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Introduction 

• Overview of published work 

     
Comparison of 6 different DFT approaches 

EDL systems 

A novel DFT approach (RWCA)1 
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1 From Guomin Yang 2015 



Introduction 

• Primitive model 

Fig 1. a) Restricted primitive model 
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Fig 1. b) Non-restricted primitive model 
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DFT model 
 applied on clay systems 

MC data can used for 
validations of DFT model  

Contact theorem for osmotic pressure 
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Fig 2. The net osmotic pressure with σ=-0.14 C/m2 in equilibrium  
           with a bulk solution contain a 2:1 salt (CaCl2). MC data From M. Sega 2010 
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Fig 3. The same as Fig 2 but with different ion size 
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Fig 4. The NaCl is kept constant 100mM, the CaCl2 concentration is varied as  
indicated in the graph. MC data From M. Sega 2010 8 

NaCl and CaCl2 
d=0.4nm, σ=-0.14 C/m2  

NaCl and CaCl2 
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Fig 5. The same as the Fig 4 but only for the case containing 20mM CaCl2 and 100 NaCl solutions 
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NaCl and CaCl2 

d2+=0.6nm 
d+=d-=0.4nm 

d2+=0.4nm 
d+=d-=0.4nm 

Fig 6. The same as the Fig 4 but only for the case containing 5mM CaCl2 and 100 NaCl solutions 



DFT model  
applied on selective adsorption 
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From Valisko 2007  

From Bergaya 2006 
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Validations:  
one electrolyte case 

• RWCA vs Gillespie’s RFD: Cation profiles 

Fig 8. Cation density profiles. d+=0.2nm, d-=0.425nm. 
MC simulations from Gillespie 2005  
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  C1:1=1M, σ=0 C/m2 



• RWCA vs Gillespie’s RFD: Anion profiles 

Fig 9. Anion concentration profiles. d+=0.2nm, d-=0.425nm 14 

  C1:1=1M, σ=0 C/m2 

Validations:  
one electrolyte case 
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Validations:  
two electrolytes case 

•  Case 1: C3:1=10mM, C1:1=50mM, σ=-0.04C/m2 

•  Case 2: C3:1=100mM, C1:1=100mM, σ=-0.16C/m2 
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Validations:  
two electrolytes case 

• Case 1: Trivalent counter-ion profiles 

Fig 10. Trivalent counter-ion distribution function as a function the distance from the  
charged surface (normalized by the trivalent counter-ion diameter d3+=0.9nm). 
MC simulations from M.Q-Perez 2005  
  

  C3:1=10mM, C1:1=50mM  
  σ=-0.04C/m2 
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Validations:  
two electrolytes case 

• Case 1: Monovalent counter-ion profiles 

Fig 11. Monovalent counter-ion distribution function as a function the distance  
from the charged surface (normalized by the trivalent counterion diameter).  

  C3:1=10mM, C1:1=50mM  
  σ=-0.04C/m2 
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Validations:  
two electrolytes case 

• Case 1: Monovalent co-ion profiles 

Fig 12. Monovalent co-ion function as a function the distance from the charged surface 
 (normalized by the trivalent counterion diameter).  

  C3:1=10mM, C1:1=50mM  
  σ=-0.04C/m2 
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Validations:  
two electrolytes case 

• Case 1: Mixtures of Mon- and Multivalent ions 

 

Fig 13. Ion distribution function as a function the distance from the charged surface 
 (normalized by the trivalent counterion diameter).  

  C3:1=10mM, C1:1=50mM  
  σ=-0.04C/m2 
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Validations:  
two electrolytes case 

•  Case 1: C3:1=10mM, C1:1=50mM, σ=-0.04C/m2 

•  Case 2: C3:1=100mM, C1:1=100mM, σ=-0.16C/m2 
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Validations:  
two electrolytes case 

• Case 2: Trivalent counter-ions profiles 

Fig 14. Trivalent counter-ion distribution function as a function the distance from the  
charged surface (normalized by the trivalent counterion diameter) 
MC simulations from M.Q-Perez 2005  
 

  C3:1=100mM, C1:1=100mM  
  σ=-0.16C/m2 
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Validations:  
two electrolytes case 

• Case 2: Monovalent counter-ions profiles 

Fig 15. Monovalent counter-ion distribution function as a function the distance from 
 the charged surface (normalized by the trivalent counterion diameter) 

  C3:1=100mM, C1:1=100mM  
  σ=-0.16C/m2 
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Validations:  
two electrolytes case 

• Case 2: Monovalent co-ions profiles 

Fig 16. Monovalent co-ion distribution function as a function the distance from  
the charged surface (normalized by the trivalent counterion diameter) 

  C3:1=100mM, C1:1=100mM  
  σ=-0.16C/m2 
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Validations:  
two electrolytes case 

• Case 2: Mixtures of Mon- and Multivalent ions 

Fig 17. Ion distribution function as a function the distance from the charged surface 
 (normalized by the trivalent counterion diameter) 

  C3:1=100mM, C1:1=100mM  
  σ=-0.16C/m2 
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