
Supplement 
The grand potential of the present model is expressed in eq.(2) of the manuscript as a 

functional of Helmholtz energy for density profile of certain species, in which the ideal gas 
contribution is written as  
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where λ i is the de Broglie wavelengh. The direct Coulomb contribution is given by  
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The excluded volume term, ex
hsF , is calculated according to MFMT, 
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where ni, i = 0, 1, 2, 3 and nVj (j = 1, 2) are scalar and vector total weighted densities respectively. 

The detail definitions for the weighted densities are given in Ref.17. ex
eleF  is derived from a 

truncated second-order functional Taylor expansion around the corresponding bulk fluid, which is 
given by 
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where ( ) ( ) b
i i iρ ρ ρ∆ = −ρ ρ , and{ }b

iρ  is the bulk density of species i. The first-order and 

second-order direct correlation functions are defined as, 
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( ) ( )2
ijC r∆  is obtained from the Ornstein–Zernike integral equation with the MSA [1,2], 
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