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Structure and Dynamics of
Viscoelastic Surfactant
Solutions - An Application of
Concepts from Polymer
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Peter Sclwrtenberger promovierte 1984 am Laboratorium fUr Festkorperphysik der ETH-ZUrich
(Prof. Dr. W. Kanzig). Nach mehreren Auslandjahren als Post-Doktorand an der Universitat Lund,
Schweden, dem Massachusetts Institute of Technology (MIT) undder Harvard Universitat (USA), wo
er sich mit verschiedenen Forschungsthemen auf dem Gebiete der physikalischen Chemie von
Tensid- und Biopolymerlosllngen beschaftigte, ist er nun seitOezember 1987 am 1nstitut fUrPolymere
der ETH-ZUrich tatig. Hier hat er sich auch 1991 an der Abteilung fUr Werkstoffwissenschaften fUr
das Lehrgebiet der 'Kolloidwissenschaften' habilitiert. Seine ForschungsHitigkeit konzentriert sich
vor allem auf das Gebiet der 'weichen kondensierten Materie' (soft condensed matter), d.h. er
beschaftigt sich mit den statischen und dynamischen Eigenschaften von Kolloiden, Polymeren,
Biopolymeren und Mizellen. Eine rege interdisziplinare Zusammenarbeit mit Forschergruppen aus
verschiedensten Arbeitsgebieten wie der Biochemic, Pharmazie, den Umweltnaturwissenschaften
oder der theoretischen Physik wird von ihm besonders gepflegt, und mit dem Aufbau eines modernen
Lichtstreulabors an der ETH-ZUrich hat er eine wichtige Grundlage fUr die physikalische Charakte-
risierung kolloidaler Systeme (d.h. SlIspensionen kleiner Partikel mit Ourchmessern im Bereich von
wenigen Nanometern bis einigen Mikrometern) geschaffen.

Abstract. This article shows how additional information on the structure, phase
behavior, and dynamics of polymer-like surfactant solutions can be obtained through
concepts borrowed from polymer physics. Particular emphasis is given to the interpre-
tation of static and dynamic light scattering and small-angle neutron scattering ex-
periments.
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Introduction

The physics of long flexible polymer
chains has strongly been influenced by the
discovery of the relationship between pol-
ymer statistics and phase-transition prob-
lems. The subsequent development of a
number of universal scaling laws for static
and dynamic properties of polymers by de
Gennes and coworkers introduced new
concepts and analogies to other branches
of science. The progress made in the the-
oretical understanding of the static and
dynamic properties of polymers was ac-
compagnied by the availability of new
experimental techniques such as neutron
scattering or dynamic light scattering,
which provide powerful tools for the ex-
perimentalists [1][2].

However, while these recent develop-
ments have been beneficial for polymer
science, they have remained quite unno-
ticed by many scientists working in other
areas of chemistry, biochemistry, and bio-
physics. As a consequence, these modern
trends in polymer physics have had e.g.
only a minor impact on studies in the field
of surfactant science, where self-assem-
bling molecules form particles of colloi-
dal size such as micelles, microemulsions,
or vesicles. Their physical chemistry has
been studied quite extensi vely, with major
emphasis on stability requirements (i.e.
characterization of two- and multicompo-
nent phase diagrams) and structure, size,
and shape of the aggregates. However,
few attempts have been made in order to
profit from recent advances in polymer
theory and to gain additional insight into
the physical chemistry of surfactant solu-
tions by making analogies to polymers.

One notable exception can be found in
the recently developed field of 'equilibri-
um pol ymers' , where the term equili bri um
(or 'living') polymer is used for linear
macromolecules that can break and re-
combine [3]. Therefore, equilibrium poly-
mers are transient structures with a rela-
tively short life time Tb, and they exhibit a
wealth of interesting dynamic properties
on time scales both long or short compared
to Tb' Typical examples of equilibrium
polymers are micelles, where the forma-
tion of macromolecular structures is a
result of a subtle balance of opposing
forces which arise from weak van der
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Fig. 1. Schematic phase diagram of a model ternary surfactant/water/oil system. Shown are a number
of isotropic and anisotropic phases that can exist in these systems. L1: Micellar phase; L2: Reverse
micellar phase; La: Lamellar liquid crystalline phase; H: Hexagonal liquid crystalline phase.

Waals, hydrophobic, H-bonding, screened
electrostatic and steric interactions be-
tween the indi vidual surfactant monomers
[4]. Due to the finite life time of the parti-
cles, the molecular-weight distribution of
micelles is not constant but in thermal
equilibrium and thus depends strongly on
surfactant concentration and temperature
[3]. This is quite different from 'classical'
polymers such as polystyrene, where the
monomers are covalently linked and the
molecular-weight distribution is quenched
after the preparation procedure. Several
groups soon realized that surfactant sys-
tems in which giant worm-like micelles
are formed can be used as ideal model
systems for an experimental investigation
of the static and dynamic properties of
equilibrium polymers [3][5-11].

It is the aim of this article to show that
additional and detailed information on the
structure, dynamics, and phase behavior
of micellar aggregates can be obtained by
making analogies to polymer solutions
and using modern polymer theory for an
interpretation of data from scattering and
rheological experiments. This will be il-
lustrated with selected examples, where
analogies are made to two different fields
of polymer science: i) static conformation
of individual polymer chains, and ii) for-
mation of an entanglement network at
moderate polymer concentrations and its
static and dynamic properties.

Lecithin Reverse Micelles -
Phenomenological Observations and
Phase Behavior

Mixtures of surfactants, oil and water
represent a prime example of molecularly
organized systems, where the molecular
interactions can lead to self-association of
the surfactant molecules and the forma-
tion of a rich variety of different structures
such as microemulsions and lyotropic
mesophases. A schematic example of a
typical phase diagram for a 'model 3-
component microemulsion' is shown in
Fig. J. We see that, depending upon the
composition of the system, a variety of
different structures and phases are formed.
We shall now look more carefully at the
structures formed in the organic solvent-
rich corner of the phase diagram, i.e. at the
isotropic Lrphase, where water-in-oil (wi
0) microemulsions or so-called reverse
micelles form.

In contrast to aqueous micellar sys-
tems, reverse micelles at moderatly high
values of surfactant concentration c and
molar ratio of water to surfactant Wo are
generally believed to have a droplet-like

Q8m~
~rr=

structure, with a radius which depends
primarily upon Wo, and which is almost
independent of surfactant concentration
(see region L2 in Fig. 1) [12]. It came thus
as a surprise, when Scartazzini and Luisi
reported the formation of viscoelastic lec-
ithin reverse micellar solutions at very low
values ofwo and quite low surfactant vol-
ume fractions, i.e. under conditions where
for droplet-like small structures, andin the
absence of strong electrostatic effects, only
weak intermicellar interactions should be
present [13]. We subsequently investigat-
ed the structural and dynamic properties
of these systems and found that the viscos-
ity of reverse micellar solutions of soy-
bean lecithin in a number of different
organic solvents increases dramatically
upon the addition of very small quantities
of water [14][15]. In general, the zero
shear viscosity 17s increases with increas-
ing Wo and reaches a distinct maximum at
a well defined wO,max' The value of 17s at
wo,max depends strongly upon lecithin
concentration, temperature and nature of
the organic solvent used. The ratio of 17/
170' where 170 is the viscosity of the solvent,
can be as high as J06 at wo,max' Upon
further addition of water, 17s generally

oil

decreases and phase separation can be
observed. The value of wo,max seems to be
quite independent of lecithin concentra-
tion, but it does depend to some extent
upon the nature of the organic solvent
used. Fig. 2 shows representative exam-
ples of the dependence of TIs on Wo for
lecithin in isooctane and cyclohexane, re-
spectively. It clearly illustrates how a sim-
ple addition of three molecules of water
per molecule of lecithin to a liquid-like
lecithinlisooctane solution causes the vis-
cosity of the solution to increase to values
as high as (8.3 ± 0.8) .102 Pa·s. We see
from Fig. 2A, that the value of Wo.max is
indeed independent of lecithin concentra-
tion, but that the absolute values of TIs at
wo,max strongly depend on the lecithin con-
centration. Fig. 2 also shows that lecithin/
cyclohexane solutions can incorporate a
significantly larger amount of water, and
that wo,max is shifted to wo.max ::::12 for this
system.

We were subsequently able to explain
the unusual polymer-like properties oflec-
ithin reverse micelles with a water-in-
duced one-dimensional micellar growth
into very long and flexible cylindrical
reverse micelles, i.e., a characteristic
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sphere-to- flexible cy linder transition nor-
mally observed in aqueous solutions only
[15]. At high enough volume fractions <P,
these giant polymer-like reverse micelles
would then be able to entangle and form a
transient network similar to semidilute
polymer solutions, which would explain
at least qualitatively the tremendous in-
crease in zero shear viscosity observed at
higher values ofwo and <P. An example for
the location of the viscoelastic micellar
phase in the ternary phase diagram and a
schematic representation of the proposed
simple model for the structural properties
of lecithin reverse micelles is shown in
Fig. 3. However, the hypothesis of a wa-
ter-induced formation offlexible cylindri-
cal micelles and the existence of entangle-
ment networks was largely based on 'Iow-
resolution' light scattering and rheologi-
cal measurements and analogies to classi-
cal polymer theory. In the next chapter, we
shall see how we can directly confirm this
picture and verify the postulated analogy
between the structural properties of poly-
mer chains and lecithin reverse micelles
using a combination of static light scatter-
ing and small-angle neutron scattering.

Polymer-like Structure of Lecithin
Reverse Micelles - Light and Neutron
Scattering Studies

To study the structure of lecithin re-
verse micelles in dilute solutions, we meas-
ured the time-averaged scattering intensi-
ty I(Q) as a function of the scattering
vector Q, whose magnitude is given by Q
= (41t1A.,)- sine (12), where A. is the wave-
length of the incident light (or neutrons) in
the medium and 8 is the scattering angle,
over a wide range of Q values. In such a
static scattering experiment, we can de-
rive important infonnation on the struc-
ture of the particles that scatter light or
neutrons [16]. The basis for structural in-
vestigations with static (elastic) scattering
experiments is schematically shown in
Fig. 4A. The incident light or neutrons can
be described as an incoming plane wave.
The polymer can be divided into many
subregions, which all act as small scatter-
ing centers. Ifthe largest dimension of the
polymer is small compared to the wave-
length A., all subregions see the same inci-
dent field, and the amplitude of the scat-
tered wave can be written as a simple sum

of the contributions from the individual
scattering centers. In this case, the scatter-
ing experiment yields information on the
average particle mass only.

However, if the largest dimension of
the particle is comparable or larger than A.
(A. '" 5000 A for light and A. '" 10 A for
neutrons), the situation becomes more
complicated and the scattering experiment
will yield additional information. In this
case, the scattered waves from different
regions in the particle can be out of phase
(see Fig. 4A), and we must, therefore, take
into account interference effects in the
calculation of the total scattering ampli-
tude. This can be done by calculating the
pathlength differences for the light or neu-
trons scattered by all possible pairs of
scattering centers within the particle, and
comparing it with A.One can show that the
optical path difference between two scat-
tering centers separated by a distance vec-
tor r is given by .1s = Q . r [16]. The
influence of the destructive intrapartic1e
interference effects on the scattering in-
tensity thus depends on the quantity Q . r,
and interference effects are not important
for Q .r« 1.Therefore, 1IQ is often called
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Fig. 2. A) Zero shear viscosity 17"YS. added water to lecithin molar ratio, wo' for soybean lecithin in isooctalle at (/) = 0.144 (e) and (/) = 0.036 (0),
respectively, at 20.0°. Also shown as dashed lines are the phase boundaries wo.2<P for phase separation into two macroscopically separated and optically
clear phases (for details, see [15]). B) Zero shear viscosity 17" YS. wofor soybean lecithin ill cyc/ohexane at (/) = 0.036 at 25.0 0. For details on the phase
behavior, see [29].
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Fig. 3. Location of the viscoelastic micellar phase in the ternary phase diagram lecithinlcyclohexanel
water, where concentrations are given in weight percent. Also shown is a schematic description of
the transition from small and almost spherical to giant and flexible cylindrical reverse micelles upon
addition of water at constant surfactant volume fraction (path I), and the formation of a transient
network upon an increase of the volume fraction of the dispersed phase (lecithin + water) which is
analogous to the dilute-semidilute transition in classical polymers (path 2).

Fig. 4. A) Schematic representation of scattering from two scattering elements j and k in a polymer
coil (see text for details). B) Schematic representation of scattering from a particle suspension and
the resulting fluctuations of the scattered intensity (see text for details).

the 'spatial resolution' of a scattering ex-
periment, and the selection of the magni-
tude of the scattering vector Q determines
the characteristic distances or length scales
(length scale - 1/Q) which are being probed
in a scattering experiment.

Taking into account the influence of
intraparticle interference effects, we then
see that the average scattering intensity
I(Q) is proportional to SeQ), where seQ) is
the so-called static structure factor which
results from a Fourier transform of the
pair correlation functions g(r) of all the
scattering elements of the particles [17].
The structural information obtained in a
scatteri ng experi ment is thus indirect onl y,
and we can only aim for a self-consistent
data analysis and interpretation based on
explicit structural models and assump-
tions for the intra- and intermolecular in-
teraction effects.

Here, we can now directly profit from
the enormous progress achieved in a the-
oretical understanding of the static struc-
ture factor observed in solutions of classi-
cal synthetic polymers. Based on the pre-
viously postulated model of flexible and
polymer-like cylindrical reverse micelles,
we can test whether the experimental data
are indeed compatible with this model,
and try to extract quantitative information
on the composition dependence of the
overall particle size, polydispersity, and
flexibility of the micelles formed in leci-
thin wlo microemulsions. For flexible
polymers, I(Q) has several distinct re-
gimes which permit a quantitati ve study of
the different length scales characterising
overall dimension (radius of gyration, Rg),
flexibility (persistence length, lp), and lo-
cal cylindrical cross-section (R) [7][18]
[19]. We can thus try to verify the postulat-
ed analogies between the structural proper-
ties of flexible polymer coils and lecithin
reverse micelles using the predictions for
I(Q) from polymer physics: For very low
values of Q (l/Q < Rg), the scattered inten-
sity I(Q) becomes insensitive to structural
details and is dominated by the finite over-
all length of the particles, and we can
determine the radius of gyration Rg of the
particles. The low-Qregime will thus clear-
ly reflect the water-induced aggregate
growth postulated in our model. At inter-
mediateQ(R« l/Q «Rg),1(Q) becomes
much more sensitive to the local aggregate
structure, and polymer theory predicts for
flexible polymer coils that I(Q) should
decay with a power law of the form I(Q)-
Q -x, where].7 ::;x::; 2.0. At large values
of Q, I(Q) is controlled by distances over
which polymers are rod-like rather than
flexible, and for l/Q - lp we expect a
crossover to an asymptotic Q-I -depend-
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Fig. 5. Plot oj scattering intensity I(Q) vs. scattering vector Qfor solutions of soybean lecithin ill

deuterated isooctane (wo = 2.0 and Wo = 2.5) at (/) = 0.0036. Data shown are obtained from light and
neutron scattering experiments. Also indicated are the regimes/length scales where a different
characteristic Q dependence can be observed (see text for details).

It has previously been shown for a
number of aqueous surfactant solutions

properties on long characteristic time scales
such as the micellar long-time self diffu-
sion coefficient Ds or the zero shear vis-
cosity 17s exhibit a behavior which is dra-
matically different from those found for
classical polymers, and are not yet fully
and quantitatively understood [3](10](21]
[22].

One of the major difficulties in a quan-
titative understanding of the static and
dynamic properties of equilibrium poly-
mers comes from the explicit dependence
ofDs or 17s on the molecular-weight distri-
bution. Since micelles have a concentra-
tion-dependent equilibrium molecular
~eight distribution n(M) with an average
Mw which js believed to follow a power
law form Mw - (/)'X, this leads to an addi-
tional contribution to the lPdependence of
Ds and 17s [3]. A quantitative interpretation
of the experimental data would thus re-
quire an independent determination of a,
which is difficult to achieve. Experimen-
tal techniques for molecular-weight deter-
minations in polymer solutions such as
light scattering or osmotic pressure meas-
urements always contain contributions
both from the molecular-weight distribu-
tion as well as from intermolecular inter-
action effects. Therefore, unambiguous
information on Mw is much more difficult
to obtain for equilibrium polymers, since
most systems form giant worm-like mi-
celles even at concentrations close to the
critical micelle concentration, the cmc.
This makes a deconvolution of contribu-
tions from the size distribution and inter-
micellar interactions very difficult.

We can for example use dynamic light
scattering (DLS) in order to illustrate the
different effects encountered in experi-
ments with equilibrium polymers. The
basis for a dynamic (or quasi elastic) light
scattering experiment is schematically
shown in Fig. 4B. The continuous fluctu-
ations in the number of molecules per
volume element due to Brownian motion
result in fluctuations in the light-scatter-
ing intensity with time, which are super-
imposed on a background of scattering
(i.e., on <I(Q» measured in the time-
averaged static light scattering experiment)
which arises from the fact that at any
instant the particle concentration is likely
to be different in the different volume
elements (see Fig. 4B). For dilute particle
suspensions, the kinetics of these intensity
fluctuations will depend on the size (diffu-
sion coefficient) of the particles: small and
rapidly diffusing particles will produce
rapid fluctuations, and large and slowly
moving particles will cause slow fluctua-
tions in the scattering intensity. At higher
particle concentrations, we also have to

- --
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that it is possible to find conditions where
the micelles grow dramatically with in-
creasing surfactant concentration into gi-
ant and flexible rod like aggregates. These
worm-like micelles can then entangle and
form a transient network above a cross-
over concentration qJ-i: with static proper-
ties that are comparable to those of semi-
dilute solutions of flexible polymers. It
was demonstrated that scaling theory for
polymers could successfully be applied to
these semidilute solutions, and that a
number of experimentally accessible quan-
tities such as the osmotic compressibility
caillalPtl or the static correlation length
Ss directly obey the same simple universal
scaling laws as do classical polymers [3].
However, it was also clearly shown that
the understanding of the concentration
dependence of dynamic properties was
much more complicated due to the tran-
sient nature of the aggregates. It was found
that dynamic quantities such as the hydro-
dynamic correlation length Sh, which is
measured on a time scale much shorter
than 'lb, again closely follow the behavior
of classical polymers. However, dynamic
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ence for I(Q) which is typical for locally
cylindrical structures. At still larger Q
values, the finite cross-sectional radius of
the polymer can be studied [7](18](19].

Fig. 5 shows that these different re-
gimes can indeed be observed for lecithin
reverse micelles [20]. We for example
clearly see the dramatic micellar growth
induced by the addition of only 0.5 mole-
cules of water per lecithin molecule at low
Q, whereas the flexibility and local pack-
ing remains unchanged. The results from
our scattering experiments do permit us
thus to study individual structural proper-
ties such as overall size, flexibility or local
packing of the reverse micelles in solu-
tion, and we can directly and quantitative-
ly confirm the postulated model of poly-
mer-like flexible aggregates.
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Fig. 6. The hydrodynamic correlation length, Sh.
as afunction ofvolumefraetion, (/J, and water to
lecithin molar ratio, W,,: (x) w" = 2.0. (+) w" =
4.0, (*) w" = 6.0, (0) w" = 8.0, (0) w" = 12.0, CA.)
w" = 14.0. Data sets for (/J= canst. (path 2 in Fig.
3) and IVa = canst. (path 1) are connected by
dashed and solid lines, respectively. The surface
marked as (j)* indicates the crossover from the
dilute to the semidilute regime.
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take interparticle interactions into account
[J 6].

To understand the results obtained in
mesurements with polymerlike micellar
solutions, we can first look at the existing
knowledge from polymer theory, which is
based on DLS experiments with synthetic
polymers. At Q . Rg « I, the dynamics of
concentration fluctuations examined by
DLS are dominated by translational diffu-
sion of the polymer coils in the dilute
regime (<P < <P*), and we can determine a
hydrodynamic correlation length ~h' For
low volume fractions <P -7 0, ~hcorre-
sponds to the hydrodynamic radius Rh of
the polymer coil (i.e., is a measure of the
size of the polymer), which increases with
increasing molecular weight according to
a power law of the form Rh - MV, where v
= 0.5 for theta solvents and v = 0.6 for
good solvents, respecti vely. At higher con-
centrations <P» <P*, ~h does not depend
on the individual micellar size anymore,
but is related to the 'mesh size' of the
entanglement network which decreases

strongly with increasing concentration
[23-25].

Typical results for the concentration
and Wo dependence of the hydrodynamic
correlation lenght ~h as obtained with DLS
experiments with lecithin/cyclohexane
solutions are shown in Fig. 6 (For details,
see [25]). At low volume fractions <P~ 6·
10-3, we observe a very pronounced in-
crease of ~h with increasing Wo which
primarily reflects the strong water-induced
micellar growth from relatively small re-
verse micelles with ~h ::: 30 A at Wo = 2.0
to giant polymer-like particles with ~h :::

400-700 A at Wo ~ 6.0. At these low values
of <P, we also see that ~h increases with
increasing concentration, which indicates
a concentration dependence of the micel-
lar size distribution as predicted by the
theoretical models for surfactant self as-
sembly. However, the concentration-de-
pendent micellar growth is only visible at
low values of <P and wo' and becomes
increasingly masked by intermicellar in-
teractions as the solution approaches the

overlap threshold <P*. At volume fractions
<P ~ 6 . 10-3, ~h first reaches a maximum
and becomes more and more independent
of WOo At even higher values of <P, ~h then
decreases with increasing <P, and the <P
dependence can now be described by a
power law of the form ~h - (/rx, where x =
0.65 ± 0.05 for all values of WOo The cross-
over to the power law dependence pro-
vides us with an estimate of <P* as a
function ofwo' and we see from Fig. 6 that
cp.i' decreases with increasing WOo This is
again in agreement with polymer theory,
since cp.i' should be proportional to L-II'2,

where the contour length L is thought to
increase with increasing Wo [15].

It is thus clear that we only have a very
small concentration regime where we can
obtain the composition dependence of the
micellar size distribution in a straightfor-
ward way, and this is certainly not enough
in order to determine ~heexponent a in the
micellar growth law Mw - t:/fl with suffi-
cient accuracy. However, we have recent-
ly been able to show that one can success-
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fully attack this problem by directly ap-
plying the results from conformation space
renormalization group theory for semidi-
lute polymer solutions to equilibrium pol-
ymers such as worm-like micelles or mi-
croemulsions, if one takes into account the
fact that their size distribution is concen-
tration-dependent [26][27]. Based on the
postulated analogy between polymer-like
micelles and classical polymers, it was
thus possible to go well beyond a simple
confirmation of scaling laws. The theoret-
ical treatment did provide us with explicit
information on the concentration depend-
ence of both the micellar size distribution
and the intermicellar interaction effects.
Moreover, we were able to obtain detailed
information on the so-called static and
dynamic structure factor of polymer-like
lecithin re'verese micelles, which contains
essentially all the important static and
dynamic information on the structural
properties of these systems.

Conclusions

The above presented data demonstrate
the usefulness of an application of poly-
mer theory to complex surfactant solu-
tions. We have seen that it was possible to
develop a model for the micellar structure
and test it successfully by making analo-
gies to dilute and semidilute polymer solu-
tions. The results from neutron-scattering
experiments with lecithin w/o microemul-
sions did permit us to directly study indi-
vidual structural properties of the reverse
micelles present in these solutions, and we
could confirm the postulated model of
flexible rodlike aggregates. Furthermore
our dynamic and static light-scattering
measurements showed that lecithin re-
verse micellar solutions at higher surfactant
concentrations, where intermicellar inter-
actions dominate, have properties which
exhibit the same universal scaling laws as
previously found for polymers. Moreo-
ver, using the results from renormaliza-
tion group theory for semidilute polymer
solutions, we could even extract quantita-
tive information on the concentration de-
pendence of the micellar size distri bution.

However, these examples also show
the limits of such an approach, and the
importance of a constant re-evaluation of
the applicability and validity of such con-
cepts. This is particularly obvious when
comparing Fig. 2, 5, and 6. The results
from scattering experiments, which char-
acterize solution properties on a very short
time scale, are in perfect agreement with
polymer theory. They indicate that the
micellar size increases first dramatically

with increasing wo, before it reaches a
plateau at high values of woo However, a
quite different behavior is seen when per-
forming rheological experiments, which
characterize solution properties on a long
time scale. The data shown in Fig. 2 is at
first in agreement with the strong increase
of the micellar size with increasing wo, but
then reaches a maximum and decreases
steeply at still higher values of woo This
shows the limits of a straightforward ap-
plication of polymer theory to surfactant
solutions and indicates that the finite life
time and the availability of other relaxa-
tion mechanisms in these systems must be
taken into account. The 'equilibrium pol-
ymer model', which represents a first at-
tempt to include the dynamic nature of
micellar aggregates in a theoretical de-
scription of these solutions, shows how
concepts from polymer science can be
modified and extended to other systems
[3][14][21].

Although not discussed explicitly in
this article, such an interdisciplinary ap-
proach is of course not restricted to viscoe-
lastic micellar solutions, but could be con-
sidered more generally in a variety of
colloidal systems. Another well document-
ed example can be found in the use of
inorganic colloids as precursors for ce-
ramic materials, where Schaefer has dem-
onstrated how one can use polymer theory
and fractal analysis in conjunction with
kinetic growth models and small-angle
scattering techniques to characterize the
structure of these precursor solutions and
to eventually tailor the properties of the
resulting ceramic materials [28].

Colloid and surfactant sciences appear
to undergo a 'renaissance' due to the in-
creasing interest in using ultrafine parti-
cles for a wide variety of applications in
materials science, pharmacy or biotech-
nology. It is thus my believe that an inter-
disciplinary approach, in which modem
theoretical concepts are borrowed from
scientific disciplines such as pol ymer phys-
ics or fractal geometry and included in the
traditional theoretical treatment of col-
loids, can be very helpful for a variety of
basic and applied research programs in
scientific fields as diverse as biophysics or
materials science.

My gratitude goes to C. Cavaco, Dr. J. S.
Pederesen, Dr. P. Lindner, Dr. Martin Leser, and
Dr. R. Scartazzini, who all made important con-
tributions to the investigation of the static and
dynamic properties of polymerlike lecithin re-
verse micelles. I am very grateful to Prof. P.L.
Luisi for his continuous support of this work.

78
CHI~IlA 48(1994) Nr. 3 (MUrl)

Received: February 2, 1994

[I] P.G. De Gennes, 'Scaling Concepts in Pol-
ymer Physics', Cornell University Press,
Ithaca, N.Y., 1979.

[2] M. Doi, S.F. Edwards, 'The Theory of
Polymer Dynamics', Oxford University
Press, Oxford, 1986.

[3] M.E. Cates, S.J. Candau, 1. Phys.: Con-
dens. Matter 1990,2,6869.

[4] J.N. Israelachvili, 'Intennolecular and Sur-
faces Forces', Academic Press, London,
1992.

[5] S.J. Candau, E. Hirsch, R. Zana, J. Col/aid
Interface Sci. 1985. 105. 521.

[6] S.J. Candau, E. Hirsch, R. Zana, M. Adam,
J.Col/oid Inlerface Sci. 1988, /22.430.

[7] 1. Marignan, 1. Appell, P. Bassereau, G.
Porte, R.P. May, J. Phys. Fr. 1989, 50,
3553.

[8] J. Appell, G. Porte, Europhys. Lett. 1990,
/2,185.

[9] T. Imae, Col/aid Polym. Sci. 1989, 267,
707.

[10] F. Kern, P. Lemarechal, S.J. Candau, M.E.
Cates, Langmuir 1992. 8, 437.

[11] P. Terech, V. Schaflhauser, P. Maldivi,
1.M. Guenet, Langmuir 1992, 8, 2104.

[12] P.L. Luisi, L.J. Magid, CRC Crit. Rev.
Biochem. 1986,20,409.

[13] R. Scartazzini, P.L. Luisi, J. Phys. Chen!.
1988,92,829.

[14] P. Schurtenberger, R. Scartazzini, P.L. Lu-
isi, Rheol. Acta 1989,28, 372.

[15] P. Schurtenberger, R. Scartazzini, L.J. Mag-
id. M.E. leser. P.l. luisi. 1. Phys. Chen/.
1990, 94, 3695.

[16] P. Schurtenberger, M.E. Newman, in 'Char-
acterization of Environmental Particles',
Eds.1. Buffleand H.P. van Leeuwen, Lewis
Publishers, Boca Raton, 1993,pp. 37-115.

[17] D.L. Goodstein, 'States of Matter' , Dover,
New York, 1985.

[18] R.G. Kirste, R.C. Oberthi.ir, in 'Small An-
gIe X-ray Scattering', Eds. O. Glatter and
O. Kratky, Academic Press, London, 1982,
pp. 387-431.

[19] P. Schurtenberger, L.J. Magid, S. King, P.
Lindner, J. Phys. Chent 1991, 95,4173.

[20] P. Schurtenberger, C. Cavaco, P. Lindner,
J.S. Pedersen, to be published.

[21] A. Ott. W. Urbach, D. Langevin. P. Schur-
tenberger, R. Scartazzini, P.L. Luisi, J.
Phys.: Condens. Matter 1990,2,5907.

[22] A. Khatory,F. Kern, F. Lequeux, J. Appell,
G. Porte, N. Morie, A. Ott, W. Urbach,
Langmuir 1993, 9, 933.

[23] D.W. Schaefer, C.C. Han, in 'Dynamic
Light Scattering', Ed. R. Pecora, Plenum
Press, New York, 1985,pp. 181-243.

[24] W. Brown, T. Nicolai, Colloid Polym. Sci.
1990, 268, 977.

[25] P. Schurtenberger and Cavaco, c., Lang-
muir 1994, 10, 100.

[26] P. Schurtenberger, C. Cavaco, J. Phys. /I
(Fr.) 1993, 3, 1279.

[27] P. Schurtenberger, C. Cavaco, J. Phys. /I
(Fr.) 1994,4,305.

[28] D.W. Schaefer, Science 1989, 243, 1023.
[29] P. Schurtenberger, Q. Peng, M. Leser, P.L.

Luisi, J. Colloid Ime/face Sci. 1993, J 56,
43.


