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Influence of Solvent Granularity on the Effective Interactions Between Two 

Overall Neutral Surfaces with Quenched Charge Heterogeneity 

Shiqi Zhou 

School of Physics and Electronics, Central South University, 

Changsha, Hunan, 410083, China 

Abstract: By using classical density functional theory of an electrolyte solvent primitive 

model (SPM), we investigate influences of solvent granularity on the effective interactions 

between two overall neutral planar surfaces with quenched charge heterogeneity over atomic 

length scale. Main conclusions are summarized as follows: (i) With consideration of the 

solvent granularity, the potential energy curves can (but not always) be highly oscillatory 

with a period approximately equal to the particle diameter. (ii) The present 
*

elecu  curve can 

change obviously with the bulk electrolyte concentration of the SPM in contrast with the 

homogeneously charged surfaces, but the concentration dependence of the 
*

elecu  curve will 

decrease as the charge separation extent decreases. (iii) Surface charge distributions, 

electrolyte types and bulk concentrations influence on the 
*

elecu  curve synergistically. For 

asymmetrical surface charge distributions, the electrolyte types and charge separation extent 

do not influence the overall 
*

elecu  curve shape evidently except that the first valley moves 

down with the electrolyte valency; by contrast, the overall morphologies of the 
*

elecu  curves 

for symmetrical surface charge distributions show features: first, for high valency salt and 

low bulk concentrations the 
*

elecu  is purely repulsive; only after the concentration becomes 

high enough, the alternating repulsive peaks and attractive valleys start appearing but still 

with weak strength. Second, in the presence of only low valency salt, the 
*

elecu  curves 

approximately as a whole (particularly the main valley) move up at low concentrations, and 

then move down at higher concentrations. Third, the concentration effect in the symmetrical 

surface charge distributions is not so obvious as that in the asymmetrical distributions. Using 

liquid theory arguments, all of these observations can be explained logically. 
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