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The effective pair potentials between charged nanoparticles in aqueous solutions 

was calculated by using the dressed interactive site model. The short-range pair 

interaction between nanoparticles was found to be Lennard-Jones like with a 

large attractive well at the short-distances (Fig 1). This potential is not sensitive 

to the charge of the nanoparticles. Molecular dynamics simulations were used to 

study the phase behavior of nanoparticles on a surface in aqueous solutions. The 

nanoparticles with small charges form nanoclusters with high degree of ordering 

(Fig. 2) while nanoparticles with large degree of charge do not form clusters or 

only form a few doublet or triplet clusters (Fig. 3). The adsorption of counterions

onto the nanoparticle surface was analyzed. Our results showed that the charge 

renormalization depends on the charges of nanoparticles and the size of the 

nanocluster where the nanoparticle belongs to (Fig. 4).
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Fig. 1: The short-range component of the 

effective pair potentials among the free ions 

at infinite ionic dilution (solid lines) and the 

corresponding Lennard-Jones potentials 

(dotted lines).

Fig. 2: Snapshots from MD simulations for 

nanoparticles (qM=-3) and counterions (q=1) in 

solution confined to a plane The red dots 

represent the nanoparticles while the blue ones 

represent the counterions. These figures were 

prepared using VMD

Fig. 3: Snapshots from MD simulations for 

nanoparticles (qM=-8) and counterions (q=1) in 

solution confined to a plane The red dots 

represent the nanoparticles while the blue ones 

represent the counterions. These figures were 

prepared using VMD
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Fig. 4: Net charge ratio as a function of 

cluster size at different nanoparticle

valences. Small value of ratio indicates 

strong capability to absorb counterions
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