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Essentially all chemical reactions in living systems occur

at interfaces between protein and water or lipid and water.

At a molecular level, interfacial properties change drastically

with direction and distance, i.e., interfaces are highly

anisotropic. Such features have intrigued and inspired 

scientists from many areas of research. Fundamental 

properties of organized systems and important practical

applications have emerged from our increasing under-

standing of the exquisite properties of biological interfaces.

We have used association colloids, formed by self 

association of surfactants, to model interfacial propertie

and intramolecular reactions to model enzyme catalysis.

Surfactants, of diverse chemical structures, are 

molecules with hydrophilic (water-loving) and hydrophobic

(water-avoiding) parts. Depending on the hydrophilic/

hydrophobic balance, the surfactants can self-aggregate to

form aggregates exhibiting a rich architectural diversity

(Figure 1). The delicate balance of forces that determine the

self association of soap-like molecules into micelles, or

lipid-like molecules into mono- or multilayers in water, is

driven by opposing forces. The tendency of the hydrophobic

part of the surfactant to either come out of solution 

(precipitate) or aggregate (hydrophobic effect) is the 

dominant factor for aggregation. The ensemble of steric

and electrostatic repulsion forces resulting from the 

aggregation generally opposes the hydrophobic effect. This

delicate balance of forces in surfactants’ self-aggregation

determines the diversity of architectures formed by these

molecules in aqueous solutions. Understanding the 

connections between form and medium depends on 

precise knowledge of interfacial composition at the border

between the aggregate and the surrounding medium and

the specificity of the forces in that very limited space. The

medium/form connection is a fundamental property 

equally important in biology as in nanosciences.
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Surfactants form a rich variety 
of Self-Assembled Structures

Theoretical and applied

aspects of these structures

reach several fields.

Fundamental Properties such

as the properties of complex

liquids, origins of life, and

models for interfacial effects

on chemical and biological 

reactivity can be investigated

by using these systems.

Applications range from

“green washing” to drug 

delivery, also encompassing

stability of mayonnaise.Molecular area
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The relative acidity (pH) of the interface determines a 
variety of fundamental structural and functional properties. In
probing the interface for acid-base dissociation, we demonstrated
that in negatively charged interfaces modifications of local pH
do not depend on changes in the equilibrium constant of weak
acids (Figure 2). These observations can lead to applications
such as the use of surfactants to protect from insecticides and
nerve gases (Gonçalves et al, In Press, 2008). We have approached
the investigation of the medium/form connections by observing
the effect of interfaces on chemical reactions and using 

chemical trapping to
directly determine
interfacial composi-
tion. We recently
demonstrated, by
using appropriate
mixtures of 
zwitterionic and 
positively charged
surfactants, that the
reaction rate, and
thus the water 
concentration (or its
hydrogen bonding
ability), can be tuned
at the interface by
controlling the 
relative amount of
surfactants in the
mixture. It was evident
from these results
that strong ion-pairing
can occur in water at
the interface.

Modulation of ion pairing, at the interface, can produce shape
changes, since the repulsive forces at the interface change
under conditions in which the hydrophobic (attractive) 
component is not affected. In order to prove, the direct and
simultaneous determination of water and counterion 
concentration at the interface of positively charged micelles.
These measurements were possible using a chemical trapping
method, developed by L. S. Romsted in the US, which was 
implemented and extended by our research group. An interesting
model for shape change is the sphere to rod transition,
observed when salt is added to solutions containing certain
charged surfactants. The origin of life on earth is an intriguing
problem that only very recently became a scientific question.
In order to consider vesicles as models of inanimate objects in
the evolutionary pathway, that led to life forms, some properties
are required: catalysis, selectivity and size dependence. Using
natural lipids and synthetic surfactants, we have demonstrated
that vesicles can exhibit all these properties.
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Figure 2. Preferential conformations of MHHB
assuming different global charges (c) and
dielectric constants (ε). (A) c = +1 and ε = 2, (B)
c = +1 and ε = 78, (C) c = 0 and ε = 2, (D) c = 0
and ε = 78, (E) c=-1 and ε = 2, (F) c= -1 and ε =
78. pH at the micellar interface: Synthesis of pH 
probes derived from salicylic acid, acid-base
dissociation in sodium dodecyl sulfate micelles
and Poisson Boltzman simulation. J Colloid
Interface Sci. 297:292-302.
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