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Hydrodynamic interaction is

long ranged
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Electrophoresis
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Naive theory for electrophoresis
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The effect of charge screening and hydrodynamic interaction are totally ignored.

“Standard theory” for the transport
In_ionic solution

lonic solution=water+ion Water:dielectric liquid
lon:charged particle

& (vi—v) =-V(kgTInc, +q,y)

V :water velocity lon velocity

Vi:ion velocity ac.
—=—Ve(CvV.

C, :number density \ (Cuvu)

(:electric potential |  Electric field 2 —
eViy = _Z Cid;

Water velocity nvzv = Vp - Zciai (Vi_V)
Vev=0

Smoluchowski equation




Electrophoresis of Uniformly
Charged Spherical Particle
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Important limit :thin double layer

Ka>>1
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Solution can be regarded as a
conductive neutral fluid
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Stokes equation MV V=-Vp

Vev=0
Electric field
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At the outer boundary of the sphere ne V\V =0




Smoluchowsii’s slip velocity
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Conventional equations for thin
double layer limit

Bulk equaion Boundary condition
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Particle Simulator MIKAN
-Microhydrodynamic Kinetic Analyzer-

Masato Makino 0 .
E~ :Electric field
*Boundary element method

*Rigig particles

«Arbitrary shape and F :External force
charge distribution
T :Torque

KgT :Brownian motion

Velocity V=aeF+beT+peE” +AV

Angular
velocity

Q=beF+ceT+qeE” +AQ

Simple result for uniformly charged
particle

Morrison’s theorem Morrison 1970

Uniformly charged particle translates uniformly
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Complex Result for Non-uniformly

Charged Particle
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4(6) = ¢, (3cos” 6 -1)

Place particle at orgin in random
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Surface Slippage Determines the
Electrophoresis
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Hydrodynamic interaction in
charged polymers
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Hydrodynamic interaction for Electrophoresis of charged polymers

neutral polymers
V=Y He(F+qE")

V=S H,(F, +mg) c

V ~ ng oC \/N Correct answer is
GTET]Rh SC .
V =22E” « Independent of N
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Velocity field in sedimentation and

electrophoresis

Sedimentation Electrophoresis
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Rouse Zimm model for charged
polymer
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F, :force W
= S_C' :surface potential of bead i
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Approximate theory
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Result of simulation
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Electric field E”
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Non-electric force
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Reciprocal relations
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Reciprocal relation

The conventional equation fails to explain the
sedimentation potential

Electrophoresis Sedimentation potential
E=V V =E
F =J
E P
V =puE J=pF

Electro-hydrodynamic interaction
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