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Introduction

D   f
M

Macroscopic Electrostatics:

 macroscopic free-charge density

 macroscopic electric displacementD

 f
M

How do we calculate “P” using Molecular 
Information using Molecular Dynamics?
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D 0E P E
E

P

 macroscopic electric field
 dielectric constant 
 macroscopic polarization



3

Electrical Double Layers
Models:

 Poisson-Boltzmann Theory
 Compact-Diffuse Layer Models
 Mean-Field Models

z

V

Compact Diffuse

We need better polarization models to depict reality.

Compact Layer modeled by 
bulk dielectric constant

D E 0E P



Today…

 Polarization interms of molecular positions and 
charges. 

 Dielectric constant of bulk water

Application to electrical double layers

 �At the interface 
 Water at the interface: Dipole and Quadrupole Moments
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Microscopic-Macroscopic Connection
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Microscopic: Macroscopic:

Coarse 
Grain

Can we derive macroscopic electrostatics equation from 
the microscopic electrostatics equation?

Mandadapu et. al. (in prep);
Irving and Kirkwood, 1950

Coarse-graining Charge:

Coarse-graining function

Phase-space
distribution

O
HH



6Irving and Kirkwood, 1950

Coarse-graining the microscopic electrostatic equation:

Macroscopic electric field

Macroscopic 
Dipole Moment

Macroscopic 
Quadrupole Moment

Order of Coarse Graining function :

 Constant:    gives only dipole moment
 Linear:          gives up to quadrupole moment



Bulk Water-
TIP3P(Validation)

7

e1

e2

e3

Applied field

(z z ') 
1

Al
  if  | z z ' | l

0  else             

−0.00398

−0.00396

−0.00394

−0.00392

−0.0039

−0.00388

−0.00386

−0.00384

−0.00382

−0.0038

 0  100  200  300  400  500  600  700

P
O

L
A

R
IZ

A
T

IO
N

[C
/Å

2
]

SIMULATION TIME [ps] 

E = 0.723725 [V/Å] 

Polarization as a time average at the center of the 
simulation box for averaging length of 10 Angs
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Quadrupole 
Moments are 

negligible in the bulk 
!!!



Bulk Water-
TIP3P(Validation)
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Polarization as a time average at the center of the 
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Polarization vs. Resultant electric field 
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Electrical Double Layer – Water + KCl
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Polarization across the channel width for 
averaging length of 0.05 Angstroms. 
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0  else             

KCl conc: 100mM
Debye length : 1nm
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(z z ') 
1

Al
  if  | z z ' | l

0  else             
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Averaging length = 0.1 Angs. Averaging length = 0.5 Angs.

Averaging length = 2.0 Angs.Averaging length = 1.0 Angs.
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(z z ') 
1

Al
  if  | z z ' | l

0  else             

INTERMEDIATE ASYMPTOTIC 
LENGTH SCALE !!!
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Water at the Interfaces
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Dipole and Quadrupole Moments across the channel 
width for averaging length of 0.05 Angstroms. Quadrupole Moments are NOT 

negligible at the interface !!!
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New Models

• Study polarization in compact 
layer and diffuse layers and 
identify intermediate 
asymptotic length scales

• Develop new models. 

D 0E P

z

V

Compact Diffuse
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15Irving and Kirkwood, 1950

Coarse-graining the microscopic electrostatic equation:

Macroscopic electric field

Macroscopic 
free charge

Gives rise to dipole and quadrouple moments 
when expanded around the center of mass of 
the solvent molecule. 



Macroscopic 
Dipole Moment

Macroscopic 
Quadrupole Moment

Order of Coarse Graining function :

 Constant:    gives only dipole moment
 Linear:          gives up to quadrupole moment

Mandadapu et. al., in prep (2012)


