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INTRODUCTION

o Charge...

Surface
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ELECTRICAL DOUBLE LAYER (EDL)

Stern layer

Diffuse layer

g = ( Zeta-potential




GOUY-CHAPMAN-STERN MODEL

V- (Ve) = —p

P = ;2 € Bulk concentration of

‘ / 1ons

? {-Z"{p( HI/AT)

Concentration of 10ons n;, = n

Poisson-Boltzmann equation:
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GOUY-CHAPMAN-STERN MODEL

o Solution method od the Poisson-Boltzmann eq.
» Debye-Hiickel approx. Works only for |zijen| < KT
* Gouy-Chapman model:

o Flat surface
o Symmetric electrolite z; =z, =z =z

9 f
d?y 2nze | zey
S = sinh —

da= £ ;

tanh(zew /4KT) = tanh(ze(/4KT) exp|—r(x — d)]

2226200

sk’

Debye-Hiickel parameter K = w




GOUY-CHAPMAN-STERN MODEL

tanh(ze /4ET) ~ ze) JART




GOUY-CHAPMAN-STERN MODEL

o Diffuse layer charge

> Anze ze(
— da = — sinh
oa /d pde WY O — sinh =

o Adsorbed charge in the inner region (Stern layer, Stern
1924, Graham 1947)
o No charge within the layer of thickness o,

0, -_
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GOUY-CHAPMAN-STERN MODEL

o What is the charge distribution in the layer 6?

e Uniform space charge distribution, distant-dependent
permittivity

Or

e All ions are assumed to be confined to a layer and are treated
as point charges.

o — Wy = 000i/&;

Vi —va = —0g4d/eq




ELECTRO-OSMOSIS

o Motion of liquid induced by an applied electric field

W —Vp = —pE
Vv = 0

Stokes equations

Slip velocity U = Ep¢& -r('i,-;'"/‘ — )E / 11 Smoluchowski 1903




ELECTROPHORESIS

o Motion of suspended particles in an applied electric field

v = ,u.EE

Electrophoretic mobility
HE = EUE'FC/T?

Smoluchowski 1921




STREAMING CURRENT AND
STREAMING POTENTIAL

o Current appearing due to double-layer charge movement
with the fluid

o Transfer of charge downstream (due to pressure
gradient) 1s balanced by current due to electric field

o Potential drop associated with this field: STREAMING
POTENTIAL
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STREAMING CURRENT AND

STREAMING POTENTIAL |
Pressure difference
Poiseuille flow in a tube: /
AP 2 2
v = 4??11({1 — )
T Tube length

Electric current due to convection:

11:/ 211 pe (1) v (1) dr
0

Dominant contribution from the double layer:

v~ [Apa/2nL](a — r) pely) = —¢ 2

y=a—r




STREAMING CURRENT AND

STREAMING POTENTIAL
Apa’m /a
I = — e(y)ydy
I A A ()
d?1)
pely) = —¢ d;; y=a-—r
Balance of currents:
(i ’}'T{IQ . EC Ap
I :——CTAP k= nk L
T
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, . Streaming potential
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MEASURING THE STREAMING
POTENTIAL

Fig. 4. A schematic view of the set up used for the streaming potential measurement: (1) the cell: (2) electrodes for streaming
potential measurements: (3) electrometer; (4) electrodes for cell resistance measurements; (3) conductivity cell: (6) conductometer.

M. Zembala et al. Colloids and Surfaces A 195 (2001), 3-15




PARTICLES ADSORBED AT THE
INTERFACE — WHAT CHANGES?

Rapid decrease of the
. streaming current/potential
with particle concentration 0




TO BE CONTINUED...

o Can this dependence be explained theoretically??
e Hydrodynamics
e Statistical Physics

$

o Virial expansion, Simulations




