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Main Point

Solvation computation
can benefit from

operator simplification,

and non-Poisson models.
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Bioelectrostatics
The Natural World

Induced Surface Charge on Lysozyme
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Bioelectrostatics
Physical Model

Electrostatic Potential ϕ

Region II: solvent
Region I: protein

Surface
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Bioelectrostatics
Mathematical Model

We can write a Boundary Integral Equation (BIE) for the induced
surface charge σ,

σ(⃗r) + ϵ̂

∫
Γ

∂

∂n(⃗r)
σ(⃗r ′)d2r⃗ ′

4π||⃗r − r⃗ ′||
= −ϵ̂

Q∑
k=1

∂

∂n(⃗r)
qk

4π||⃗r − r⃗k ||

(I + ϵ̂D∗)σ(⃗r) =

where we define
ϵ̂ = 2

ϵI − ϵII

ϵI + ϵII
< 0
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Origins of Electrostatic Asymmetry
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Explicit−solvent molecular dynamics FEP

Standard Maxwell boundary condition

Proposed nonlinear boundary condition
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Origins of Electrostatic Asymmetry
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Origins of Electrostatic Asymmetry
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∆

Solvent-exposed 
   charge 

Asymmetry for a deeply
buried charge is exclusively
due to the static potential  

Asymmetry for a solvent-exposed 
charge results from both the static 
potential and the hydrogen-oxygen 
size difference

The nonzero slope at q=0 is the static potential  Deeply buried charge

Symbols: explicit-solvent free-
energy perturbation calculations

Lines: piecewise-linear
model plus static potential
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Main Idea

Solvation-Layer Interface Condition (SLIC)

Instead of assuming the model and energy
and deriving the radii,

ϵI
∂ΦI

∂n
= ϵII

∂ΦII

∂n
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Main Idea

Solvation-Layer Interface Condition (SLIC)

assume the energy and radii and derive the model.

(ϵI −∆ϵh(En))
∂ΦI

∂n
= (ϵII −∆ϵh(En))

∂ΦII

∂n
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Main Idea

Solvation-Layer Interface Condition (SLIC)

Using our correspondence with the BIE form,(
I + h(En) + ϵ̂

(
−1

2
I +D∗

))
σ = ϵ̂

Q∑
k=1

∂G
∂n

where h is a diagonal nonlinear integral operator.
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SLIC
Boundary Perturbation

h(En) = α tanh (βEn − γ) + µ

where
α Size of the asymmetry
β Width of the transition region
γ The transition field strength
µ Assures h(0) = 0, so µ = −α tanh(−γ)
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Accuracy of SLIC
Residues
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MD FEP

Poisson, Roux radii

NLBC, extrapolated

NLBC, 4 vertices/A
2

NLBC, 2 vertices/A
2
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Accuracy of SLIC
Protonation
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Symmetric LPB

NLBC LPB
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Accuracy of SLIC
Synthetic Molecules
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Negative (MD, Mobley et al)

Positive (MD, Mobley et al)

Negative (NLBC, this work)

Positive (NLBC, this work)
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Accuracy of SLIC
Synthetic Molecules
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Accuracy of SLIC
Synthetic Molecules

2 3 4 5 6 7 8 9
−70

−60

−50

−40

−30

−20

−10

0

Number of Atoms in Ring

E
le

c
tr

o
s
ta

ti
c
 S

o
lv

a
ti
o

n
 F

re
e

 E
n

e
rg

y
 (

k
c
a

l/
m

o
l)

 

 

Negative (MD, Mobley et al)

Positive (MD, Mobley et al)

Negative (NLBC, this work)

Positive (NLBC, this work)

M. Knepley (Rice) Solvation UNC6 15 / 24



Thermodynamics
The parameters show linear temperature dependence
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Model Validation
Courtesy A. Molvai Tabrizi

Northeastern University | Mechanical and Industrial Engineering Bardhan Lab

Model validation and verification using experiment

Water 
H2O

Ethanol 
C2H5OH

Methanol 
CH3OH

Formamide 
CH3NO

Acetonitrile 
C2H3N

Dimethyl formamide 
C3H7NO

Dimethyl sulfoxide 
C2H6OS

Nitromethane 
 CH3NO2

Propylene carbonate 
CH3C2H3O2CO

14 19
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Model Validation
Courtesy A. Molvai Tabrizi

Northeastern University | Mechanical and Industrial Engineering Bardhan Lab
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Model validation and verification using experiment
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Model Validation
Courtesy A. Molvai Tabrizi

Northeastern University | Mechanical and Industrial Engineering Bardhan Lab
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Dimethyl formamide @ 25oC 
C3H7NO
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Model validation and verification using experiment
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Model Validation
Courtesy A. Molvai Tabrizi

A. Molavi Tabrizi, M.G. Knepley, and J.P. Bardhan,
Generalising the mean spherical approximation as a
multiscale, nonlinear boundary condition at the
solute-solvent interface,
Molecular Physics (2016).
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Thermodynamic Predictions
Courtesy A. Molvai Tabrizi

Experimental Data in Parentheses
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Thermodynamic Predictions
Courtesy A. Molvai Tabrizi

A. Molavi Tabrizi, S. Goossens, A.M. Rahimi,
M.G. Knepley, and J.P. Bardhan,
Predicting Solvation Free Energies and
Thermodynamics in Polar Solvents and Mixtures
Using a Solvation-Layer Interface Condition (SLIC).
Journal of Chemical Physics (2017).
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Thank You!

https://cse.buffalo.edu/~knepley

https://cse.buffalo.edu/~knepley

