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General remarks about the classical DFT method: 

DFT offers a powerful mathematical framework to describe the equilibrium properties of 

many-body systems in terms of the one-body density profiles. Classical DFT is an alternative to 

molecular dynamics or Monte Carlo simulation methods; it is computationally efficient and 

allows one to precisely tune the external parameters such as ion diameter and pore size over a 

large range of length scales. Because of its numerical efficiency, one may focus on the most 

important physical problems to be addressed without worrying too much about the molecular 

details. For a general introduction to the classical DFT, we refer the readers to two previous 

reviews [1-2]. 

 

Computational details: 

The classical DFT calculations are based on the grand canonical ensemble (VT), in 

which the chemical potentials of the salt and the solvent, volume and temperature are fixed. In 

this work, the chemical potentials are specified by a bulk solution of TEA-BF4 in ACN at 

concentration 1.5 M. This concentration simply translates into a number density of 0.903 nm
-3

 

for the cation or the anion; by using the experimental molecular volumes for TEA-BF4 and ACN, 

we estimate the number density of the solvent molecules to be 8.49 nm
-3

, about 10 times that of 

the cation or the anion. In other words, the organic electrolyte is numerically dominated by the 

solvent molecules. The particle concentrations inside the slit pore can be higher or lower than the 

bulk values depending on the specific system such as the pore size, surface potential, etc. 

A coarse-grained model for the organic electrolyte was used in our DFT calculations. In 

this model, the cations and anions are represented by charged hard spheres of equal diameter 

( 0.5nm    ) and valence ( 1Z Z    ), each acetonitrile (ACN) solvent molecule is 
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represented by two touching spheres of the same size ( 0.3nm     ) but opposite charges 

( 0.238Z Z     ). The pair potential between charged hard spheres  i  and j  is given by  
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where r  is the center-to-center distance, and e  is the elementary charge. Dielectric constant 

=1 because we considered all components in the organic electrolyte explicitly. While the coarse-

grained model is a drastic simplification for the organic electrolyte under investigation, we 

expect that it should be sufficient to address important questions concerning the pore-size 

dependence of the EDL capacitance.  

The nanoporous electrode is modeled as a slit pore of two symmetric hard walls (see 

Figure 1 in the text). The wall potential on an ion or a solvent segment is given by  
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where 1/ Bk T  , Bk  is Boltzmann constant, T  is the absolute temperature (fixed at 298 K in 

this work), 2 /Bl e   is the Bejrrum length, Q  is the surface charge density of the wall, d is 

the surface-to-surface separation (or pore width) , and 'z  is the distance from the nearest wall.   

 For given bulk densities of the ions and the solvent molecules, temperature (298 K), the 

pore size, and the surface potential, we solve for the one-dimensional density profiles of cations 

and anions,  z ,    , as well as the solvent segments,  z ,    , across the slit pore 

by minimization of the grand potential[3]  



4 

 

 

    

       
,

,M

M M M

F

d d



  


   

     
 

    

           

R r

R R R r r r
 (3) 

where  ,  R r r  are two coordinates specifying the positions of two solvent segments,   is 

the chemical potential of the ion  , M  is the chemical potential of the solvent,   r  stands 

for the external potential of cations and anions, and  M R  is the external potential for a 

solvent molecule, i.e.      M          R r r , and F  is the intrinsic Helmholtz energy. 

The number densities of the positive and negative segments    r  and    r
 
are calculated 

from 

      1 Md    r R r r R , (4) 

      2 Md    r R r r R . (5) 

The Helmholtz free energy F  includes an ideal-gas contribution and an excess  
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where bV  stands for the bonding potential of the solvent molecule 
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in which ( )r  is the Dirac function,           is the monomer diameter.  
exF  is the 

excess Helmholtz free energy arising from the thermodynamic non-ideality (viz. due to the 

excluded-volume effect and electrostatic interactions). In this work, we use the modified 

fundamental measure theory [4-5] to account for the hard-sphere repulsion, the first-order 
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thermodynamic perturbation theory to account for the chain connectivity [3, 6-7], and a quadratic 

functional expansion [3] to account for the electrostatic correlation. The detailed expression of 

each contribution and the numerical details can be retrieved from Ref. [8-9].  

 In evaluation of the Coulomb energy, we calculate the mean electrostatic potential (MEP) 

  from the density distributions of the ions by using the Poisson equation: 

 2 4 ( )
( ) c




  
r

r , (8) 

where ( )c r  is the charge density distribution. Eq. (8) can be integrated with the boundary 

conditions 0( 0)z    and ( ) dz d   . On the other hand, the surface charge density Q  is 

obtained from the condition of charge neutrality.  

The densities for both the ions and the solvent were initiated as a uniform distribution. 

After obtaining the equilibrium density profiles of ions and solvents as well as the surface 

density (Q) for the specified surface potential (   ), one proceeds to derive the integral 

capacitance, defined as C = Q/(   
   

  where 
   

 is the potential at the point of zero 

charge. We chose    at 1.5 V; in our one-electrode setup (Figure 1 in the main text), this voltage 

is relative to the bulk solution; we also assume that there is a symmetric electrode at -1.5 V 

versus the bulk solution.  
   

  is zero in our case because of the symmetric cations and anions 

(that is, equal size) and solvent dipoles used in this work; following this symmetry, Q at 1.5 V is 

exactly the opposite of that at -1.5 V (that is, –Q). Hence the integral capacitance at the 1.5 V of 

the positive electrode is equal to that at the -1.5 V of the negative electrode; together they 

correspond to a voltage window of 3.0 V. This 3V voltage window is close to that is usually used 

to measure the capacitance of a supercapacitor with an organic electrolyte in a galvanostatic test 

[10] where voltage windows from 2.0 V to 2.7 V were used. Due to the symmetric carbon 
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electrodes used in the supercapacitor assembly, the voltage window at 2.7 V can be understood 

as that the positive electrode is at 1.35 V and the negative at -1.35 V. If we use a smaller voltage 

window such as 2.3 V, that would correspond to a 1.15 V surface potential in our one-electrode 

setup. We found that the capacitance versus the pore size remains pretty much the same (see 

Figure S1 below).  

 

Figure S1. Integral capacitance versus pore size at two different voltage windows: 2.3 V and 3.0 

V, which correspond to a surface potential of 1.13 V and 1.50 V, respectively, in our one-

electrode simulation setup (Figure 1 in the main text). 
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Density profiles inside the 0.525nm and 0.75nm slit pores: 

 

Figures S2 and S3 below show density profiles of ions and solvents inside the 0.525nm 

and 0.75 nm slit pores, respectively, and are discussed in the main text. 

 

Figure S2. Reduced density profiles of the anion (green), and the negative segment (pink) and the positive 

segment (blue) of the dipolar solvent across the 0.525-nm slit pore at 1.5 V surface potential.  

 

Figure S3. Reduced density profiles of the anion (green), and the negative segment (pink) and the positive 

segment (blue) of the dipolar solvent across the 0.75-nm slit pore at 1.5 V surface potential.  
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