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A charged nanoparticle (of radius  ) in solution is surrounded by a cloud of ions which are attracted 
electrostatically to the surface of the particle. At a finite temperature, entropy ensures that this ionic 
atmosphere has a characteristic thickness of     (the Debye screening length). The range of the 
repulsions between like-charged particles and many of their physical properties varies dramatically 
with the dimensionless screening ratio   . At large    experiments are in excellent agreement with 

classical DLVO theory. The situation is however less certain for     , where the ionic atmosphere is 
very diffuse and interactions are weakly screened. Recent calculations [1], for instance, have 
suggested that for strongly overlapping double layers the strength and character of the repulsions 
between charged surfaces should change substantially at small separations. Earlier work [2] has even 
questioned if charged particles might not be repulsive at all at very low ionic strengths. In this talk, we 
explore the properties of highly-charged 
colloids at ultra-low ionic strengths. We use a 
novel system [3] of ionic-liquid stabilized 
nanoparticles dispersed in a non-polar solvent 
to generate high particle charges in a low 
dielectric environment. By careful purification 
we ensure that the system contains only the 
exact number of counter-ions required for 
neutrality and the ionic strength is extremely 
low. Using holographic optical tweezers and 
synchrotron X-ray scattering techniques we 
probe the interaction potential over a wide 
range of particle concentrations. We find a 
surprisingly strong non-monotonic dependence 
on particle concentration. The finding has 
important implications for the operation of 
electrophoretic displays. 
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Life at ultra-low ionic strength:  
surprises and a few simple lessons 

 


