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Abstract: Thickness of a single flat electric double layer

is

considered. The electrostatic mean field and the excluded
volume effects are taken into account. A simple statistical
mechanical approach is used where the particles in the
solution are distributed over a lattice with an adjustable
lattice constant. Dffirent sizes of the ions are described by

dffirent values of the lattice constant. A measure is
introduced that describes an effective thickness of the

electric double layer, a distonce where the density of the
number of counterions drops to a chosen fraction of its
maximal value. It is shown that the ffictive thickness of the
electric double layer increases with increasing counterion
size.

INTRODUCTION
An electric double layer is created by a charged plane in
contact with an electrolyte solution composed of solvent
molecules, counterions (ions with the charge of the oposite
sign than the plane) and coions (ions with the charge of the
same sign as the plane). The electric double layer can be
used for the description of the electrostatics of the cellular
membranes [], phospholipid bilayers and metals in contact

with the electrolyte solution. The first description of the
electric double layer was obtained by the PoissonBoltzmann theory, where the ions were considered to be

dimensionless. We upgrade the description of the PoissonBoltzmann theory by considering the effect of the size of
the ions on the thickness of the electric double layer. We
use a transparent model based on the excluded effect, that
was stated already in fifties and has recently been further

statistical mechanical description. Within the description
each particle in the solution occupies one and only one site

of a finite volume. A lattice with an adjustable lattice
constant is introduced, all sites of this lattice being
occupied, nriq"r:n"1(x)*n"o(x)*nrolu.nt(r), where frrt is the
density of the number of the counterions, n.o is the density

of the number of coions and r.,osu.n, is the density of

the

number of the solvent molecules.

In order to obtain the equilibrium distribution functions

we solve a differential equation for the electric potential
derived from stating the variational problem. The solution
of this equation depends on the model parameters: the area
density of the charged plane o, the bulk density of the
counterions and of the coions n6, the temperature 7" and the
dielectric constant of the solution s. The derivation of the
ion and solvent distribution functions and the differential
equation for the electric field is given elsewhere [2].

The screening of the electrostatic field by

the

counterions that accumulate near the charged plane can be
represented by the effective thickness of the electric double
layer. The thickness of electric double layer measures the
range of the electrostatic influence of the charged plane in
the surroundings. We introduce the distance xs where the

density

of the number of the counterions

(calculated

relative to its volume far from the charged plane) drops to a
fraction (1-9) of the value of n"r(al2),
6:( I -,9 ) ( n
"r(al2)-n6).
The finite dimension of the lattice is considered by the
distance of the closest approach of the ions al2.
n"1(x s)-n

developed [2,3].

RESULTS

THEORY

Fig. I shows the profile of the density of the number of
the counterions for two different values of the lattice
constant a. The results of the Poisson Boltzmann and the

We consider a single planar surface with surface charge

o. This charged plane is in contact with the
electrolyte solution, composed of one kind of coions and
one kind of counterions and the solvent. The area of the
density

charged plane is considered to be large so that the boundary
effects are negligible. The solution extends in the positive x
direction up to a distance d where the effect of the charged
plane is negligible. The system is described by the mean

electrostatic filed while the finite size of the particles that

compose

the solution is considered by means of

the

excluded volume effect. It is assumed, that the electrostatic
field extends into the positive x direction while there is no
electric field on the other side of the charged plane (x<0).
The excluded volume effect is introduced bv means of

linearized Poisson-Boltzmann theory are also given. As we
profile of the counterions in the vicinty of
the charged plane strongly depends on the lattice constant a
see, the density

while far from the charged plane the density of the
counterions is insensitive to the lattice constant. In the
model, the counterions density is defined only for x > alz.
For large enough lattice constant a the profile exhibits a
plateau near the charged plane while in the limit of
vanishing a the density of the number of the counterions
converges towards the corresponding density obtained by
the Poisson-Boltzmann theory.
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Figure 2: The thickness of the electric double layer xe in
of the lattice constant a. The results of the

lattice constant a. The results of the Poisson-Boltzmann

dependence

theory @B) and of the linearized Poisson-Boltzmann theory
(LPB) are also given. The values of the model parameters

Poisson-Boltzmann theory(PB) are also shown. The values
of the model parameters are o:0.4 As/m2, nd:0.1 mol/I, ?n

are

o:

0.4 As/m2,

ftd:0.1 mol/I, T:310 K and e:78.5.

Fig. 2 shows the parameters xe (representing the
of the electric double layer) in

effective thickness

dependence of the lattice size a that represents the ion size
for three choices of 9: 0.9, 0.8 and 0.5. The points marked

by the dots show the results of the Poisson-Boltzmann
theory. The values of the parameterS.re äre larger for higher
9, however, qualitative dependence is equal for all three
choices. For small values of ,9 both parameters diminish
while as I approches l, both parameters increase beyond
every bound. We see that the effective thickness of the
electric double layer increases with increasing size of the
counterions, reaching the values of several nanometers for
lattice constants of about I nanometer. The limit of small
lattice constant

a

corresponds

well with the

:

310 K and

e:78.5.
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