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Abstract

The disjoining pressure I7 of films of aqueous octyl-B-glucoside (8-CgGq) solutions with and without salt was measured as a function of the
film thickness by means of a thin film pressure balance. The analysis of the experiments confirms the presence of an electrostatic double layer
which dominates the long-range interactions as found in previous experiments with other non-ionic surfactants in the presence of added salt. In
the absence of salt, we find a local ion concentration much higher than that of the residual ionic impurities present in the bulk solution.
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1. Introduction

The research on foams is presently very active, as their prop-
erties are of both technical and fundamental interest [1]. So far
there is no satisfactory theory explaining their stability. Liquid
foams are dispersions of gas bubbles into a continuous liquid
phase. When the amount of liquid is small (less than about
30%), the bubbles are distorted into polyhedra separated by thin
liquid films stabilised by surface active species. Foam lifetime
is related to film rupture and/or to inter-bubble gas diffusion
across the films. The fundamental understanding of foam sta-
bility therefore relies on the detailed knowledge of the films
between bubbles.

The film rupture process begins by liquid drainage out
the film. At very small thicknesses, molecular interactions,
frequently electrostatic, create repulsive forces between film
surfaces and slow down or completely arrest drainage. The
classical description of electrostatic interactions is based in
the Poisson—Boltzmann equation (PB) [2—4]. Attractive forces
are also present (i.e., van der Waals forces), they accelerate
drainage and cause film rupture. The DLVO theory uses both
interactions (electrostatic and van der Waals), and is helpful to
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explain the stability of colloidal systems [5—7]. Let us mention
that the DLVO theory has some limitations, since features not
taken into account include correlations between ions (important
for multivalent ions), finite size of the ions and discrete nature
of surface charges (playing important roles at small distances
between surfaces). The DLVO theory has been used to model
experimental data for the forces between surfaces of films sta-
bilised by ionic surfactants, in a thickness range 2 > 10 nm
(common black films). Thinner films (Newton black films) are
stabilised by short-range steric repulsive interactions, not taken
into account in the DLVO theory. Confinement of micelles or
macromolecules lead to stratification phenomena and to addi-
tional oscillatory forces [8,9]. Film stability ultimately depends
on the properties of the surface active species adsorbed at film
surfaces.

Electrostatic forces are surprisingly present in some cases in
liquid films stabilised by non-ionic surfactants. This has been
attributed to the existence of negative surface charges due to
OH™ ions adsorbed at the surface [10,11]. Similar negative
surface charges were inferred from measurements of the zeta
potential at the water/air [12,13] and the water/oil [14,15] inter-
faces, even in the absence of any surfactant.

The thin films measurements reported in the literature were
all performed in the presence of added salt, with concentrations
higher than those of the residual ionic impurities, in order to
have reliable values of the Debye length. We present here mea-
surements of the disjoining pressure (force per unit area) of thin
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films stabilised by non-ionic surfactants in the absence of salt,
where electrostatic forces were also found. For this purpose,
we have used the “thin film balance” method, complemented
by electrical conductivity measurements. We will discuss the
possible origin of the residual bulk charges.

2. Theoretical background

In the DLVO theory, the disjoining pressure is the sum of
electrostatic repulsive and van der Waals attractive force contri-
butions. In the case of the electrostatic contribution (I7e]) many
numerical solutions have been developed. Analytical solutions
can be obtained for weak surface potentials (e¢g < kT'). For a
1:1 electrolyte between identical, charged, plane—parallel inter-
faces, the disjoining pressure as function of film thickness & for
constant surface potential and for constant surface charge are
given respectively by
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where og and ¢ are the surface charge and the surface potential

respectively, ¢ is the dielectric constant of the solution and « is
the Debye length:
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where g is the dielectric constant of the vacuum, k the Boltz-

mann constant, 7 the absolute temperature, e the electron

charge and C the ions concentration. Expressions for higher

surface potentials can be obtained in the case of big separation

between the surfaces (k/ > 1). For constant surface potential:
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The surface charge is then given by the Grahame equation:
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The attractive van der Waals force is given by
An
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where Ap is the Hamaker constant, which for air/water/air films
is about 3.7 x 10720 J.
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3. Experimental
3.1. Materials

Octyl-B-glucoside, CgG; (n-octyl-B-glucopyranoside), was
obtained from Sigma (purity >98%) and used as supplied

HO
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Fig. 1. B-CgG; formula (source: http://www.sigmaaldrich.com/catalog/search/
ProductDetail/SIAL/O8001).
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Fig. 2. Surface tension versus surfactant concentration for f-CgGy solutions
with and without NaCl.

(Fig. 1). Sodium chloride was also purchased from Sigma (pu-
rity >99.5%) and used as supplied. All the solutions were pre-
pared with Milli-Q water. The experiments were made at room
temperature, 22 + 1 °C.

In order to check for the presence of possible surface ac-
tive impurities coming from surfactant and/or salt batches, the
surface tension was measured with the Wilhelmy method as a
function of surfactant concentration. As can be seen in Fig. 2,
no minimum is observed around the critical micellar concentra-
tion (cmc), confirming the absence of surface active impurities.
Indeed, if such impurities were present, they would start to in-
corporate into the micelles and leave the interface, leading to a
surface tension increase in the cmc region. Note that the surface
tension is not affected by the addition of 2 mM NaCl, confirm-
ing the well know absence of influence of ionic strength on the
surfactant monolayer at the surface of the solution. This result
also shows that added salt does not introduce additional sur-
face impurities. The results are also in agreement with those of
Bergeron et al. on the same surfactant [16].

3.2. Methods

3.2.1. Conductivity

Conductivity measurements have been performed with a Cy-
berscan Con 100 meter. The volume of the samples was about
50 cm’.

3.2.2. Thin film balance

Disjoining pressures were measured with a modified ver-
sion of the porous-plate technique (Fig. 3). This setup is fully
described elsewhere [17—19]: single thin-liquid foam films are
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