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Numerical Calculation Details of the DDFT Differential Equation

In this appendix, the numerical calculation details of the DDFT differential equations are 

provided. 

Local mean electrostatic potential

The local mean electrostatic potential can be obtained by solving the modified Poisson 

equation. In slab symmetry, the Poisson equation reads: 

. (A1)
   

0

,
,




 
 

  
 

 i i
ir

d z td e Z z t
dz dz

where i refers to the ion species. Along the z direction, we integrate eq.(A1), yielding: 
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We set = C, and then eq.(A2) follows:
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Further integration of eq.(A3) gives: 
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By setting , eq.(A4) can be simplified as:   
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With partial integration on the right part of eq.(A5), we have:
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The substitution of the above equation into eq.(A5) finally gives:
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where the constant C can be obtained by combining with the boundary condition eq.(4):

. (A8)       
0

0

, 0, ,  
 

        
 


H

i i
ir

eCH H t t H z Z z t dz

Algorithm and computational details for solving the DDFT differential equation

With the help of center difference method, the gradient of local chemical potential reads:
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A further application of center difference method on the gradient of chemical potential gives:
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When  and , the ionic density and chemical potential is given by the 1j j H z 

boundary equations (5)-(6) 

With the help of  determined above, equation (7) can be integrated   z , ,i i j t tU  
 

with Adams-Bashforth (AB) algorithm to give the new local density. Specifically, the 
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second-order AB algorithm and the fourth-order AB algorithm are combined in order to 

accelerate the numerical calculation process. For the first four time steps, the second-order 

AB algorithm is utilized, and thereafter the fourth-order AB algorithm is applied. 

The second-order AB algorithm reads:

, (A11)         *
1 1 1, , 3 , , , ,

2i k i k i i k k i i k k
tz t z t z t t z t tU U     

           

and the fourth-order AB algorithm reads:
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The intermediate local density  is determined by the Adams-Moulton (AM)  * ,i kz t

algorithm. Similarly, the second-order AM algorithm and the fourth-order AM algorithm are 

combined. For the first four time steps, the second-order AM algorithm is utilized, and 

thereafter the fourth-order AM algorithm is applied. 

The second-order AM algorithm reads: 
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and the fourth-order AM algorithm reads:
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The gradient of chemical potential  is computed by using another   1 1, ,i i k kz t tU   
  

intermediate local density , which is calculated by combining the prediction of   1,i kz t 
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 from the AB algorithm and  from the AM algorithm. 1,i kz t   *
1,i kz t 
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Here  is the relaxation factor, we take =0.4 during the calculation.  


