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Control of Electrical Potential Across the Interface

water with
electrolytes

X-rays

polar oil with
electrolytes

Requires an interface between two
polar liquids - small potential (~0.1 V)
yields large electric field across
interface ~108 V/m

Some Applications:

Photoinduced electron
transfer (photosynthesis and
photocatalysis)

Separation membranes

Drug transport

Sensor design (microfluidics)
Phase transfer catalysis
Extraction processes

Interfacial Electrical Potential can be used to
Alter concentration and species of ions at interface
Change physical properties of interface
Control molecular transport through interface
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lon Interactions

Two point charges
In continuum
dielectric:
1 Coulomb’s Law 1 g

Electric potential: ¢ = —
Aeqe, I

Two isolated point charges:
Coulomb’s Law

Electric potential: ¢ =




lon Interactions

Two charges
Interacting in continuum dielectric
with other point charges
Debye-Huckel Screening

9 gk

Include Liquid Structure:

Correlations important -
solvent-solvent
solvent-ion
lon-ion




lon Distributions at Interfaces

Point charges in continuum Spatial correlations are important

solvent solvent-solvent
near charged surface: solvent-ion

Gouy-Chapman theory lon-ion
Electrostatic interactions
treated as a mean field
lead to screening
of the charged surface.




Why is knowing the effect
of liquid structure on ion
distributions important?

Screening determines forces
between charged
macromolecules such as

polyelectrolytes

Liquid-liquid interface
L. Pollack’s web site

Effect of ion pairing @
on chemical reactions

and electron transfer

lon or electron transfer

_ Assisted ion transfer
across the interface

Protein-lipid interactions
mediated by multivalent ions




lon Distributions Near Charged Objects
In Electrolyte Solutions
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Electrified Nitrobenzene/Water Interface

Common ion in both phases -
lon partitioning produces
electric potential across interface

Fix initial solution concentration of
TBATPB at 0.01 M in nitrobenzene,
vary TBABr concentration
to vary electric potential.

nitrobenzene water

TBA* Br-in water
TBA* TPB~in nitrobenzene
Predict electrolyte distributions from 0.08M TBABr 0.01M TBATPB

Gouy-Chapman theory
(point charges in continuum solvent)

2
Poisson equation: ae __ p(2
dz? g
Boltzmann statistics.
for ion distribution
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X-ray Liquid Surface/lnterface Instrument

X-ray reflectivity probes the electron density as a function of depth
through the interface (and averaged over the x-ray footprint)
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P(2) electron density profile
R(0) reflected intensity

Sector Il ChemMatCARS Liquid Surface Instrument
Advanced Photon Source
Argonne National Lab
Binhua Lin, Mati Meron
Jeff Sundwall,
Jeff Gebhardt, Tim Graber
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Rev. Sci. Instrum. 68, 4372-4384 (1997)
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X-ray Reflectivity Data & Gouy-Chapman Prediction

X-rays probe electron density

Convert ion distributions to
electron density using ion sizes from
radial distribution functions
from MD simulations
and other measurements.

Add thermal fluctuations of interface
by using capillary wave theory.
The capillary wave interfacial width
Is determined by our
interfacial tension measurements.

X-ray Reflectivity
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Potential of Mean Force and Poisson-Boltzmann Equation
The Effect of Liquid Structure on the lon Distributions

2
12

dz* £

Gouy-Chapman: E;(z)=e¢@(z) Electrostatic energy only
mean field electrostatic interaction between point ions
located in a structureless solvent medium

Potential of Mean Force f;(z) E (2)=e¢(2)+ f,(2)

Integrate average force on a single ion
at different interfacial depths.

(@~ fio=-], (R2(2)d

Calculate with Molecular Dynamics simulations
Accounts for solvent-solvent,
lon-solvent interactions and correlations,
lon and solvent sizes




Potential of Mean Force from MD Simulations
(Ilan Benjamin, UC Santa Cruz)
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Br- and TBA* from MD simulations
TPB-from analytic expression




lon Distributions
0.08M TBABTr in water; 0.01M TBATPB in nitrobenzene
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From Potential of Mean Force From Gouy-Chapman Theory

Includes liquid structure: e No _Iqu|d structure:
finite size ions point ions in structureless solvent

realistic interactions
lons can penetrate interface




X-ray Reflectivity

Gouy-Chapman - - - -
Potential of

Mean Force ——

«. Cconcentration of
« TBABr (M)
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Prediction from
Potential of Mean Force
matches the x-ray data.

No adjustable parameters
and no fitting
In this analysis.

X-ray Reflectivity Data
Gouy-Chapman and
Potential of Mean Force Predictions

Conclusions on lon

Distributions
Importance of liquid structure on

lon distributions in electrolyte
solutions

emonstrated.
Stralghtforwar metﬂod to Include effect

of liquid structure on ion distributions
given by use of
MD potential of mean force in
Poisson-Boltzmann equation --
requires negligible ion-ion correlations.

Method to test potential of mean force
produced by either
analytical theory or simulation.

Apply to multivalent ion distributions
and biomolecular interactions
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