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Effective interactions between Spherical Nucleic Acid-Au Nanoparticles: 

non-specific long-range electrostatic cohesive energy effects 

Controlling the crystallization of colloids, including proteins, from 
solutions has been a scientific goal for decades. The crystallization 
of charged colloids is often induced by using high salt 
concentrations, a process referred to as “salting-out".
A coarse-grained model has been developed (Olvera de la cruz
group) to understand and quantify the effective interactions 
between DNA-grafted gold nanoparticles (Mirkin group) observed 
by In Situ Small Angle X-ray Scattering (SAXS) experiments (Bedzyk
group). In the absence of non-specific short-range attractions 
(e.g., van der Waals or dispersion forces), the simulation show that 
the mean force and the potential of mean force between these 
two equally charged grafted nanoparticles is repulsive at all 
separation if the ionic strength is low. At high ionic strengths, 
however, we observe the appearance of long range attractive 
forces and potentials of mean force that are driven by collective 
electrostatic interactions between ions and DNA chains. Liquid-
state theory explains this attraction as a sum of cohesive and 
depletion forces that originate from ionic correlations. Our work 
provides fundamental insights into the effect of ionic correlations 
in the salting-out mechanism and suggests new routes for the 
crystallization of colloids and proteins using concentrated salts.
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