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Interfacial Water Layers
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Molecular dynamics simulations
at planar solid interfaces
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Permanent partial charge distribution

Spherically symmetric Lennard-Jones potential



0.11

SPC/E water (bulk)

Structure factor

I

R

TIP4P/2005

(| {AMOEBA -

e S

F. Sedlmeier et al., JACS 133, 1391 (2011)



SPC/E water (interfaces)
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Dielectric tensor
AD (r) = /soenl (r,7") - AE (") dr’
AE (r) = /65187_”1 (r,7") - AD (¢")dr’

Local dielectric tensor at planar surfaces:

el (z) = /Enl (z)dz

el (2) = ‘/87—“1 z)dz



Dielectric tensor

Excess polarization for a constant field F
Am = (m)g — (m)g

[ (m = (m)o) exp[-B(U — M-F)] dX
~ [exp[-B(U - M-F)] dX
[(m — (m)y)(1 + PM-F) exp[—pU] dX

[exp[—pU] dX

Parallel (constant E)
ey (2) = 1+eq ' B [(my (2) My)o — (my (2))o(M)o]

Perpendicular (constant D)
el (z) m 1 —eg ' B(my (2) Mi)o — (my (2))o(ML)o]

Am ~




Expansion of the electric field

Directly from the charge density

m(2) =~ [ p)dz
m(z) = 1»[1/ By(x, z) dx

Expanding the polarization
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Parallel response

components
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The dipole dominates the parallel response

Roughly proportional to the density



Perpendicular response

components total
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Significant contribution from higher order moments
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Extended Poisson-Boltzmann

£oF, (2) @ D,(2) Dielectric effects
eV (2) = @,(z) — D, (2) Ve[ '(2)
D/(z) = Surface charges

By(2) = e(c(2) — c_(2))

c(2) = 7 ﬁzi(Z),_\
=T V2 YAES2) - o) +220E(2) - <)

5(2) = 6 ) F fey(2))

Steric effects

Other nonelectrostatic contributions



Non-electrostatic
Interaction

soft wall repulsion

Sodium ion density
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Chloride ion density
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Double-layer capacitance
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Analytical approximation

DDS

_ 1 ifz<z
8_1_1(2){81 1
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Debye-Huckel:

ey (z), forz<z*

K2 y(z), forzs>z*
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Electrokinetics
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Electrokinetics

Surface conductivity = /Ooo e[c+ (2) —c_ (z)] [u” (z)/E”] dz +

Go TE @ Aooe[’@ (cy (2) —co) +v— (c— (2) — cp) |d=

Conductive surface charge density:
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Experimental inconsistencies
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Gek (e/n m2)

Electrophoretic mobility
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Gc (e/nm2)

Excess conductivity
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Water ions
Auto-ionization

2H,0 ++ OH™ + H30™

Always present, typically at very low concentration



Experiments on bubbles and ol
droplets

Electrophoresis Spectroscopy
Beattie's sonication experiment Second harmonics generation
Surface tension

Negative effective surface charge Positive effective surface charge
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P/Prui

P/Ppuk

Effect of the charge distribution
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a strong influence on the adsorption



Force fields

a) b)

Like the water:

No atomic polarizability

No molecular polarizability
Parameters: Observables:
1. Lennard-Jones of the oxygen 1. lon-water interaction: solvation free energy
2. Partial charge on the hydrogen 2. lon-ion interaction: activity coefficient
3. Combination rules

vi(zi)z; = e PH—Ho)
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Activity optimization HCI
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Activity optimization NaOH
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Slightly different procedure:

- Fix the partial charge
- Allow for some flexibility

Suphate
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Conclusions

1. capacitance 2. mobility 3. conductivity
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4. Optimization of thermodynamically consistent ion force fields
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