Application Note

Interfacial rheology: micro and macro illustrations
Introduction
Besides decreasing the value of interfacial tension, the presence of surface-active molecules at a fluid/fluid interface confers rheological properties
radically different from the ones exhibited by the equivalent bare interface. The interfacial viscoelastic modulus is hence a powerful parameter for the
characterization of fluid/fluid interfaces . At the macro-scale, the properties of foams, emulsions and bubbly liquids such as the stability, the transport
and the mechanical behavior strongly depend on their composition and the properties (interfacial tension and viscoelastic modulus) of the fluid/fluid
interfaces composing them [1, 2, 3]. In this context, examples at the micro and the macro scale are presented in the following to illustrate the
usefulness of probing the interfacial rheology of fluid/fluid interfaces.

Microscopic scale: Molecular organization

Macroscopic scale: Material properties

E to probing the population density
at a fluid/fluid interface

Link with emulsion storage stability

In the example below, an air bubble is generated in a C12E6 aqueous
solution. The interfacial viscoelastic modulus at the air/ C12E6 aqueous
solution is measured based on the response of surface tension to
sinusoidal oscillations of the size of the interface.
Air/water interface

The results show that the
modulus increases as a
function of time as a
result of the increase of
surfactant density at the
interface. After this first
phase, the modulus
reaches a plateau and
stabilizes.

In the field of emulsions, observations suggest a link between longterm stability and the presence of a rigid membrane or a high
viscoelastic interfacial modulus [5]. In this first example [6], the authors
describe how interfacial rheology measurements can mimic weak
droplet shocks due to Brownian motion under storage conditions. In
this second example, the viscoelastic modulus is used as a criterion to
measure the ability of a membrane to resist Ostwald ripening and
coalescence events [7].
High pressure homogenization

Composition:
- Oil nature
- Oil fraction
- proteins
Process parameters:
- Homogenization pressure
- Number of cycles
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Elastic interfacial film
stability against
coalescence ≥ 30 days

= 50-1000 nm

Link with foam stability

E to monitor chemical reaction
at the interface
During the viscoelastic modulus measurement of an oil/chitosan
aqueous suspension interface, a decrease of the viscoelastic modulus
was observed when CO2 was dissolved in the water phase. This
behavior can be explained by the decrease of the pH of the solution
below the pKa of the –NH2/–NH3+ chitosan groups (pKa = 6.5) which
leads to the departure of chitosan nanoparticles from the interface to
the bulk. At the scale on an emulsion composed of these interfaces,
the dissolution of CO2 in the aqueous phase destabilizes the system. In
this case, measuring the viscoelastic modulus highlights the change in
the interfacial composition induced by the departure of chitosan
particles [4].

A few studies show that the higher the surface elasticity the better the
foam stability [7, 8]. Obviously, other parameters play an important
role in foam stability such as the presence of particles or liquid
viscosity. To highlight how the molecular surface structure impacts the
macroscopic properties, the authors of this article [8] carried out
interfacial rheology and foam stability measurements on foaming
solutions that differ only by the counter ions of salts: NaF and NaSCN.
These counter ions are chosen because of their ability to promote or
break H bonds. In this example, a higher foam stability and a higher
viscoelastic modulus are found with NaF which promotes the H bond
formation, promoting the surfactant/surfactant interactions unlike
NaSCN.
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