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PREFACE

The principal aim of this book is to provide a tool for discussing various phenomena
at biointerfaces such as the surface of cells on the basis of biophysical chemistry.
For nonbiological interfaces, colloid and interface science, one of the major
branches of physical chemistry, forms a powerful basis for understanding various
interfacial phenomena. The Derjaguin—Landau—Verwey—Overbeek (DLVO) theory
explains well the stability of colloidal suspensions in terms of the electrostatic and
van der Waals interactions between the particles. The behavior of colloidal particles
in an applied electric filed is analyzed by electrophoresis theories of Smoluchowski,
Hiickel, and Henry. The charge or potential of the particle surface plays an essential
role in the above-mentioned phenomena. It must be noted here that the parti-
cle-fixed charges are assumed to be located only at the particle surface (of zero
thickness). This model, however, is by no means a good approximation for biocol-
loids such as biological cells. For such particles, fixed charges are distributed over
some depth on the particle surface, or the particle surface is covered with a poly-
electrolyte layer. We call polyelectrolyte-coated particles soft particles. In this
book, we discuss various phenomena at biointerfaces, that is, potential and charge
at interfaces, electrokinetic phenomena at interfaces, and interactions between sur-
faces, on the basis of the soft particle model. We will see that the Donnan potential
as well as the surface potential is an important factor controlling electric properties
of soft particles or soft surfaces.

I would like to express my sincere thanks to Professor Tom Healy and Professor
Lee White, who introduced me into the field of electrokinetic phenomena when I
stayed as a postdoctoral fellow at the University of Melbourne in 1981-1983. 1
would like to thank Professor Shinpei Ohki at the State University of New York at
Buffalo, where I stayed as a postdoctoral fellow. He pointed out to me the important
role of the Donnan potential in electric phenomena of soft particles. I am happy to
thank my sons Manabu and Nozomu and their wives Yumi and Michiyo for their
understanding and help during the writing of this book.

Finally, T would like to gratefully acknowledge the assistance provided by Ms.
Anita Lekhwani, Senior Acquisitions Editor, and Ms. Rebekah Amos, Editorial
Program Coordinator.

Hirovukt OHSHIMA
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PART 1
Potential and Charge at Interfaces






1 Potential and Charge
of a Hard Particle

1.1 INTRODUCTION

The potential and charge of colloidal particles play a fundamental role in their interfa-
cial electric phenomena such as electrostatic interaction between them and their mo-
tion in an electric field [1-4]. When a charged colloidal particle is immersed in an
electrolyte solution, mobile electrolyte ions with charges of the sign opposite to that
of the particle surface charges, which are called counterions, tend to approach the
particle surface and neutralize the particle surface charges, but thermal motion of
these ions prevents accumulation of the ions so that an ionic cloud is formed around
the particle. In the ionic cloud, the concentration of counterions becomes very high
while that of coions (electrolyte ions with charges of the same sign as the particle
surface charges) is very low, as schematically shown in Fig. 1.1, which shows the
distribution of ions around a charged spherical particle of radius a. The ionic cloud
together with the particle surface charge forms an electrical double layer. Such an
electrical double layer is often called an electrical diffuse double layer, since the dis-
tribution of electrolyte ions in the ionic cloud takes a diffusive structure due to thermal
motion of ions. The electric properties of charged colloidal particles in an electrolyte
solution strongly depend on the distributions of electrolyte ions and of the electric
potential across the electrical double layer around the particle surface. The potential
distribution is usually described by the Poisson—Boltzmann equation [1-4].

1.2 THE POISSON-BOLTZMANN EQUATION

Consider a uniformly charged particle immersed in a liquid containing N ionic spe-
cies with valence z; and bulk concentration (number density) n)* (i=1,2,...,N)
(in units of m > ). From the electroneutrality condition, we have

N

D unP=0 (1.1)

i=1

Usually we need to consider only electrolyte ions as charged species. The elec-
tric potential (r) at position r outside the particle, measured relative to the bulk
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