Reciprocal relation of charged particle
with thin electric double layer
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1 Introduction

The Onsager’s reciprocal relation about the charged particle with thin electric double layer is
discussed in this study. The boundary condition of the velocity v° and electric current j° on
the particle surface is denoted as functions of the shear force f* and tangential component of
the electric field E'. This boundary condition is consistent with Onsager’s reciprocal relation.
Using this boundary condition, the reciprocal relation of the spherical charged particle is shown.
The velocity V' and the current dipole P of the particle is expressed as a linear relation of the
force F and the external electric field E. The relation is denoted as the symmetric matrix which -

shows electrophoretic mobility, sedimentation potential and reduction of sedimentation mobility.

2 Boundary condition

In this study, the charged particle with radius a dispersed in ionic solution which has viscosity
7, permittivity e and bulk conductivity o is considered. We assumed that the electric double
layer length ™! on the particle surface is thin. Using Navier, Smolchowski, Ohm and Brunet-

Ajdari’sl) discussions, the Onsager’s reciprocal relation on the charged surface is expressed as
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where ¢ is Navier’s slip length, { is surface potential and o° is surface conduction. The condition

of the positive definite matrix is

VhYe > 72 (2)

where
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7e is called Dukhin number?.

Using the reciprocal relation on the surface, the slip velocity »®* and the current continuity
opE(r) -n(r) + V- j5(r) =0 (4)

, where 1 is unit normal to bulk region on the sruface and V° = (I —nn) -V, are applied and

the velocity and electric fields are solved.

3 Reciprocal relation of spherical particle

The velocity V' and the current dipole P of the spherical particle under external force F and

electric field E are expressed as
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The current J of the system with volume V is denoted as

1
J=abE’+v > P (7)

particles

When J = 0, the sedimentation potential E’ is calculated as
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particles

where Ap is the density difference between the particle and the solvent, g is gravity and ¢ is the

volume fraction of the particle.
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