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Figure S1. The simulation domain including the particle (domain 1) and the electrolyte (domain 

2).  

  



 

 

Figure S2.  Mesh-independence studies: the dipole moment with respect to the frequency for the 

mesh size 310− , 45 10−× , and 410− when 7ζ = − , 0.01Dλ = , and 0.1cδ = . They show excellent 

agreements.   
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Figure S3. The dipole moment as a function of frequency 2

Dδλ  for 3ζ = − and 1=Dλ , 2=Dλ , 

3=Dλ , and 4=Dλ . The solid line and the symbols are respectively the ones from the standard 

PNP model and those from the modified PNP model accounting for electrostatic correlations. 

Here 0.01cδ = .  
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The model setup in Comsol  

Here we used the general form in Comsol to set up the zeroth order and the first-order 

perturbation equations. In Comsol, the general form has a format: 
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In the above,  Γ and F can be specified as an arbitrary function. For example, for equation (13), 
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Eq. (S2) can be rewritten as  
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We can implement Eq. (S3) into Comsol by assigning  
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In this way, Eq. (13) is setup in Comsol. Similar procedures were applied to other equations.  


