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A widely accepted mean field theory to predict the forces 
between metal-oxide particles suspended in a liquid medium 
is the so-called DLVO theory. In its simplest form (applicable 
to “pure” systems, e.g. particles suspended in a liquid phase 
without surfactants), the total potential of interaction between 
two particles is obtained by the summation of an electrostatic 
and a van der Waals interaction energy which amplitude 
depends upon the interparticle distance. 

The success of this theory is based on good accuracy 
predictions for micron-sized particles and its simplicity of use 
due to its simple analytic form. However, when particles with 
small radii (r < 100 nm) are being considered, predicted 
stabilities are less accurate, and in some cases even 
contradictory to experimental evidence. The predominant 
source of discrepancy can be identified as the inherent 
simplifications of the ionic polarization layer near the 
particles surfaces. Both the neglected surface curvature and 
the structuring of the water close to the surface will have an 
non-negligible effect on electrostatic particle-particle 
interactions. 

The issue is further complicated in the presence of 
surfactants or polymers adsorbed at the surface e.g. for 
biocompatibility. Even considering charge neutral polymers, 
adsoption will lead to a reduced accessibility of the charged 
surface for the ions thus will influence the ionic distribution. 

The focus of this work is therefore to develop a new and 
comprehensive calculation method for the electrostatic 
double layer, including curvature and specific ion-ion and 
ion-surface interactions and adsorbed polymers. To correctly 
describe the electrostatic ion-ion interactions a new 
mathematical description will be presented. Additionally 
molecular dynamics calculations were done to estimate the 
specific ion-surface interactions. Finally different types of 
Monte Carlo calculations were done to estimate both the 
conformation of adsorbed polymers and the ionic distribution 
close to the particle surface. Significant deviations from the 
classical picture used by the DLVO theory were found. 

 


