Polymerized 

Pickering Emulsion Droplets) technique[8], which relies on trapping the silica nanoparticles at the oil/water interface of a 

Pickering emulsion droplet; in this case, the oil is a polymerizable monomer, immiscible with water. Upon polymerizing the 

Pickering emulsion, the nanoparticles are trapped at the interface and with the help of electron microscopy, the contact angles 

can be measured. The results of surface energies and components obtained with different surface energy models, such as 

OWRK, Chaudhury van Oss, and extended Fowkes, for the mentioned nanoparticles are compared. Among the surface 

energy models used for modelling the obtained data, we find the OWRK method to yield the most meaningful results. Further, 

we attempt to correlate the role of the different magnitudes of surface energy components, with the bulk behaviour of 

nanoparticles bearing different surface functional groups function of their dispersibility in water, sedimentation, or pelleting 

ability, emulsification ability, etc.  
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