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Many phenomena take place during different types of emulsion inversions, particularly a change in interface
curvature and drop size, which could be detected by backward light scattering. Monitoring the backscattering signal
allows us to detect the emulsion inversion in three main cases, one transitional and two catastrophic types. The
backscattering data could give some clue as to emulsion morphology, which is not available from conductivity
measurements.

Introduction

Emulsion inversion is an important phenomenon because it
is a way to produce emulsions with characteristics such as fine
drops at a low energy level1 or with an extremely viscous internal
phase2 when a very energetic method is not suitable.3 There are
several inversion mechanisms,4 and most of them depend on
many variables.5 In practice, it is extremely important to monitor
morphology changes, particularly those related to the intermediate
stage (e.g., three phase or multiple emulsion occurrence), which
are often impossible to follow by visual (microscopic) means,
particularly because of the fast evolution taking place near
inversion.

The classical method of monitoring inversion is to measure
the emulsion conductivity, which is a way to estimate the external
or continuous phase proportion when it is an aqueous phase. In
most applications, the aqueous phase contains some electrolyte
at a concentration large enough to provide a high enough
conductivity. The monitoring of viscosity has recently been
proposed as a substitute or complementary measurement, and it
offers promising results.6-8 However, the emulsion viscosity
depends on many variables other than the emulsion type, and the
interpretation is not always clear cut, particularly with viscous
fluids and high internal phase content or with multimodal
emulsions.9,10Drop size variations also correlate with inversion
in some cases, such as transitional inversion, though not in a

simple way.6,11 But in any case, the drop size and distribution
depend on many other variables, particularly formulation and
composition.12

Because the structure of the emulsion and the interfacial
curvature drastically change during inversion, it is believed that
an optical signal related to curvature (e.g., some reflectivity
measurement) should allow us to detect the inversion.13 This is
sustained by the fact that the curvature swaps at inversion, at
least in some specific cases, and therefore goes through a near-
zero value. This letter reports the detection of emulsion-phase
inversion by means of light backscattering measurements.

Experimental Section

The two main kinds of emulsion dynamic inversion (i.e.,
transitional and catastrophic protocols14) are carried out in a
conventional way,15,16with continuous monitoring of the backscat-
tering through an available commercial apparatus (i.e., Turbiscan
on-line model (TOL) from Formulaction, France). This equipment
produces a backscattering signal that is a measurement of the near-
infrared (λ ) 850 nm) light diffused at an angle close of to 135°.
The backscattering percentage is reported with respect to a reference
suspension of 0.3µm latex particles in silicone oil. The equipment
has been routinely used to evaluate the variation of particle size in
suspensions and emulsions.17

The emulsion sample to be evaluated is circulated with a peristaltic
pump through the cylindrical cell of the apparatus in a closed circuit
connected to the emulsion vessel.18 The conductivity is measured
with a Radiometer Analytical conductimeter with a platinized
platinum cell located inside the emulsion vessel. The emulsion vessel
is a jacketed glass cylindrical tank continuously stirred with a Rushton
turbine rotating at approximately 1000 rpm. The changes in water
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(12) Pérez, M.; Zambrano, N.; Ramirez, M.; Tyrode, E.; Salager, J. L.J.
Dispersion Sci. Technol. 2002, 23, 55.

(13) Mengual, O.; Meunier, G.; Cayre, I.; Puech, K.; Snabre, P.Colloids Surf.,
A 1999, 152, 111.

(14) Salager, J. L.; Ma´rquez, L., Pen˜a, A., Rondo´n, M. J.; Silva, F.; Tyrode,
E. Ind. Eng. Chem. Res.2000, 39, 2665.

(15) Zambrano, N.; Tyrode, E.; Mira, I.; Marquez, L.; Rodriguez, M. P.; Salager,
J. L. Ind. Eng. Chem. Res.2003, 42, 50.

(16) Mira, I.; Zambrano, N.; Tyrode, E.; Marquez, L.; Pen˜a, A. A.; Pizzino,
A., Salager, J. L.Ind. Eng. Chem. Res.2003, 42, 57.

(17) Buron, H.; Mengual, O.; Meunier, G.; Cayre, I.; Snabre, P.Polym. Int.
2004, 53, 1205.

(18) Pizzino, A.; Catte, M.; Van-Hecke, E.; Aubry, J. M.; Salager, J. L. Paper
95; 4th World Congress on Emulsion, Lyon, France, Oct 3-6, 2006.

5286 Langmuir2007,23, 5286-5288

10.1021/la070090m CCC: $37.00 © 2007 American Chemical Society
Published on Web 04/03/2007




