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Phase transitions, aggregation and gelation in 
colloid-polymer mixtures 

Henk Lekkerkerker, -ttVjiv/ 
Van't Hoff Laboratory for Ptiysicai and Colloid 
Chemistry, Utrecht University, The Netherlands 

Mixtures of colloidal particles and non-adsorbing 
polymers shov»/ interesting phase behaviour. The 
polymer acts as a depletion agent inducing an 
attraction betvi/een the colloidal particles. The range 
and depth of this attraction can be tuned by the size 
and concentration of the polymer. Due to this deple
tion-induced attraction both phase separation and 
colloidal aggregation occur. The interference be
tween these phenomena leads to interesting states 
of matter sucti as transient gels. 
In this talk I will describe both theory as well as 
experiment (small angle light scattering and light 
microscopy) on a model system consisting of stearyl 
coated silica spheres and polydimethylsiloxane 
polymers. In addition I will discuss the role of poly
mer-induced depletion interactions in a number of 
different systems ranging from drilling mud to aggre
gated blood. 

Phys 106, 3402 (1997). 
[3] T. Odijk, Depletion around a protein sphere 

interacting with a semidilute polymer solution, 
Langmuir, 13, 3579 (1997). 

Simulating rare events in complex liquids 

Daan Frenkel, 
FOM Institute for Atomic and Molecular Physics, 
Kruislaan 407, 1098 SJ Amsterdam, The Netheilands 

In many physical processes in complex liquids, the 
rate determining step is a barrier crossing event. 
Such phenomena are not easily studied using 
conventional simulation techniques. I shall discuss 
recent progress in this field and give examples, 
involving the formation of micelles In surfactant 
solutions and the fonnation of crystallites In homoge
neous nucleation. 

Depletion interactions among globular proteins 
and semidilute polymer 

Theo Odijk, 
Faculty of Chemical Engineering, Delft University of 
Technology, Ttie Netheriands 

We have formulated a new theory of depletion for 
small particles - specifically proteins - within a 
semidilute polymer suspension. If their radius is 
smaller than the polymer con-elation length, we show 
the following: 

1. A Laplace equation is valid for the polymer 
distribution surrounding the spheres. 

2. If there is an interaction between a sphere and a 
polymer segment, we have to solve a Helmholtz-
type equation. This can be done In a unlfonnly 
valid WKB approximation. 

3. A depletion interaction can be derived with the 
help of scaling arguments. 

4. When the suspension Is nondilute with respect to 
the protein, we may proceed in developing the 
statistical mechanics of the suspension by viewing 
the protein as a porous medium. Upon introducing 
a suitable probe function, it is possible to compute 
the depletion energy in terms of probe correlation 
functions. 

In this way it is possible to set up a comprehensive 
theory of depletion valid for all volume fractions. 
[1] T. Odijk, Protein-macromolecule interactions, 

Macromolecuies 29, 1842 (1996). 
[2] T. Odijk, Many-body interactions among protein 

spheres in a semi-dilute polymer solution, J Chem 
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Monday, September 15,1997 

Chairman: Otto Glatter 

KEYNOTE LECTURE Mode selective optical receivers: Applications to colloidal systems 

8:30 Jaros lav Ricka, University of Bern (CH) 

9:30 Attraction between liltely charged colloidal macroions? 

Hartmut Löwen, Universltat Dtjsseldorf (D) 

9:50 Dynamic light scattering in turbid suspensions: An application of 
different cross-correlation experiments 
Glaus Urban, ETH Zurich (CH) 

10:10 Restricted diffusion of colloids in model porous media 

B a s Kluijtmans, Utrecht University (NL) 

J/ 11:20 Fractal properties of clusters of colloidal magnetic particles 

Miguel Rubl, Universitat de Barcelona (ES) 

11:40 Photonic colloidal crystals 

Willem L. Vos, Universiteit van Amsterdam (NL) 

12 00 Contrast variation and optical polydispersity in colloidal suspensions 

Adolfo Banchio, Universitat Konstanz (D) 

INVITED LECTURE Quantitative real-space analysis of colloidal structures and processes 

12:20 Alfons van Blaaderen, Utrecht University (NL) 
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KEYNOTE LECTURE 

Mode selective optical receivers: Applications 

to colloidal systems 

Jaroslav Ricka 
Institute of Applied Physics, University of Bein, Switzerland 

There has been always an intimate relationship 
between colloids and optical sciences: this year we 
can celebrate the 140'" anniversary of the affair [1], 
and a quick glance through the contributions to the 
EClS meeting reveals a number of its most recent 
fruits. It is not only the colloid science who benefits 
from the partnership, quite frequently the progress of 
optical physics was in turn inspired by colloids. A 
prominent example is the development of Dynamic 
Light Scattering (DLS) that culminated 10 years ago 
following the advent of optical single-mode receivers: 
Robert Brown at Malvern [2] replaced the classical 
pair of pinholes (whose role is to select a single 
speckle) by a single-mode fiber that selects a single 
mode. This improves the performance of the tech
nique substantially. However, single-mode receivers 
represent a new class of optical devices and their full 
understanding requires a somewhat unusual way of 
thinking optics. Certain familiar concepts tum out to 
be inadequate, even the visible (and beautiful) 
boiling speckle pattern is replaced by the seemingly 
abstract notion of the receiver mode [3]. In my 
lecture I will introduce the principles and show, in two 
application examples, that it is worthwhile to accept 
this slight change of the point of view. My first 
example concerns, in addition to DLS, also confocal 
scanning microscopy [4] and is aimed at the superior 
sensitivity and simplicity of single-mode fiber setups 
with respect to pinhole devices. The second exam
ple, namely motion of colloids in opaque porous 
media [5] is representative for situations where the 
perfect single-mode selection is not only a matter of 
convenience and sensitivity, but rather a must. 
[1]. . . in not the biilh of the colloid science itself: M. 

Faraday, Expenmental Relations of Gold (and 
ottier Metals) to Ligtit, Phil. Trans. Roy. Soc. Lon
don 47 1857, pp. 145-181. 

[2] R.G.W. Brown, Dynamic light scattering using 
monomode optical fibers, Appl. Opt. 26 1987, pp. 
4846-4851. 

[3] J. Ricka, Dynamic light scattering with single-
mode and multimode receivers, Appl. Opt. 32 
1993 pp. 2860-2875. 

[4] See the lecture by A. van Blaaderen. 
[5] See the contribution by S. Kluijtmans. 

Atiraction between likely charged colioidal 

macroions? 

Hartmut Löwen 
Institut für Theoretische Physik II, Universitat Dijsseldorf, 
Gennany 

Recent measurements [1,2] have shown that like-
charge colloids exhibit an effective attraction when 
confined In charged parallel plates. This unexpected 
result has not yet been understood theoretically. 
Different theoretical approaches are proposed and 
discussed. In particular, the effective interaction 
between like-charge colloids is calculated using 
'exact' Monte-Carlo computer simulations of the 
primitive model [3]. 
[1] A. E. Larsen, D. G. Grler, Nature 385, pages 230¬

233 (1997). 
[2] C. A. Murray, Nature 385, pages 203-204 (1997). 
[3] I. D'AmIco, H. Löwen, Physica A, 1997, In press. 

Dynamic light scattering in turbid 

suspensions: An application of different cross-

correlation experiments 

Claus Urban, and Peter Schurtenberger 
Polymer Institute, ETH Zurich, Switzeriand 

The ability to characterise colloidal suspensions by 
means of dynamic light scattering is limited to 
systems with negligible contributions from multiple 
scattering. For larger particle sizes with high scatter
ing contrast this immediately limits the technique to 
very low concentrations. Therefore investigations of 
many industrially relevant dispersions are not possi
ble or require very high dilution, which results in a 
high probability for artefacts when working with 
emulsions and self-associating systems. Recently 
efforts were made to use the so called 'diffusing 
wave spectroscopy' [1] in the limit of strong multiple 
scattering. Unfortunately this method generally does 
not allow for a determination of important parameters 
such as the polydispersity of the particles. A very 
interesting solution of this problem was proposed by 
Klaus Schatzel [2], who suggested to suppress 
multiple scattering in dynamic light scattenng ex
periments with various cross-correlation schemes. 
Based on these considerations we have developed 
fibre-optics-based detectors and implemented new 
cross-con-elation techniques for the investigation of 
turbid colloidal suspensions. We have constructed a 
so called 3d-cross-correlatlon experiment with which 
we are able to characterise extremely turbid suspen
sions. In a first step we have tested the feasibility of 
these expenments with well defined model systems 
(suspensions of monodisperse latex particles with 
relative high volume fractions). Then, in a next step, 
we have measured 'real' systems of Industrial 
relevance such as, for example, undiluted baby milk. 
The results are very promising and demonstrate 
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unambiguously that such systems can be quantita
tively characterised by means of dynamic light 
scattering methods without having to resort to high 
dilution. The implementation of the 3d-cross-
correlation experiment opens up new opportunities in 
the characterisation of colloidal suspensions. We wiil 
present several applications of this technique In 
which we study static and dynamic properties of 
model and 'real' systems and investigate stability, 
aggregation and phase separation In optically dense 
systems. 

[1] Weltz, D. A., Zhu, J. X., Durian, D. J., and Pine, 
D. J,, In Structure and dynamics of strongly inter
acting colloids and supramolecular aggregates in 
solution (ed. S.-H. Chen, J. S. Huang, and P. 
Tartaglla) (Kluwer Academic Publishers, Dor
drecht), pp. 731 -748 (1992). 

[2] Schatzel, K., J. Mod. Opt., 38 (1991) 1849 - 1865, 

Restricted diffusion of colloids in model 

porous media 

Bas Kluijtmans and Albert Philipse 
Van't Hoff Laboratory for Physicai and Colloid 
Chemistry, Utrecht University, The Netheriands 

The restricted diffusion of (fluorescent) colloidal silica 
spheres in optically transparent porous media is 
measured by means of heterodyne dynamic light 
scattering (DLS) and Fluorescence Recovery After 
Photobleaching (FRAP). The diffusion of charged 
and uncharged silica particles in bicontinuous porous 
glasses Is compared with theoretical predictions for a 
spherical tracer In a cylinder Furthermore, we study 
the long-time self-diffusion in a random packing of 
spheres as a function of the tracer size. Experimental 
results will be compared with recent computer 
simulations of Lowe et ai. [1] which predict a remark
able non-Gaussian behaviour of the long-time 
diffusion. 

[1] C. Lowe, M. Hagen, and D. Frenkel, to be pub
lished. 

Fractal properties of clusters of colloidal 

magnetic particles 

R. Pastor-Satorra and Miguel Rubl 
Departament de Fisica Fondamental, Facultat de 
Fisica, Universitat de Barcelona, Spain 

We present results about the effect of dipolar inter
particle interactions in the aggregation of colloidal 
magnetic particles. We have studied the fractal 
dimension of the clusters In terms of the parameter 
comparing dipolar and thermal energies. Our results 
reveal that the shape of clusters is quite sensitive to 
variations of that parameter To render our analysis 
complete we have calculated different correlation 
functions, namely the pair correlation function, the 

orientation-vector correlation function, accounting for 
the relative orientation of pairs of particles or the 
correlation function of the moments. Due to the 
fractal nature of the clusters these correlation func
tions exhibit scaling behaviour. Finally, we show that 
our results can be extended to the three-dimensional 
case. Our findings enable one to elucidate the role 
played by dipolar interactions in aggregation phe
nomena and constitute a starting point to apply 
fractal concepts to the field of magnetic colloids. 
[1] R. Pastor-Satorras and J.M. Rubi, Phys. Rev. E, 

51,5994 (95). 

Photonic colloidal crystals 

Wiliem Vos and Mischa Megens. 
Van der Waals-Zeeman Instituut, Universiteit van 
Amsterdam, The Netheriands 

Photonic crystals are three-dimensional periodic 
composites of different dielectric materials, with 
lattice parameters on the order of the wavelength of 
light. Light that travels through such structures 
experiences a periodic variation of the refractive 
index, somewhat analogous to the potential of an 
electron in an atomic crystal. Photonic crystals are 
actively being studied with the goal to make e.g, 
photon switches, especially in the technologically 
Important optical region. 

Colloidal crystals are attractive candidates for optical 
photonic crystals. The reasons are that colloidal 
suspensions can spontaneously form regularly 
ordered arrays and that colloids naturally possess 
the desired length scales of several hundreds of nm. 
Therefore, we have Initiated experiments to study 
photonic colioidal crystals [1,2], We find that the ratio 
of the polarizability (the "optical volume") to the 
volume per particle is a useful measure of the 
interaction between the light and the crystals. A 
strong interaction causes a strong multiple scatter
ing, which Is optimized by a high particle density and 
an as large as possible ratio of the refractive indices 
of the particles and the liquid medium. The latter 
condition is usually avoided in colloid science. 
We have done optical diffraction expenments and 
found that the apparent Bragg spacings of the 
photonic crystals are completely different from the 
real spacings of the lattice planes. Two simple 
models have been derived that give a much better 
description of the diffraction and these are useful for 
multipie scattering colloidal samples. To avoid the 
influence of multiple scattering on the Interpretation 
of crystal structures, we have set up small angle x-
ray scattering experiments that yield exciting results, 
see the paper by Megens et al. Our optical transmis
sion experiments reveal forbidden bands, that are 
the precursors of the pursued photonic effects. The 
widths of these bands depend on the density of 
particles and have a maximum in the range 20-50 
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vol%. We will discuss other research, such as 
experiments to measure the fluorescence lifetime of 
organic dye inside the crystals. We expected 
changes In the lifetime if the emission wavelength of 
the dye Is in resonance with Bragg spacings of the 
crystals. In future, this may lead to novel types of 
lasers. 
We thank Ad Lagendijk, Rudolf Sprik, Gerard Weg-
dam, Judith Wijnhoven, Alfons van Blaaderen, and 
Carlos van Kats for their collaboration. 
[1] W.L. Vos, R. Sprik, A. van Blaaderen, A. Imhof, A. 

Lagendijk, G.H. Wegdam, Phys. Rev. B 53 (1996) 
16231. 

[2] W.L. Vos, M. Megens, C M . van Kats, P. Bösecke, 
J. Phys.: Condens. Matters (1996) 9503. 

Contrast variation and optical polydispersity in 

colloidal suspensions 

A. J. Banchio, A. Ferrante, G. Nagels and R. Klein 
Fakultat für Physik, Universitat Konstanz, Germany 

We present theoretical results on the effect of 
refractive index variations on static and dynamic light 
scattering in strongly correlated charge-stabilized 
suspensions and microemulsions which are optically 
and size polydlsperse. The equilibrium microstruc
ture of these systems Is calculated using Integral 
equations schemes, and various models of optical 
polydispersity are discussed. Our calculations show 
that, close to an Index matching point, the scattered 
intensity l(k) and the measurable hydrodynamic 
function HM(k) become very sensitive to the refractive 
index contrast with respect to the solvent. Vanous 
definitions of index matching points are considered. 
The incoherent part of the scattered intensity be
comes partlculary strong close to these points. The 
anomalous behaviour of l(kj and Hm(/<) In the corre
sponding range o f the solvent refractive index can be 
seml-quantitatively described by a simple approxi
mative scheme. Consequences for scattering experi
ments aimed t c determine size distributions or 
structural properties near Index matching are dis
cussed. 

INVITED LECTURE 

Quantitative real-space analysis of colloidal 

structures and processes 

Alfons van Blaaderen 
Van't Hoff Laboratory for Physical & Colloid Chemistry, 
Utrecht University, FOM Institute for Atomic and 
Molecular Physics, Amsterdam, The Netherlands 
In optically matched dispersions 3-D coordinates of 
fluorescently labeled silica core-shell particles (e.g., 
total radius 500 nm, fluorescent core 200nm) can be 
obtained with fluorescence confocal scanning light 
microscopy. Examples of the real-space structure of 
hard-sphere glasses [1], crystals grown through 
colloidal epitaxy [2], gels, electro-rheological fluids 
and binary structures will be given [3]. Further It will 
be shown that relatively fast temporal infonnation 
can only be obtained in a 2 0 plane (still in the bulk of 
a dispersion). Pros and cons of the technique will be 
discussed. 
[1] A. van Blaaderen, P. Wlltzlus.Sc/ence, 270, 1177 

(1995), 
[2] A. van Blaaderen, R. Ruel, P. Wiltzius, Nature, 

385, 321(1997). 
[3] A. van Blaaderen, Progress Coll. Polym. Sci., 

104, 108(1997). 
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Monday, September 15,1997 

Chairman: Jorrit Mellema 

KEYNOTE LECTURE The rheology of strongly interacting colloidal dispersions: 
15:00 Experimental elucidation of reversible shear thickening 

Norman Wagner, University of Delaware, Newark (USA) 

16:00 Butterfly pattern in lamellar mesophases under shear flow 

Walter Richtering, Universltat Freiburg (D) 

16:20 Rheology of suspensions stabilized by long polymers 

Paul Nommensen, University of Twente, Enschede (NL) 

16:40 Charged vesicle phases under shear 
Martin Bergmeier, Universltat Bayreuth (D) 

17:50 A study of the primary electroviscous effect in monodisperse carboxyl 

and sulfonate polystyrene latex suspensions 

Maria J o s e Garcia-Sal inas, University of Almeria (ES) 

18:10 Effect of shear on mesoscopic phase separation dynamics of 

copolymer melts 
Andrei Zvelindovsky, University of Groningen (NL) 

INVITED LECTURE The role of disorder in emulsion rheology 
18:30 Frangois Lequeux, Université Louis Pasteur, Strasbourg (F) 
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KEYNOTE LECTURE 

The rheology of strongly interacting colloidal 
dispersions: Experimental elucidation of 
reversible shear thickening 

Norman J. Wagner 
Center for Molecular and Engineering 
Thennodynamics, Chemical Engineering, University of 
Delaware, Newark, USA 

Concentrated suspensions of stable colloidal parti
cles exhibit a variety of Interesting phenomena that 
are often strongly influenced, or even generated by 
shear. Of interest to this presentation are; percola
tion, gelation, and a reversible shear thickening 
transition. I will discuss the latter in the context of the 
interparticle interactions and the underlying colloidal-
level microstructure. 

The microstructure of hard-sphere like and charged-
sphere suspensions are measured before and during 
shear thickening, as well as upon relaxation by novel 
techniques that combine rheology with optical and 
neutron scattering. Combining rheological measure
ments with these microstructural probes helps reveal 
the mechanism of shear thickening in these suspen
sions and how it depends on the method of colloidal 
stabilization. The influence of polydispersity on the 
transition Is explored through mixing monodisperse 
suspensions. These results have implications In 
numerous technological applications of suspensions 
that involve high shear rates, such as In paints, 
coatings and inks. 

polymer solutions under shear and might be a 
universal feature of soft two component solids. In 
SANS the butterfly pattern was accompanied by a 
scattering peak perpendicular to the flow direction 
and the intensity maximum prevailed after cessation 
of shear, whereas the butterfly pattern disappeared 
when the shear flow was stopped. Scattering ex
periments at high scattering vectors showed that 
slightly elongated vesicles were present at all shear 
rates, i.e. the butterfly pattern indicated the existence 
of a new supravesicular structure of the sample 
under shear. 

[1] O. Diaf D. Roux, F. Naliet, J. Phys. II France 
3:1427 (1993) 

Butterfly pattern in lamellar mesophases under 

shear flow 

Walter Richtering, J. Zipfel and Peter Lindner 
Universitat Freiburg, Institut für Makromolekulare 
Chemie, Gemiany and Institut Laue-Langevin, 
Grenoble, France. 

Concentrated aqueous surfactant solutions are 
known to form lyotropic liquid crystalline meso
phases. Shear flow has a profound influence on 
structure and orientation of such complex fluids. 
Roux and coworkers presented an orientation 
diagram for lamellar phases which included the 
alignment of surfactant lamellae at high and low 
shear rates and also a fonnation of vesicles at 
intermediate shear rates [1]. 

Here we wish to report on results obtained from a 
lamellar phase of a nonionic surfactant. Vesicles 
were fonned at low shear already but no shear 
alignment of lamellae could be found at high shear 
rates. Instead a "butterfly" pattern was observed in 
small angle light scattering (SALS) and small angle 
neutron scattering (SANS) from samples under 
shear. The butterfly pattern is known from semi dilute 

Rheology of suspensions stabilized by long 

polymers. 

Paul Nommensen, M,H,G. Duits, D. van den Ende, J. 
Mellema. 
J.M. Burgers Centre, Rheology group. University of 
Twente, The Netheriands 

The flow properties of a polymerically stabilized 
suspension differs at high concentration drastically 
from hard sphere behavior when the thickness of the 
polymer layer becomes of the order of the core 
radius. This effect Is studied by rheological meas
urements on model systems consisting of mono
disperse spherical silica cores onto which long 
polydimethylsiloxane chains are (end)grafted. 
We have synthesized the particles using the two step 
method of Auroy. The thickness of the polymer layer 
was measured using two different techniques : light 
scattering and viscometry. The results are in excel
lent agreement with each other The polymer layer 
has a thickness of the order of the core radius which 
is much larger then the radius of gyration of the 
polymers. Indicating that the polymers are in the 
brush regime. 
Steady shear measurements at low concentration 
show flow curves with both a low and high Nevirto-
nian shear plateau with a shear thinning regime in 
between. At high concentration the low shear plateau 
disappears. When a volume fraction Is defined on 
basis of Ubbelohde measurements, the softness of 
the particles is observed cleariy. 
The linear viscoelastic behavior was measured 
showing a strong increase of the elastic moduli with 
increasing concentration. The interaction potential 
between two particles has been obtained from this 
data. This potential is compared to theoretical results 
for repulsive interaction between polymer brushes on 
spherical surfaces. It will also be used in explaining 
the steady shear behavior at low shear rates. 
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Charged vesicle phases under shear 

Martin Bergmeier, M. Gradzielski, H. Hoffmann, 
Lehrstuhl für Physikalische Chemie I, Bayreuth, 
Germany 

We studied the influence of defined shear gradients 
and the effects of Ionic strength on charged vesicle 
phases. The aqueous system Is made up of the 
surfactant alkyldimethylamlnoxide, the cosurfactant 
hexanol and the cationic surfactant alkyltrimeth-
ylammoniumbromide. The latter is used to charge up 
the bilayers. The phase consists of densely packed 
multilamellar vesicles of high polydispersity. The 
dense package of the membranes leads to a yield 
stress value and the properties of typical Bingham-
gels. Air bubbles in a sample do not rise [1]. Shear 
and compression modulus are determined by the 
electrostatic interaction of the charged bilayers. The 
increase of Ionic strength leads to an exponential 
breakdown of the moduli and the loss of elastic 
properties. The compression modulus determined by 
static light scattering corresponds lineariy to the 
shear modulus determined by rheology. Moreover 
the addition of salt affects the size and shape of the 
vesicles. Upon addition of salt the size of the vesicles 
is decreasing until at a certain salt concentration a 
minimum is reached. Upon further addition of salt the 
vesicle size becomes larger again until the vesicles 
are transformed into a conventional lamellar phase. 
This is shown by FF-TEM and differential interfer
ence contrast microscopy. Also the flexibility and 
defomiability of the membrane is Increasing with 
higher Ionic strength, which was confirmed by SANS 
measurements. The effect of shear gradients on the 
vesicle phase is dramatic: Vesicle shells are stripped 
off with increasing shear rate until at a certain shear 
rate unilamellar vesicles are formed, which are quite 
monodisperse. This is unambiguously proofed by FF-
TEM micrographs. Also SANS studies under shear 
are consistent with this result. Corresponding to this 
structural change mechanical properties are affected: 
After shearing the vesicle solution at a certain shear 
rate the sample exhibits a higher shear modulus than 
before the shearing. The modulus is increased the 
more the higher the applied shear rate was. The 
measurement of the anisotropy of the electrical 
conductivity showed an Increase of conductivity in all 
directions. This Is due to the stripping of vesicle 
shells which leads to a release of counterions. The 
shearing Imposes a permanent change on the 
vesicle system. The small unilamellar and monodis
perse vesicles are preserved over long times and do 
not relax to the original state before the shearing [2]. 
This Is also proofed unambiguously by FF-TEM, 
SANS and conductivity measurements. 
[1] H. Hoffmann, C. Thunig, P. Schmiedel and U. 

Munkert, Langmuir 10 (1994), 3972-3981. 
[2] D. Roux, F. Naliet, O. Diat, Europhys. Lett. 24 

(1993), 53. 

A study ofthe primary electroviscous effect in 
monodisperse carboxyl and sulfonate 
polystyrene latex suspensions 

Maria Jose Garcia-Salinas, F. J. de las Nieves 
Complex Fluids Physics Group, University of Almeria, 
Spain 

Rheological properties of model colloidal particles 
dispersions have been widely studied. The hydrody
namic behaviour of the fluid is considerably affected 
by the presence of the electrical double layer (e.d.I.) 
around the spheres. These systems exhibit charac
teristic viscosity behaviour as a result of electro
viscous effects, usually classified into first-, second-
and third-order effects. The primary electroviscous 
effect occurs when a suspension of charged particles 
is sheared. When the system is undergoing flow, the 
double layer around the particles Is distorted by the 
shear field, leading to an extra dissipation of energy 
and an Increased viscosity. It manifests Itself as a 
correction factor "p" to the Einstein equation: i i r = 1 
+ k (1+p) (j) . Many researchers have studied this 
subject and developed different theories. However 
the theoretical estimation of the effect does not 
always agree with the experimental results. Further
more, there are scarce systematic studies about the 
influence of the surface charge density of the parti
cles on the p coefficient. 

In the present work, an experimental research of the 
primary electroviscous effect has been carried out 
with suspensions of carboxyl and sulfonate polysty
rene latexes. The p coefficient of this effect has been 
obtained by measuring viscosities of suspensions as 
a function of the volume fraction of solid, using an 
automatic device (Schott Gerate) with Ubbelohde 
capillary viscometers. The viscosities were measured 
at several pH and electrolyte (NaCI) concentrations. 
The Idea Is to vary the surface charge density of the 
particles by changing the pH of the solution and to 
study the influence of these changes on the primaiy 
electroviscous coefficient By changing the ionic 
strength we can modify the electric double layer 
thickness, and therefore vary the energy dissipated 
during its distortion. The electroviscous effect was 
also studied with a latex of different functionality 
(sulfonate) but similar particle size and surface 
charge density to the carboxyl one. The experimental 
values of electroviscous effect were compared with 
those obtained theoretically by several authors 
(Smoluchowski, Krasny-Ergen, Booth, and Watter
son and White). The discrepancy between both 
theoretical and experimental p values, the latter 
usually being higher, is discussed and checked when 
the surface charge of the particles varied. 
The financial support provided by the CICYT (project 
MAT96-1035-C03-03) is greatly appreciated. 
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Eflect of shear on mesoscopic phase 
separation dynamics of copolymer melts 

Andrei Zvelindovsky, N.M. Maurits, G.J.A. Sevink, 
J,G.E.M, Fraaije 
Department of Bioptiysical Ctiemistry, University of 
Groningen, The Netherlands 
Computer simulations of 3D phase separation 
dynamics of copolymer melts in the presence of 
macroscopic shear are carried out in the framework 
of generalized time-dependent Ginzburg-Landau 
theory. The thermodynamic forces are obtained 
assuming a Gaussian chain as a molecular model. 
The melt dynamics is described by the multicompo
nent functional Langevin equation for the polymer 
diffusion with stochastic noise and a convective tenri. 
The noise correlations are dictated by the fluctuation-
dissipation theorem and determined by diffusion 
operator. The influence of the oscillatory, step-shear 
strain and steady shear on the copolymer melt 
morphology are considered. The stresses in the 
system caused by the shear are discussed in detail. 

INVITED LECTURE 

The role of disorder in emulsion rheology 

Fran?ols Lequeux 
Laboratoire de Dynamique des Fluides Complexes, 
Strasbourg, France 
Concentrated emulsions, which consist of oil droplets 
dispersed into water, at a volume fraction larger than 
the random close packing one, are commonly used 
in cosmetics, food industry etc... They exhibit very 
curious mechanical properties. In the twenty past 
years, emulsion rheology has been understood on 
the basis of the Princen models. These models are 
quite efficient to describe the general behavior of the 
rheology of emulsions, namely the yield stress, and 
the elastic modulus. However, a lot of phenomena, 
such as the non-linearity and the frequency depend
ence of the loss modulus, are completely unun-
derstood. We will explain that the quenched disorder 
is responsible for these complex phenomena. 
Actually, the mechanical response of an emulsion 
can be divided in at least three domains. 
. In the first mechanical regime - very small strains -

the response is linear, and can be related to ther
mal fluctuations. 

. In the second regime, for intemiediate values of the 
strain below the yield stress, the response is non
linear, but the elastic modulus Is apparently l inear 

. Above the yield stress, the system flows with 
fracture. 

We will describe the mechanisms involved in the 
three regimes. 
To demonstrate the origin of non-linearities, we will 
use the results of a new technique, the position echo 
technique, that we have developed In our laboratory 
(in collaboration with D.J. Pine U.C.S.B.) [1]. This 
technique consists in measuring the motion of the oil 
droplets In a periodic macroscopic flow, and espe
cially the periodicity of the trajectories of the oil 
droplets. We will discuss the results of our experi
ment and show that in the second and in the third 
mechanical regime, only some of the droplets 
contribute to the irreversibility of the flow. We will 
also use the result of a recent theoretical model [2] 
describing the rheology of soft glassy materials. 
[1] P. Hébraud, F. Lequeux, J.P. Munch, D. J. Pine: 

Yielding and rearrangements in concentrated 
emulsions submitted to Phys Rev Lett 

[2] P. Sollich, F. Lequeux, P. Hébraud, M.E, Cates; 
Rheology of soft glassy materials Phys Rev Lett 
78 p 2020-2023 (1997) 
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Tuesday, September 16,1997 

Chairman: Peter Schurtenberger 

KEYNOTE LECTURE Structure and phase equilibria of microemulsions 
8;30 Ulf O lsson , Lund University (S) 

9;30 Undulations in lamellar phases of charged fluid membranes. Theory 

versus experiment 
Renko de Vries, Delft University of Technology (NL) 

9:50 Monte Carlo simulation studies of semidilute solutions of semiflexible 

polymers and wormlike micelles 

J a n Skov Pedersen, Ris0 National Laboratory (DK) 

10:10 Lyotropic hexagonal phases incorporating ferrlmagnetic particles of 

nanometric size 

Laurence Ramos, Collége de France (F) 

11:20 Transient-electric-birefringence study of rod-shaped water-in-oil 

^ microemulsions 
Vittorio Deglorgio, Universita dl Pavia (I) 

11:40 Swollen micelles plus hydrophobically end-grafted hydrosoluble 

polymers In aqueous solutions: decoration versus bridging 

Jacquel ine Appell, Université Montpellier II (F) 

12:00 Amphiphilic block copolymers in ternary mixtures with water and 

organic solvent: effect of copolymer and solvent type on phase 

behavior and structure 

Björn Lindman, Lund University (S) 

INVITED LECTURE Recent advances In cryogenic transmission electron microscopy 
12:20 Dganit Danino, Technion Israel Institute ofTechnology (ISR) 
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KEYNOTE LECTURE 

structure and pliase equilibria of microemulsions 

Ulf Olsson 
Physical Chemistry 1, Lund University, Sweden 
The structure and stability of microemulsions gov
erned by curvature elasticity vi/ill be discussed and 
exemplified w/lth non-ionic (QEj) surfactant systems. A 
crucial parameter in these systems is the spontaneous 
curvature. Ho, of the sui-factant monolayer film. A 
bicontinuous microemulslon, containing similar 
amounts of water and oil is stable when Ho Is near 
zero, while at larger deviations from zero, a droplet 
structure is stabilised. The Invariance of the curvature 
energy with respect to the transfonnation Ho -> -Ho 
and (|)o -> (1-<|io), <tio being the volume fraction of apolar 
component (oil), implies a symmetric phase diagram, 
as observed with (CiE,) surfactants for which Ho is 
found to be a strong and approximately linear function 
of the temperature. Spherical OA/V droplets, interact
ing essentially as hard spheres, can be prepared over 
a large of volume fractions. Their phase separation 
with excess oil shows interesting features with me
tastable and unstable regions. When Ho is near zero 
the phase diagrams also contain an L3 (sponge) 
phase. This phase joins up with the bicontinuous 
microemulslon upon bilayer swelling and may also 
crystallise into a cubic phase at higher surfactant 
concentration. The L3 phase has a finite swelling and 
coexists with excess solvent. While the binodal line 
con-esponds to n=0 , n being the osmotic pressure, 
we may also identify a spinodal line from dUld^=0 
inside the coexistence region. 

Undulations in lamellar phases of charged fluid 

membranes. Theory versus experiment 

Renko de Vries 
Department of Polymer Technology, Delft University of 
Technology, The.Netheriands. 

We have developed theories that account for the 
interplay between electrostatic interactions and 
thermal undulations in lamellar phases of charged 
fluid membranes, both In the presence and in the 
absence of excess added monovalent electrolyte. 
The present presentation briefly reviews these 
theories and shows that they quantitatively account 
for the results of the light-scattering experiments of 
Schoemacker and Strey (J. Phys. Chem. 98, 3908 
(1994)) on dilute lamellar phases of the non-ionic 
surfactant n-dodecyl pentaethylene glycolether, to 
which small amounts of the ionic surfactant sodium 
dodecyl sulphate were added, both In the presence 
and in the absence of added monovalent electrolyte. 

Suïfactant Colloids^ 

Monte Carlo simulation studies of semidilute 

solutions of semiflexible polymers and 

wormlike micelles 

Jan Skov Pedersen \ P. Schurtenberger^ 
' Department of Solid State Physics, Ris0 National 

Laboratory, Denmark; 
^ Institut fiir Polymere, ETH Ziirich, Switzeriand 

We have perfonmed IWonte Cario simulation studies 
on the Kratky-Porod model for semiflexible chains 
used in our previous studies of single chain proper
ties [1,2]. Hard spheres with a radius R=0.^b, here b 
Is the statistical segment length, are placed along the 
chains to simulate the excluded volume of the 
polymer The strength of the excluded volume 
interactions corresponds to that found for wonnllke 
micelles as well as polystyrene in a good solvent. 
Simulations have been perfonmed for contour length 
of L/b=3, 10.9, 30 and 90 using a box with periodic 
boundary conditions. For each of the contour 
lengths, the concentration was varied from very 
dilute concentration well below the overiap concen
tration c* up to a volume fraction of 0.1-0.2. The 
scattering function S(q) of the full system as well as 
the scattering function Sc(q) of the single chains were 
calculated and sampled. The expected reduction of 
the intensity and decrease of the correlation length ^ 
is observed. The functions were fitted in the region of 
small scattering vectors by the Debye function for a 
single Gaussian chain and the forward scattering 
3(0) and ^ were obtained. When plotted versus the 
reduced concentration X=clc*, both S(0) and ^ 
display a universal behaviour, which closely follow 
the experimentally observed behaviour for polymers 
in good solvents or polymeriike micelles with char
acteristic deviations from the renormalization group 
predictions [3] at high values of X. As a first step, the 
q dependence of the scattering functions were 
analysed by fitting the previously determined single 
chain scattering functions [2] to the simulation data. It 
was found that the determined (apparent) b values 
increase with increasing concentration. However an 
examination of the angular correlation function 
demonstrates that the persistence length Ip=bl2 
determined from this function is independent of 
concentration. This shows that the flexibility is not 
influenced at these concentrations in spite of the fact 
that the interference effect has a profound Influence 
on S(q) even at relatively high q values. A more 
realistic approach to a complete description of the full 
q and c dependence of the scattering functions were 
based on the framework of the Omstein-Zernike 
theory and the random phase approximation (RPA). 
The scattering functions were found to follow a 
modified RPA equation S(q)=Sc(c?)/[1+v(c)C(c?)], 
where v(c)=1/S(0)-1 and C{q) Is a universal function 
similar to the Debye function for a Gaussian chain 
without excluded volume effects and without the 
characteristic Mq behaviour at high q originating from 
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local stiffness. The analysis furthermore showed that 
screening of the excluded volume effects at high c 
are important for both Sc(q) and C(q). 

[1] J.S. Pedersen, M. Laso, P. Schurtenberger 
(1996). Phys. Rev. E54, 5917. 

[2] J.S. Pedersen, P. Schurtenberger, Macromole
cuies 29, 7602 (1996). 

[3] T. Ohta, Y. Oono, Phys. Lett. 89A, 460, (1982). 

Lyotropic hexagonal phases incorporating 
ferrlmagnetic particles of nanometric size 

Laurence Ramos. P. Fabre, F. Mallet 
Laboratoire de Physique de la Matière Condensée, 
Collége de France, Paris, France 

We have evidenced the existence of 'swollen' 
lyotropic hexagonal phases In a quinary system of 
oil, water, salt, Ionic surfactant and cosurfactant. The 
swelling consists of an increase of the diameter of 
the oily cylinders, the control parameter being the 
ionic force of the polar medium, which directly 
governs the spontaneous radius of curvature of the 
surfactant monolayer; cylinders whose diameter can 
be monitored between 3 and 34 nm, keeping small 
the distance between adjacent cylinders are thus 
obtained. 

We elaborate a magnetic hexagonal system by 
incorporating ferromagnetic particles of typical size 
10 nm inside the cylinders of the swollen lyotropic 
hexagonal phase. The small-angle X-ray scattering 
spectra of the hybrid systems thus realised display 
specific features, due to the unidimensional confine
ment of the gas of colloidal particles. 
Moreover, owing to the magnetic nature of the 
particles, the hybrid system reorients under a weak 
magnetic field. This property allows to obtain well-
oriented samples. They enable the study of the 
elastic properties of the doped hexagonal phase by 
means of two experimental techniques. On the one 
hand, by observation of the textures In polarised light 
microscopy, we determine a penetration length which 
characterises the softness of the system. On the 
other hand, quasi-elastic light scattering experiments 
give infonnation both on the anisotropic diffusion of 
the colloids inside the cylinders and on the fluctua
tions of the cylinders via a hydrodynamic coupling. 

Transient-electric-birefringence study of rod-
shaped water-in-oil microemulsions. 

Vittorio Deoiorgio Francesco Mantegazza Mario 
E. Giardini' ^ A. Louise Price'', David C. Steytler^ 
Brian H. Robinson'' 
' Dipartimento di Elettronica, Universita di Pavia, Italy 
^ INFM, Istituto Nazionale per la Fisica della Materia, Italy 
^ Istituto di Scienze Fanmacologiche, Université di 

Milano, Italy 
" School of Chemical Sciences, University of East 

Anglia, Norwich, UK 

Transient electric-birefringence (TEB) and small-
angle neutron-scattering (SANS) studies have been 
carried out on w/o microemulsions stabilised by the 
nickel salt of di(ethyl)hexylsulphosucclnate Ni(AOT)2. 
The system fonns rods at low water contents, which 
convert to more spherical aggregates as the con
centration of water is increased. TEB data have been 
obtained as a function of volume fraction and water 
content, both below and above the entanglement 
regime. The asymptotic decay of birefringence is well 
described by a stretched-exponential function [1]. 
The dynamic data have been analysed following 
consideration of the theory by Cates [2] assuming 
that the rods are rigid, polydlsperse and can undergo 
reversible scission. The static data have been 
interpreted developing a theoretical model to calcu
late the polarizabilities along and orthogonal to the 
symmetry axis of the rod [3]. With the aid of this 
model, we can justify an apparent collective effect In 
the specific Kerr constant and compare the rod 
dimensions measured by SANS and by TEB. A 
reasonably good agreement is obtained. 
[1] T. Bellini, F. Mantegazza, R. Piazza, and V. Deglor

gio, Europhys. Lett., 10, 499 (1989), 
[2] M, E. Cates, C. M. Marques, and J.-P. Bouchaud, 

J .Chem. Phys. 94 ,8529 (1991). 
[3] E. van der Linden, S. Geiger, and D. Bedeaux, 

Physica A, 156, 130 (1989). 
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Swollen micelles plus hydrophobically end-
grafted hydrosoluble polymers in aqueous 
solutions: decoration versus bridging. 

Jacqueline Appell , Mattias Swansson, Raymond Aznar, 
Grégoire Porte 
Groupe de Dynamique des Phases Condensées, 
Université Montpellier II, France 

The aqueous solutions of oil-sw/ollen micelles (Cetyl-
pyridlnium chloride, octanol and decane) and of 
hydrosoluble polyoxyethylene with a hydrophobic 
group sticker (C12H25) grafted at one or both extremi
ties -POEm or POE2m- are studied by small angle 
neutron scattering (SANS). The solutions are char
acterized by h/vo parameters: the concentration of 
swollen micelles [c] and the number [r] of stickers per 
micelle. From the SANS scattering patterns we can 
infer that: 
1. The hydrophobic group grafted at the extremity of 

the hydrosoluble polyoxyethylene sticks in the 
hydrophobic core of the swollen micelles. 

2. In solutions with constant [c], the micelles remain 
Identical over a large range of [r] from 0 to more 
than - 8 0 . They are globular with a radius of 6OA. 

3. Strong effective Interactions are introduced by the 
grafted polymers; these Interactions are repulsive 
but attenuated when the polymer Is grafted at 
both ends. 

At low concentration of micelles ( < 2% In weight) a 
slow phase separation is found to occur when the 
number of stickers / micelle becomes larger than -60 : 
the solution becomes cloudy and evidence of this 
phase separation Is found in the scattering pattern at 
very low scattering vectors while a conelation peak 
indicates the persistence of a repulsive interaction. 
This phase separation is observ/ed in the solutions 
with polymers grafted at one end only or grafted at 
both ends. We will discuss these results and espe
cially the strong effective interactions introduced 
between the micelles by the POEm or P0E2m taking 
into account the fact that both bridging and decoration 
are possible for the POE2m: the polymer grafted at 
both extremities and that only decoration is possible 
for the POEm: the polymer grafted at one extremity. 

Amphiphilic block copolymers in ternary 

mixtures with water and organic solvent: effect 

of copolymer and solvent type on phase 

behavior and structure 

Biöm Lindman, Paschalis Alexandridis, Peter Holmqvist 
Physical Chemistry 1, Lund University, Sweden 

The phase behavior and microstructure in ternary 
systems composed of an amphiphilic block copoly
mer, an aqueous solvent ('water"), and an organic 
solvent ("oil"), where the copolymers consist of 
poly(ethylene oxide) as hydrophilic block and 
poly(propylene oxide), poly(1,2-butylene oxide), or 

poly(n-butylene oxide) = poly(tetrahydrofurane) as 
hydrophobic blocks, and for the p-xylene, n-butyl 
acetate, and butan-1-ol organic solvents, is revie
wed. A notable structural polymorphism (with up to 2 
solution and 7 liquid crystalline different phases) has 
been observed when the "oil" is selective solvent for 
the hydrophobic blocks, and can be attributed to the 
varying degree of swelling of the hydrophilic and 
hydrophobic blocks afforded by the macromolecular 
amphiphiles. The liquid crystalline structure in water-
lean systems is lost when the "oil" is not a selective 
solvent for the hydrophobic blocks; Isotropic solu
tions or crystalline/glassy precipitates are obtained 
when the oil is a "good" or a "bad" solvent, respec
tively. The phase behavior of these block copolymers 
are compared with those of surfactants and other 
systems of amphiphilic polymers and similarities and 
differences are discussed. 

INVITED LECTURE 

Recent advances in cryogenic transmission 

electron microscopy 

Doanit Danino. Marganit Goldraich, Myriam Bouhnik 
and Yeshayahu Talmon 
Department of Chemical Engineering, Technion, Haifa, 
Israel 

Cryo-transmission electron microscopy Is a powerful 
technique In the study of colloidal systems, as It 
gives direct Images, elucidating the basic building 
blocks that make up those systems. However, the 
basic method is restricted to the study of relatively 
low viscosity aqueous systems because of serious 
problems In sample preparation. Over the past few 
years we have introduced various developments and 
improvements that have made cryo-TEM applicable 
to a much wider spectrum of systems. For example, 
the improved flow-thru controlled environment 
vitrification system (FT-GEVS) makes it possible to 
study processes that involve microstructural changes 
resulting from changes In extemal parameters such 
as concentration or temperature, leading to highly 
viscous phases. The technique has now been exten
ded to non-aqueous systems, too. 
In my talk I will discuss temperature-jump experi
ments leading to gel fonnation and phase separation 
In polysaccharides, and the study of aggregate 
morphology, and polyelectrolyte/surfactant interac
tions. I will also describe an Improved procedure we 
have developed recently that enables us to prepare 
and examine samples where the continuous phase Is 
an organic solvent. 
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KEYNOTE LECTURE Charge, structure and stability of aqueous polymer-colloid 

8:30 suspensions 

Michal Borkovec, ETH Zürich (CH) 

^ 9:30 Orientation of rods in a simple shear flow 

Ben Brown, Cavendish Laboratory, Cambridge (UK) 

^ 9:50 The fractal structure of colloidal particle aggregates 

Janine Burns, The University of Newcastle, Callaghan (AUS) 

10:10 Lamellar composite magnetic materials 

Valerie Cabuil , Université Pierre et Marie Curie (F) 

11:20 Hard particle systems via statistical geometry; analysis, simulation, 

depletion forces 

Howard R e i s s , University of Califomia, Los Angeles (USA) 

^ 11:40 Aggregation behaviour of protein coated polymer colloids studied by 
single cluster light scattering 
Artur Schmitt, Universidad de Granada (ES) 

12:00 Entropie phase transitions in rod-like virus suspensions 

Zvonimir Dogic, Brandeis University, Waltham (USA) 

INVITED LECTURE Light scattering studies of adsorption of surfactant and polymers on 

12:20 colloids 

Roberto Piazza, University of Pavia (I) 
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KEYNOTE LECTURE 

Charge, structure and stability of aqueous 
polymer-colloid suspensions 

Wlichal Borkovec, 
ETH-ITO, Schlieren, Switzerland 

Since ttie fonnulation of ttie theory of Derjaguin, 
Landau, Verwey and Overbeek (DLVO), investigation 
of structure and dynamics in suspensions of charged 
particles and macromolecuies represents a central 
topic in basic and applied colloid research. This talk 
will highlight various properties of such systems and 
relate the current concepts which are needed for 
their understanding. In the beginning, mechanisms 
for the build-up of charge on macromolecuies and 
colloidal particles will be discussed from a general 
point of view. These concepts will then be applied to 
the understanding of electrostatic forces, which 
determine the structure and aggregation behaviour of 
colloidal particle suspensions. At low salt concentra
tions, stable suspensions may fomi colloidal crystals 
or display fluid-like structures. Properties of these 
systems are mainly determined by effective charges, 
which derive from the far-field limit of the electrostatic 
potentials. At higher salt concentrations, the suspen
sions become unstable and the particles aggregate. 
In the eariy stages of the aggregation process, the 
particles form doublets at first, while at later stages 
larger clusters and possibly gels are fonned. In 
certain situations, the rate constant of the doublet 
fomiation can be understood on the basis of the 
classical DLVO-theory quantitatively. In other situa
tions, the DLVO-theory may fail seriously due to the 
Inaccuracy of the DLVO-potentials at short distances. 

Orientation of rods in a simple shear flow 

Ben Brown, S. M. Clarke and A. R. Rennie 
Polymers & Colloids Group, Cavendish Laboratory, 
Cambridge, U.K. 

It is well known that a shear field produces alignment in 
a dilute colloidal dispersion of rods. In the concentrated 
regime, the extent and nature ofthe alignment is not so 
well understood. This paper describes a method to 
measure the orientation of monocrystalline particles. 
The technique is presented and results from application 
to well characterised systems are described. 
The method uses neutron diffraction [1,2] which can 
readily be applied to dispersions In appropriate 
liquids. The Intensity of a diffraction peak on a 
detector from a system of many of crystals is propor
tional to the number of crystals In the correct 
orientation to diffract. If a sample is placed at differ
ent orientations, then particles at different orien
tations with respect to the sample are investigated. 
Thus it Is possible to map out the full orientation 
distribution function and calculate orientational order 

parameters. 
To enable the physics of the system to be Investi
gated the simplest possible system was chosen. 
Here a monodisperse system of hard, sterically 
stabilised rods (precipitated calcium cartjonate) in a 
simple shear flow was investigated. Results have 
been obtained showing not only the extent of orien
tation but also the shape of the orientation 
distribution function as it varies with flow rate and 
concentration. Experiments have been used to 
measure order in simple shear and pipe flows as well 
as the disorder near baffles. Several particles are 
suitable for these studies and these studies can 
provide infomiation about liquid crystalline order in 
colloidal dispersions. 

[1] S. M. Clarke, A. R. Rennie, P. Convert Europhys 
Letts. 35 (3),1996, 233-238 

[2] A. B. D. Brown, S. M: Clarke, A. R. Rennie in 
Press 

The fractal structure of colloidal particle 

aggregates 

Janine Burns' ^ Yao-de Yan ^, Graeme J. Jameson ^ 
Simon Biggs' 
' Department of Chemistry and 
' Department of Chemical Engineering, The University 

of Newcastle, Callaghan, Australia 

The aggregation of colloidal particles has been the 
subject of many experimental and theoretical investi
gations. The aggregate structure is also an area of 
prime Interest In colloid science, with important 
Implications for problems relating to, for example, 
water pollution control. Fractal morphology has been 
demonstrated for aggregates of colloidal particles. In 
particular, aggregates formed upon the addition of 
electrolyte. In recent years, much attention has been 
paid to the aggregation of colloidal particles induced 
by the presence of non-absorbing polymer, i.e., 
depletion flocculation. However, very little has been 
presented on the fractal nature of these aggregates. 
In this work the fractal dimension of aggregates 
fonned from polystyrene latex particles has been 
studied. In the absence of polymer, the fractal 
dimension was found to be strongly dependent on 
electrolyte concentration (KNO3) and also particle 
concentration, and was found to range from 1.78 to 
2.20, These results are consistent with those re
ported for diffusion-limited cluster aggregation 
(DLCA) and reaction-limited aggregation (RLA), 
respectively. We have also studied a range of 
parameters including polymer concentration, particle 
concentration, polymer WIW and pH and their effects 
on the fractal structure of the depletion flocculated 
aggregates. Fractal dimensions up to a value of 3 
have been observed, A comparison between the 
results from electrolyte-induced aggregations and the 
depletion-induced flocculatlons will be presented. 
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Lamellar composite magnetic materials 

Valerie Cabuil \ Sandrine Lefebure\ Dominique 
AusseireVBassam Hamdoum^, Franck Paris ^,Yves 
Gallot^ Valeria Lauter" 
' Lab. L.I.I.e., Université Pierre et Marie Curie, Paris, 

France 
^ Lab. Physique de I'Etat Condensé, Université du 

Maine, Le Mans, France 
^ Institut Charies Sadron, Strasbourg, France 
" Institut Laue Langevin, Grenoble, France 

Lamellar nanocomposite materials have been 
obtained, mixing symmetric copolymers and polymer 
coated magnetic nanoparticles. Particles are mono-
sized ferric oxide grains with a diameter of 6, 8, or 11 
nm. They are coated by end-functionallzed polysty
rene chains with molar masses which have been 
varied from 9 to 1.5 kg/mol. The particles are dis
persed with symmetric polystyrene - polybutyl-
methacrylate copolymers In toluene, and films are 
prepared using a spin coating method, then an
nealed. Lamellar structures Including the magnetic 
particles in the polystyrene layers are obtained, and 
their characteristics are discussed in terms of parti
cles size, mass of the polymer coating the grains, 
concentration of homopolymer in the mixture. AFM 
studies and neutrons scattering results will be 
presented. 

Hard particle systems via statistical geometry; 

analysis, simulation, depletion forces. 

Howard Reiss, David S. CortI, Gerardo Soto-Campos 
University of Califomia, Los Angeles, U.S.A. 

In the context of hard particles, "statistical geometry" 
is a name coined by Speedy [1] to describe a statisti
cal mechanical approach that uses "available space" 
and the Interface separating available from unavail
able space as thermodynamic variables acting as 
surrogates for chemical potential and pressure. One 
of the eariiest developments of this type is the 
"scaled particle theory" (SPT) [2] that led to an 
equation of state for hard spheres that was rederived 
via Percus-Yevick (PY) theory several years later, 
and Is now known as the PY equation of state for 
hard spheres. The results of the two theories for the 
chemical potential are different, however, and the 
pressure and chemical potential in SPT are related In 
a thermodynamlca|ly consistent manner while in PY 
theory they are not. 

In spite of the importance of depletion forces and the 
use of colloid models of hard sphere systems, many 
colloid scientists are not familiar with statistical 
geometrical techniques [3]. Hopefully, this paper, 
besides introducing new results, will facilitate com
munication. Depletion force theory will be translated 
into the language of statistical geometry. 
The available space is the volume in a fixed hard 
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particle configuration within which the center of an 
additional hard particle can be inserted. It is closely 
connected to the "Insertion probability" which was 
also used for the first time in reference 2. 
Among many other EXACT relations, statistical 
geometry has demonstrated that (i) percolation of the 
unavailable space and the coexistence of hard 
particle fluid and solid must occur at different densi
ties, (ii) that, if a first order phase transition occurs, 
then, in the relevant density regime, dV'/dA' = -a/6 
where V' is the available space, A' is the interface 
with the unavailable space, and a is the hard particle 
diameter. Another exact relation Is only valid on the 
unconstrained stable equilibrium isothenn of the 
system and not on a metastable branch. The new 
relations will be discussed. 

A recent technique that emphasizes the direct 
evaluation of available space In the computation of 
the thermodynamic properties of hard particle 
systems will be described. The method considers an 
arbitrary volume v within the system and provides an 
expansion of <n> the average number of particles 
within V ( <n> = vw where w is the number density in 
the system) in powers of z, the activity that con
verges on w at low density. The coefficients in this 
expansion are certain carefully defined averages of 
the available volumes, and their products, within v 
when zero particles, one particle, two particles etc. 
are known to be in v. Even the limit v=0 when at 
most the center of one particle can lie in v Is accept
able. This formulation has many analytical 
advantages, but It also has a powerful simulative 
advantage since it allows one to use the "insertion 
method" for hard particle system at densities that 
encompass the freezing transition. For example, in a 
hard rod system it quickly yields the correct chemical 
potential at a density exceeding 0.9 of close packing 
when not even a single successful Insertion, via the 
conventional method, has been accomplished. 
[1] R. J. Speedy, J. Chem. Soc , Faraday Trans. 73, 

714 (1977); Ibid 77, 329 (1981), ibid 78,1645 
(1982), 

[2] H, Reiss, H, L. Frisch, and J,L, Lebowitz, J. 
Chem. Phys. 31,369 (1959). 

[3] H. Reiss, J. Phys. Chem. 96, 4736 (1992). 
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Aggregation behaviour of protein coated 

polymer colloids studied by single cluster light 

scattering 
Artur Schmitt \ A. Fernéndez-Barbero^ M.A. 
Cabrerizo-Vilchez' and R. Hidalgo-Alvarez 
' Departamento de Fisica Aplicada, Universidad de 

Granada, Spain 
^ Departamento de Fisica Aplicada, Universidad de 

Almeha, Spain 
The addition of macromolecuies to a colloidal disper
sion strongly affects its stability and gives rise to a wide 
range of different phenomena. Non adsorbing mole
cules produce depletion flocculation whilst molecules 
that adsortD onto the particles surface may fonn bndges 
between the particles and, thus, give rise to bridging 
flocculation. In the latter case, however, steric effects 
may Impede flocculation at high surface coverage and 
therefore, lead to increased colloidal stability. 
In this work, bridging flocculation was studied by means 
of single cluster light scattering. This technique as
sesses the time evolution of the number of aggregates 
of different size by simple counting. Therefore, no more 
or less justified assumptions on the detailed cluster-size 
distribution have to be made for proper interpretation of 
experimental results and kinetic growth models may be 
checked almost directly. For studying the bridging 
flocculation mechanism, monodisperse aqueous 
suspensions of spherical polystyrene particles were 
chosen as model polymer colloids and bovine semm 
albumin (BSA) as a model for adsortsing macromole
cuies. Particles with a well known degree of surface 
coverage were obtained by adding different amounts of 
BSA to a fixed quantity of colloid. The amount of non 
adsorbed protein was then measured photometrically 
and an adsorption Isothenn was detennined. 
Flocculation was started by adding of a different 
amount of electrolyte to a monodisperse sample. By 
the aid of our single cluster light scattering instru
ment, the number of different species of aggregates 
was measured as a function of time. The initial rate 
constants were obtained by fitting a straight line to 
the onset of the inverse square root of the monomer 
concentration and to the average mean cluster size 
<nn>. Bridging flocculation as well as steric stabilisa
tion were studied as a function of the pH, ionic 
strength and surface coverage. 
In basic media, the adsorbed proteins provide 
additional negative charge and thus should give rise 
to an increased colloidal stability of the samples. At 
high electrolyte concentration, however, this addi
tional charge is insufficient to prevent aggregation 
and additional stability was found only for the parti
cles with a high degree of surface coverage due to 
steric effects. At longer times, however, the floccula
tion processes stopped and the average mean 
cluster size <n„> reached a somewhat unexpected 
final plateau. In slightly acidic media, the BSA 
molecules are very closed to their isoelectric point 
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and therefore, do not alter the particle's surface 
charge. In this case, the aggregation process Is 
affected very little by the presence of protein on the 
particle surface and not even steric interactions lead 
to a complete stabilisation of the samples. 
Financial support by the CICYT project MAT94-0560 
and the Gottlieb Daimler-und Karl Benz-Stiftung is 
gratefully acknowledged. 
[1] E. Dickinson, and L. Eriksson, Adv. Colloid 

Interface Sci., 34, 1 (1991) 
[2] A. Fernandez-Barbero, A. Schmitt, M. Cabrerizo-

Vilchez, and R. Martinez-Garcia, Physica A, 230, 
53(1996) 

Entropie phase transitions in rod-like virus 

suspensions 

Zvonimir Doaic. Marie Adams, Seth Fraden 
Martin Fisher School of Physics, Brandeis University, 
Waltham MA, U.S.A. 

The intermolecular potential between hard particles 
is only repulsive, therefore entropy is the sole factor 
in determining the phase behavior of the hard 
particle fluid. We use experimental methods, simple 
theoretical models and computer simulations to 
describe a variety of phase transitions occurring In 
these entropically dominated systems. One micron 
long semi-flexible filamentous viruses are an experi
mental realization of a monodisperse anisotropic 
colloidal fluid. A suspension of these viruses exhibits 
isotropic, nematic, and smectic phases. Using static 
light scattering we obtain smectic density distribution. 
We measure the full phase diagram, and for the first 
time deduce an effective volume fraction of the 
nematic smectic phase transition. Fundamental 
questions about the role of flexibility on the nematic 
smectic transition are raised and answered [1,2]. The 
phase behavior of a virus suspension is dramatically 
altered when spherical particles are introduced at low 
concentration. A variety of novel phases, reminiscent 
of a lyotropic system, are fonned [3], We obser\/e a 
lamellar structure with altemating layers of rods and 
spheres as well as laterally ordered columns of 
spheres. In most lyotropic systems ordering is driven 
by competition between opposing interactions while 
the phases we observe are fonned purely for en-
tropic reasons. To verify this hypothesis simple 
theoretical model based on second virial approxima
tion is proposed and compared to experiments. We 
also model the system using computer simulations 
and compare it to the experiments and theory. 
Experimentally we study each phase using a combi
nation of light and electron microscopy. 
[1] AThachenko Phys. Rev. Lett. 77, 4218 (1996) 
[2] Z. Dogic and S. Fraden, Phys. Rev. Lett. 78, 2417 

(1997) 

[3] T. Koda, M. Numajiri, S. Ikeda J.Phys.Soc.Jpn. 
65, 3551 (1996) 
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INVITED LECTURE 

Light scattering studies of adsorption of 
surfactant and polymers on colloids 

Roberto Piazza. Moses Jojo Eghan, and Vittorio 
Degiorgio 
Istituto Nazionale per la Fisica della Materia, Unita di 
Pavia, Italy 

Traditional adsorption studies are generally time-
consuming, and require a substantial amount of 
adsorbant. We have exploited the peculiar optical 
properties of fluorinated polymer colloids, which have 
a very low refractive index and a partially crystalline 
Internal structure, to show that accurate adsorption 
Isotherm can be easily obtained by combining static 
and depolarized dynamic light scattering information. 
Due to the very weak optical contrast of fluorinated 
polymers, the intensity of the light scattered by 
suspensions of fluorinated colloids strongly depends 
on the presence of surface adsorbates. At the same 
time, the internal optical anisotropy of the particle's 
constitutive material yields a relevant amount of 
depolarized scattering, which allow to measure the 
particle rotational diffusion constant. Since this 
quantity depends on the cube of the particle radius, 
even slight changes of the hydrodynamic radius can 
be easily detected. We have applied this technique 
to measure the adsorption Isotherms of nonionic and 
Ionic surfactants on the particle surface and to study 
the competition between fluorinated and hydrogen
ated surfactant adsorption. We will also present 
preliminary results obtained in collaboration with the 
Lehigh University of Betlehem, PA, on the adsorption 
of long-chain block copolymers on fluorinated colloi
dal particles. 
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KEYNOTE LECTURE 

Forces between surfactant monolayers 
adsorbed at oil-water interfaces 

R. Aveyard, B.P. Sinks, W-G. Cho and Paul Fletcher 
Surfactant Science Group, School of Chemistry, 
University of Hull, U.K. 

An important factor controlling the stability of emul
sions is the interaction between surfactant monolayer 
coated oil-water interfaces as occurs when two 
emulsion drops collide. We have developed a novel 
liquid surface forces apparatus (LSFA) to determine 
the interaction force as a function of separation when 
a nm sized oil drop coated with a surfactant mono
layer Is pressed up to a surfactant monolayer 
adsorbed at an oil-water interface (1,2). The LSFA 
pennits measurement of the force to within a few nN 
and monolayer separation to within a few nm. 
Following a description of the LSFA, we will show 
how the obsen/ed forces and defonnation of the drop 
and interface can be accounted for in tenns of a 
simple quantitative theory. The measurements also 
yield results for the disjoining pressure as a function 
of separation between the monolayers interacting 
across the thin oil-water-oil emulsion film formed 
when the apex of the oil drop is close to the oil-water 
interface. 

Results for a range of ionic and nonionic surfactant 
monolayers showing repulsive interactions will be 
presented. For such films of thickness greater than 
approximately 15 nm, the variation of disjoining 
pressure with monolayer separation Is successfully 
described using DLVO theory. In addition to these 
repulsive systems, we have also examined monolay
ers of sodium decyl sulphate in the presence of high 

Adsorption isotherms at a silica/water interface 

of nonionic surfactants ofthe 

all^ylpolyoxyethylated series either as pure 

compounds or in polydispersed commercial 

detergents. 

ClaudeTreiner \ F.Portet^ and P.L.Desbene^ 
' Laboratoire d'Electrochimie, Université Pierre et Marie 

Curie, Paris, France 
^ Laboratoire d'Analyse des Systèmes Complexes, IUT 

de Rouen, France 
Adsorption isotherms of the oligomers of three 
commercial alkylethoxylated nonionic surfactants at 
a silica/water interface have been determined using 
a HPLC method. The surfactants investigated are of 
the type used in detergency. The compounds, here 
noted A, B and C were mixtures of surfactants. A and 
B were of general fonmulae, respectively, 
C13E7+C15E7 and C13E10+C15E10. Compound C was a 
mixture of oligomers ranging from C12E7 to CieEy in 
various proportions. About ten isotherms are pre
sented for the most important oligomers for each of 
these detergents. Compound C could be more 
thoroughly discussed than compounds A and B 
because adsorption data for the pure surfactant of 
the same surfactant series with even numbers of 
carbon atoms in the alkyl chain were available. Thus, 
the behaviour of representative oligomers of C could 
be compared to that of the same pure surfactants at 
the silica/water interface. It is shown that at low 
surface coverage, polydispersity effects either of 
alkylchains or of ethoxy groups on the global surfac
tant adsorption are negligible and the oligomers 
behave essentially as pure, single, surfactants. At 
higher surface coverage, the simultaneous presence 
of oligomers both with long chain lengths or with 
small numbers of ethoxy groups do not favour the 
formation of large structures, disks or patched 
bilayers, at the silica surface as do single pure 
surfactants. However, It Is demonstrated that the 
opposing effects of oligomers with small and large 
alkylchain lengths cancel out. So It may be con
cluded that polydispersity In the case of commercial 
nonionic surfactants of the type used In the present 
investigation does not affect to any great extent the 
behaviour of such compounds at a silica/water 
interface. 
The consequences of these findings are extendable 
to other nonionic surfactant series. 

concentrations of aqueous electrolyte. Such mono
layers show a short range adhesive (I.e. attractive) 
interaction and exhibit a strong hysteresis in their 
force-distance behaviour as the surfaces are pushed 
together and pulled apart. The observed behaviour of 
these films Is successfully described using a simple 
theory. 

[1] R. Aveyard, B.P. Binks, W-G. Cho, L.R. Fisher, 
P.D.I. Fletcher and F. Klinkhammer, Langmuir, 
1996, 12, 6561. 

[2] W-G. Cho and P.D.I. Fletcher, J. Chem. Soc. 
Faraday Trans., 1997, 93, 1389. 
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Intermediate mesh formation in a non-ionic 

surfactant water system 

Claire Fairhurst, Mike Holmes, and Marc Leaver 
Ordered Materials Research, University of Central 
Lancashire, England 

Intermediate mesh phases occur between lamellar 
and hexagonal phases In the phase diagrams of iong 
chain surfactant water mixtures and in diblock 
copolymers. The mesh phase can replace the 
bicontinuous cubic phases normally associated with 
this position. We have studied the non-ionic surfac
tant hexaethylene glycol n-hexadecylether (CisEOe) 
in deuterium oxide [1,2], which has shown remari<-
able phase behaviour Defected lamellar (La"), mesh 
intermediate (Int.), cubic (Vi) and hexagonal plus gel 
(Hi+Lp) phase regions are observed upon cooling 
samples from the lamellar phase (L„). Upon heating 
from the biphase region the Int. and Vi phases are 
replaced by a single Vi phase region. 
In this paper we present results from ^H nuclear 
magnetic resonance, small angle X-ray scattering 
and optical polarising microscopy Investigations, 
which show that the mesh intermediate phase forms 
as the strong, repulsive, head group overiap interac
tion drives the random water filled defects within the 
bilayers of the La" phase to become correlated, 
resulting in a regular mesh structure that can be 
assigned to space group R3m. 
[1] Funari, S.S., Holmes, M.C, and TIddy, G.J.T., J 

Phys Chem 98:3015-3023, 1994. 
[2] Fairhurst, C.E., Leaver, M.S., and Holmes, M.C, 

submitted. 

Adsorption of sodium dilsooctyl 

sulfosuccinate on calcium oxalate hydrates 

L. Tunik, Helga Fuiredi-Milhofer and N. Garti 
Casali Institute of Applied Chemistry, The Hebrew 
University of Jerusalem, Israel 

Surfactant systems may control crystallization 
processes, i.e. retard or enhance nucleation, crystal 
growth and/or aggregation and even induce crystalli
zation of one specific polymorph from solutions 
supersaturated to two or more of them. As part of a 
project of studies of the influence of surfactants on 
the crystallization of calcium oxalate from electrolyte 
solutions we reported morphological and phase 
changes induced by different concentrations of AOT. 
In order to explain the observed phenomena, in the 
present work the adsorption of AOT from electrolyte 
solution onto separately preprepared crystals of 
calcium oxalate monohydrate, COM, and calcium 
oxalate dihydrate, COD, was studied. Adsorption 
isotherms were constructed and the Zeta-potential of 
the crystals was measured as a function of AOT 
concentration. The average surface area of the 
crystals (0.6 m^/gr for COM and 7m^/gr for COD) was 
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determined by the BET (N2) method. 
The adsorption isotherm of AOT on COM exhibits 
two steps (S-shape). From the amount adsorbed on 
the first plateau of the isotherm the size of the 
adsorption site was calculated and compared with 
literature data on the size of the AOT head group. It 
was concluded that at this stage the interface is 
covered by a surfactant bilayer The second step is 
related to the critical micellar surfactant concentra
tion and indicates the fonnation of surface 
aggregates and/or the adsorption of micelles. 
The Isotherm characterizing the adsorption of AOT 
onto COD is similar to a Langmuir isotherm and 
indicates that significant adsorption starts only at and 
above the critical micellar concentration of the 
surfactant. Two different mechanisms of the adsorp
tion are proposed for the different crystal fonns of 
calcium oxalate. The results are correlated with the 
ionic structure of different crystal faces. It Is con
cluded that the previously observed morphological 
effects and phase changes are caused by preferen
tial adsorption of AOT on COM crystal faces. 

Transitional behaviour and phase transitions in 

soluble adsorption layers 

Klaus Lunkenheimer'. M. Zembala^, H. Motschmann ' 
' Max-Planck-lnstitut fur Kolloid- und 

Grenzflachenforschung, Gennany 
^ institute of Catalysis and Surface Chemistry, Cracow, 

Poland 

The question whether (first order) phase transitions 
can Indeed occur In soluble adsorption layers at 
fluid interfaces cannot be answered yet. In the past 
there have been a few reports favouring such a 
transition. Thorough investigations, however, did 
not confirm these results which obviously were 
caused by neglecting the falsifying influence of 
surface-active trace impurities. 
Recently we hypothesised that, in contrast to 
insoluble monolayers, phase transitions usually do 
not occur within soluble adsorption layers. However, 
amphiphiles' adsorption is characterised by a 
continuous transition region connecting (at least) 
two discrimlnable standard surface states attribut
able to the amphiphile's different surface 
configurations [1]. 

Our recent investigations on evaporation hindrance 
using a modified osmometer technique revealed 
that adsorption layers are usually rather mobile. 
Thus, they do not measurably retard water evapo
ration. However, a surprisingly strong evaporation 
retardation was found in a few exceptional cases for 
amphiphilic systems like sodlum-n-alkanoates 
obeying "regular surface behaviour" [2]. These 
systems are characterised by a strong interaction 
within the adsorption layer, being however low 
enough to escape the state of "phase separation" 
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[3], i. e. their adsorption does not reveal a first order 
phase transition. 
These findings caused to suggest that Increasing 
interactions may induce a kmd of "solidification" of 
the soluble adsorption layer, which Is reasonable for 
the evaporation hindrance results. Thus, the ques
tion arose anew whether one might encounter an 
amphiphile, which is still soluble, which neverthe
less could reveal surface interactions so strong that 
the conditions for phase separation following from 
the theory of "regular surface behaviour" can be 
met. 
For the first time we have found such an amphiphilic 
system for which in fact a first order phase transition 
within a soluble adsorption layer is realised. Inter
estingly, by applying Second Harmonic Generation 
(SHG) investigations the amphiphile's adsorption 
layer Is found to possess a constant orientation at 
concentrations above the concentration of the 
phase transition. 
Consequences of these findings for the theory of 
adsorption and the application of surfactants are 
discussed. 

[1] Lunkenheimer, K., Hirte, R., J. Phys. Chem. 
96(1992) 8683. 

[2] Lunkenheimer, K., Zembala, M., J. Colloid Inter
face Sci. 188 (1997). 

[3] Lucassen Reynders, E.-H., Progr Surface and 
Membrane Sci. 10 (1976) 253. 

Colloid stability of nonionic surfactant/latex 

complexes at high ionic strength 

Manuel Romero-Cano \ A. Martin-Rodriguez^ G. 
Chauveteau^, L. Nabzar^ and F.J. de las Nieves' 
' Complex Fluids Physics Group, University of Almeria, 

Spain 
^ Biocolloid and Fluid Physics Group, University of 

Granada, Spain. 
^Division Gisement. Institut Frangais du Pétrole 1&4, 

Rueil Malmaison, France 
The main advantage of stabilizing colloids by 
adsorption or grafting of non-Ionic species, such as 
polymers or surfactants, is that this type of stabili
zation, often referred as steric stabilization leads to 
aqueous dispersions which are insensitive to the 
presence of electrolytes because the dimensions of 
non-ionic chains does not vary significantly with 
electrolyte concentration. The stability of these 
dispersions is only limited either by desorption of 
stabHizing moieties or by thermodynamic factors 
that control the solvency of the stabilizing moieties 
in the dispersion medium. In this work we investi
gated the effects of surfactant adsorption and use 
temperature as thermodynamic variable regarding 
upper critical flocculation temperature (UCFT). 
An experimental study relative to the effect of the 
temperature on colloid steric stability of polystyrene 
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particles covered with non Ionic surfactants (Eth-
oxylated fatty alcohols) is described. A sulfate latex 
with relative low surface charge, was used as solid 
substrate for the adsorption of two surfactants, 
having different hydrophilic tall lengths. The com
plexes were prepared taking a constant total 
surface of polystyrene and different amounts of 
surfactant In an unbuffered medium. We studied 
firstly the effect of centrifugation and redlspersion in 
ultrapure water on the stability of the complexes. 
The experimental results showed that after several 
centrifugation the stability of the complexes de
creased mainly due to the surfactant desorption. 
The second objective of this work was to find the 
thermodynamic condition for flocculation of non-
centrifuged complexes prepared with different 
amounts of surfactant in a medium. The UCFT was 
found to increase with free surfactant concentration. 
If we consider (as the adsorption isotherm reveals) 
that the complexes studied have their surface 
saturated of surfactant, the only difference between 
them is the free surfactant concentration. There is 
no clear explanation for these results because In all 
cases the surfactant concentration In solution is in 
excess. Maybe the Increase In the temperature of 
the dispersion could produce a higher adsorption of 
free surfactant which maintains the colloid stability 
when the temperature increases. 
The financial support provided by CICYT (under 
project MAT 96-1035-C03-03) Is greatly appreci
ated. 

A comparative study on the relation between 

film topology and molecular ordering for 

rodlike monomers with amphiphilic and purely 

hydrophobic character at solid/vapour 

interfaces 

C. MerkI, T. Pfohl, and Hans Riegler 
Max-Planck-lnstitut für Kolloid- und 
Grenzflachenforschung, Berlin, Genmany 

Ultrathin films of fatty acids and alkanes at 
solid/vapour Interfaces show similar equilibrium (film) 
topologies despite their different character (amphi
philic vs purely hydrophobic). Below the bulk melting 
temperature in both cases solid Si02 substrate 
surfaces are covered with a monolayer with the 
molecules oriented upright (homoeotropic). In the 
case of little material surplus this monolayer Is 
covered with mesalike islands of fairly unlfomn height 
(typically 50-1 OOnm). With sufficient material surplus 
a closed film of more than 100nm thickness Is 
detected. Above the melting point, for fatty acids the 
material surplus aggregates in small droplets of 
molten material on top of a closed monolayer at the 
substrate/vapour interface. This topology also occurs 
for alkanes of chain lengths between 14 and 50 C-
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atoms in a narrow temperature range just above the 
main melting point, whereas for other alkanes and 
higher temperatures neady complete wetting is 
observed. It Is discussed how local polar adhesion 
Interactions, steric interactions, and long range 
forces affect the molecular ordering and thus the 
observed film topology and film formation kinetics. 
[1] H. Riegler et al. (1995) In Short and long chains at 

interfaces, eds.: J. Daillant, e ta l . Edition Frotieres, 
GIf-Sur-Yvette, France, 307. 

[2] A. Asmussen and H. Riegler (1996), J. Chem., 
Phys., 104 (20) 8151. 

[3] C. MerkI, T. Pfohl, and H. Riegler, Phys. Rev. 
Lett., submitted. 

INVITED LECTURE 

Light scattering from surfactants at interfaces 

J.C. Earnshaw 
The Department of Pure and Applied Physics, The 
Queen's University of Belfast, Northern Ireland 

The scattering of light by thermally excited capillary 
waves has become an accepted technique to probe 
the dynamic behaviour of liquid surfaces [1]. Follow
ing successful application to pure fluids and spread 
monolayers, attention has turned in recent years to 
investigations of surfactant solutions. Such studies 
have revealed various novel phenomena, some quite 
unexpected. These include demonstration of transi
tional effects in adsorbed films, associated with the 
changes In the dynamics of molecular reorientation 
[2], and the subsequent observation of viscoelastic 
relaxation of the dilatatlonal modulus of such films 
[3]. We have also observed anomalous behaviour of 
the capillary waves which suggests that the dilata
tlonal waves, to which they are coupled, are affected 
by some process or processes which feed energy 
Into them [4]. It appears that the latter effect may be 
influenced by the presence of a barrier to adsorption; 
the data suggest that this is electrostatic in nature 
[4,5,6]. These observations will be discussed in the 
light of recent theories of surface Instabilities. 
[1] Langevin, 1992, Light Scattering by Liquid Sur

faces and Complementary Techniques (Dekker: 
NewYork, 1992). 

[2] J.C. Earnshaw, C.P. Nugent, K. Lunkenheimery/ 
and R. Hirte, J. Phys. Chem. 100, 5004 (1996). ' 

[3] D. Sharpe, and J.C. Earnshaw, submitted. 
[4] J.C. Earnshaw and E. McCoo, Phys. Rev. Lett. 

72, 84, (1994); Langmuir 11, 1087, (1995). 
[5] J.C. Earnshaw and D.J. Sharpe, J. Chem, Soc. 

Faraday Trans. 92, 611 ( 1996). v 
[6] J.CEarnshaw, C.P. Nugent, and K. Lunken

heimer, in the press. 
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KEYNOTE LECTURE 

Layer formation and exctiange liinetics of 
adsorbed polymer chains 

Amitabha Chakrabarti, 
Kansas State University, USA 

We will present results from an extensivè lattice 
Monte Carlo study of the adsorption and desorption 
of homopolymer chains from semi-dilute solution 
onto a solid/liquid interface. We have studied In detail 
the growth, equilibrium structure, and rinsing of 
layers of homopolymers adsorbed from solution. For 
solution concentrations at or near the overiap 
threshold we directly verify the self-similar structure 
of the adsorbed layer. By following the flight of the 
individual chains, we obtain a detailed description of 
their structure and dynamics, including evidence that 
the adsorbed chains form two broad categories: a 
tightly bound category with a long characteristic time 
of exchange with the solution, and a loosely bound 
category with a very short characteristic time of 
exchange. We study the differing confonnations of 
these two subpopulations, as well as the kinetics of 
chain exchange between the adsorbed phases and 
the bulk solution. We will also present results for 
adsorption and desorption of polymer chains from 
semidilute solution where either the chains or the 
adsorbing surface contain chemical impurities. We 
will compare these results with (i) our results for 
chemically pure systems with regard to the growth, 
equilibrium structure, and dynamics of the adsorbed 
layers, and (11) with previous theoretical predictions 
for cases of random copolymer adsorption, and 
adsorption onto heterogeneous surfaces. 

Grafted adsorbing chains: from pancake to 

brush; surface pressure and thickness. 

Edwin Currie, Frans Leermakers, Martien Cohen Stuart 
Wageningen Agricultural University, Department of 
Physical and Colloid Chemistry, The Netheriands 

We have examined the properties of polymer layers 
end-grafted to a surface which attracts the polymer 
segments. This system has the property that at low 
(surface) density the chains are confined to the 
interfacial plane ('pancakes') whereas with Increasing 
density they are forced from the surface into the 
solution. This ultimately leads to a polymer brush 
structure. We have investigated the transition and the 
resulting brush experimentally using PS-PEG diblock 
copolymers with short PS blocks spread on the 
water/air interface. The thicknesses could be obtained 
by neutron reflectometry. In parallel, we used a self-
consistent field model to calculate the average con
formations and excess free energy for systems of end-
grafted adsort:ing chains. From the results we con
clude that the transition from a pancake to a brush is 

continuous, even In the limit of very strong adsorption. 
In the limit of very high adsorption energy the system 
shows critical behaviour analogous to that of a feno-
magnet in the limit of zero temperature. Both the 
brush thickness and the surface pressure are pre
dicted quite well by the model. It tums out that the 
pressure is adequately given by the sum of the 'pan
cake' and the 'bmsh' pressures. Scaling relations 
predicted by De Gennes for bmshes are confimned 
both experimentally and theoretically, provided the 
chains are at least several hundreds of monomers long. 

Spherical and rod-like colloids with polymer-

brush surfaces 

Wolfqana SchartI, G.Lindenblatt, A.Strack, M.Maskos, 
M.Schmidt 
Institut für Physikalische Chemie, Universitat Mainz, 
Gennany 

Colloidal additives play a very important role for en
hancing the performance of polymeric materials. Some 
typical examples are fibres used for molecular rein
forcement or carbon black In tire rubber One major 
difficulty in finding colloidal particles suitable as polymer 
additives is their compatibility with the polymer matrix. A 
strategy to solve this problem Is to modify the architec
ture of the additives, i.e. synthesise colloidal particles 
with polymeric chains tethered onto their surfaces. 
Having a shell both chemically and structurally similar 
to linear polymer chains, it should be easy to produce 
polymeric matrices with high contents of colloidal 
additives. Also pure colloidal mixtures of Isotropic and 
anisotropic species of varying composition are of major 
interest: they are expected to show an interesting 
phase behaviour with new stmctural and dynamical 
properties. However, particles with smooth surfaces are 
usually immiscible for topological reasons. It Is one of 
our major goals to overcome this incompatibility of 
isotropic and anisotropic particles by modification of the 
particle surfaces while keeping their geometrical 
stmcture. Therefore, we prepared two new types of 
model colloids, isotropic hairy spheres (spherical 
bmshes) and comparatively uniform anisotropic hairy 
rods (cylindrical bmshes): 

The spherical bmshes have been synthesised from 
organosilicone microgels of diameter about 20 nm [1] 
by grafting onto of anionically prepared polystyrene 
chains of molecular weight « 3000, On average, we 
were able to graft 250 polystyrene chains onto one 
single sphere as detennined by GPC from decrease in 
UV-absorption of the uncoupled polymer chains as well 
as from the refractive index of the spherical bmshes. 
These hairy colloidal spheres are compared with their 
precursor microgels which have comparatively smooth 
surfaces: especially the solubility in solvents and 
miscibility of both species with polystyrene chains of 
various molecular weights are detennined. Inhomoge
neities of the polymeric films are detected by SAXS, 
atomic force microscopy and electron microscopy. 
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As anisotropic colloidal particles with suitably modi
fied surfaces we chose polymacromonomers. Only 
recently synthesis [2] and characteristics [3] of these 
rodlike bottlebrushes have been published. Because 
these particles are synthesised by radical polymeri
sation of so-called polystyrene macromonomers, the 
length-distribution of the semiflexible rods is quite 
polydisperse. We therefore applied the continuous 
polymer fractionation technique to obtain rods with 
narrow size distribution as suitable model polymer 
colloids. These rods are miscible with linear polysty
rene of molecular weight similar ( and smaller) to the 
macromonomers, i.e. the tethered chains of the rods, 
up to high volume fractions. 

From the isotropic and anisotropic colloid brushes 
presented above we prepared mixtures of varying 
composition. As in the case of mixtures of the 
colloids with polymer chains, compatibility is investi
gated by SAXS, AFM and TEM. 
[1] F.Baumann, M.Schmidt, B.Deubzer, J.Dauth, 

M.Geck, Macromolecuies 1994, 27, 6102 
[2] Y.Tsukahara, K.Tsutsumi, S.Yamashita, 

S.Shimada, Macromolecuies 1990, 23, 5201 
[3] M.Wintermantel, M.Schmidt, Y.Tsukahara, 

K.Kajiwara, S.Kohjiya, 

Polymer bridging forces: an AFM study 

Marcel Giesbers, Mieke Kleiin, Martien Cohen Stuart 
and Gerard Fleer 
Wageningen Agricultural University, Department of 
Physical and Colloid Chemistry, The Netheriands 

Using atomic force microscopy (AFM) we study the 
interaction between colloidal particles and flat sur
faces under various experimental conditions In order 
to detennine the influence of polymers and functional 
(surface) groups on adhesion. When a colloidal 
particle is attached to an AFM tip, the force between 
this 'colloidal probe' and a macroscopic surface can 
be measured as a function of separation distance 
(see, e.g., Ref [1]). In this presentation our recent 
work on the interaction between two polymer-covered 
surfaces in electrolyte solutions will be discussed. The 
polymer used is polyethylene oxide (PEO). Experi
mental variables are the PEO chain length, the pH of 
the solution, the force with which the surfaces are 
pressed together (the 'load force'), and the time scales 
of approach and retraction. In each experiment PEO 
was pre-adsorbed to a silica plate and a silica sphere 
(diameter ca. 5 mm). Subsequently, force measure
ments were perfonned in aqueous solutions without 
dissolved polymer. 

At pH 8 the force curve is repulsive on approach and 
retraction. At pH 4 the approach curve is initially 
repulsive, but when the surfaces are brought close 
together, there is an attractive component. On retrac
tion a strong adhesive force is observed. A possible 
explanation is that at pH 8 repulsion between the 
negatively charged silica surfaces dominates over 
bridging effects. At pH 4 the surfaces are more weakly 

charged and polymer bridging and entanglement lead 
to a strong adhesion. Measurements at pH 4 using 
PEO of different chain lengths show a positive corre
lation between chain length and pull-off distance. At 
an intennediate pH of 6.5 the adhesion observed on 
retraction depends strongly on the load force. By 
varying the frequency of approach and retraction the 
effect of the time of contact between the polymer-
covered surfaces has been evaluated. From the 
shape of the force curve on retraction in principle 
infonnation concerning the binding strength of polymer 
segments on the silica surface can be obtained. It Is 
our intention to analyse the pull-off using a theoretical 
model for polymer adsorption, 
[1] W,A. Ducker and T,J, Senden, Langmuir, 8 (1992) 

1831-1836, 

Thin-film forces in foam films containing 

polyelectrolyte and surfactant. 

Alexandre Espert, R.V. Klitzing, A. Colin, D. Langevin, 
Centre de Recherche Paul Pascal, Bordeaux, France 

Industrially, it has long been realized that the addition 
of polymers to a surfactant solution can significantly 
affect the stability of foams and emulsions. Typically 
when soluble polymers are added to the continuous 
phase, they increase the bulk viscosity which in turn 
can dramatically slow down the drainage of thin 
liquid films and enhance the stability of the emulsion. 
Moreover, the addition of polymer to the continuous 
phase modifies the surface properties of the solution 
as well as the interaction forces between the film 
surfaces. These "surface forces" can be attractive or 
repulsive and depend on the nature and quantity of 
polymer adsortjed at the Interface. Thus polymers 
are used as both flocculants and stabilizers. 
Although there has been a lot of theoretical and expe
rimental work on forces between mica surfaces there 
are only a few fundamental work reported on forces in 
thin-liquid films containing polyelectrolyte and surfac
tants. Therefore, the objective of this wori< is to Investi
gate the surface forces in thin liquid foam films made 
from solutions containing polyelectrolyte and surfactant. 
To measure the surfaces forces we utilize a modified 
version of the porous plate technique, first developed 
by Mysels. The anionic polymer used in this study Is a 
random block copolymer (acrylamide-acrylamide-
sulfonate AMAMPS) and a random polymer (polystyre-
nesulfonate PSS) with different molecular weight and 
different degree of charge. These polymers are studied 
in solution with a cationic surfactant (dodecyltrimetyl 
amonlum bromide). Some experiments have also been 
done with an ethoxylated non-ionic surfactant. For the 
range of concentration studied, the polymer chains 
fonn a transient nehvori^ (semi-dilute regime) and do 
not complex with the surfactant in the bulk. 
Oscillatory forces are measured and seem to be 
associated to the polymer stmcture. A film stratification 
is observed (one jump for the lower concentration and 

Oral Communications 

33 



ECIS97 Oral Communications Polymers at Inteifaces 

two jumps for the higher polyelectrolyte concentration) 
with a thielcness conresponding to the mesh size ^, 
average distance between overlap points of polymer 
chains. These forces are particular to polyelectrolytes 
and disappear when salt is added (the electrostatic 
forces between polymer chains are screened). 

How much can you learn about adsorbed 
layers with optical techniques ? 

Elizabeth K. Mann 
ETH Zurich, Switzerland 

The optical response of a dielectric interfacial film 
can be completely described, to second order in the 
film thickness, by three parameters called optical 
invariants [1,2], These allow the extraction of a 
maximum of information about the film while avoiding 
arbitrary models of that film. The infonnation which 
can be obtained from experimental data on an 
isotropic film is, in order of decreasing precision: (i) 
the suiface concentration of the adsorbed material, 
(ii) the average thickness of the layer through the first 
moment of the mass distribution in the layer, and (iii) 
a more complicated moment which gives an indica
tion of the unifonnity of the layer 
This method of analysis is applied to scanning angle 
reflectometry data on two kinds of films at a wa
ter/silica interface: (1) Protein films, and in particular 
antibody/antigen complexes fonning at the interface. 
This provides a model of a film that is essentially 
homogenous In the direction parallel to the surface, 
but which may have concentration gradients perpen
dicular to the surface, as is indeed revealed, (ii) 
Films of polystyrene latex particles. Here the infor
mation gained is the size and number of particles 
adsorbed at the interface, with indications of the 
uniformity of the particle distribution. 
The possibility of distinguishing between particulate 
and liomogeneous films is also discussed, as are the 
reliability limits for parameters deduced from apply
ing homogeneous film models to films in which the 
polymer or surfactant adsorbs inhomogenously, in 
islands or surface micelles. 
[1] Haannans, M. T., Bedeaux D. Thin Solid Films 

258 (1995)213. 
[2] Lekner, J. Theory of Reflection (Martinus Nijhoff 

Publishers, Dordrechf 1987). 

Kinetics of particle adhesion in stagnation 
point flow studied by optical reflectometry 

Marcel Böhmer', Erik A. van der Zeeuw^, Ger J.M. Koper^ 
' Philips Research Laboratories Eindhoven, The 

Netherlands 
^ Leiden Institute of Chemistry, The Netherlands 
The kinetics of adsorption of nano-sized silica 
particles on a polymer pretreated surface were 
followed in situ by using optical reflectometry in a 
stagnation point flow set-up. Conversion of the 
reflectometric signal to the surface coverage could 

be performed using a homogeneous slab model as 
was verified by determining the particle density on 
SEM pictures taken in the stagnation point. The 
effects of salt concentration on the plateau amounts 
for all particle sizes can be described with an effec
tive hard sphere concept. Although initial slopes and 
plateau values are in reasonable agreement with a 
random sequential adsorption model in a stagnation 
point flow system, this model does not accurately 
describe the evolution of the surface coverage as a 
function of time. 

Competition between these negatively charged Si02 
particles and an anionic polymer present in the 
suspension reduces the amount of particles ad
sorbed onto the surface. This effect is most 
pronounced if a highly charged cationic polymer is 
used to pretreat the surface. Adsorbed nano-sized 
silica particles do not become embedded in the 
adsorbed polymer layer but rather stay on the 
outside of this layer on the time scale of the experi
ment. Therefore, repeated sequential addition of 
polymer and particles can lead to controllable high 
amounts of particles on the surface. 

INVITED LECTURE 

Properties of bridging polymer chains 

Theo G.M. van de Ven 
Pulp and Paper Research Centre, McGill University, 
Montreal, Canada 

Polymer bridging is one of the mechanisms by which 
polymer chains can flocculate colloidal particles. The 
usual requirement is that the polymer partly coats the 
particles so that there Is room left on the surface of the 
particles for bridging to occur We have shown that 
polymer bridging can occur even with particles onto 
which the polymer does not adsorb, provided other 
particles are present onto which polymer adsorption 
takes place. This results in heteroflocculatlon by 
asymmetric polymer bridging. Also, non-adsorbing 
polymers can be turned into adsortDing molecules 
which are able to bridge colloidal particles, a process 
we call association-induced polymer bridging. 
After the bridge is fonned, polymers continue to 
rearrange their configuration, similar to regularly 
adsorbed polymers. Usually this leads to an Increase 
in the bond strength with time. Polymer bridges can 
also be used to study the properties of the bridging 
chains by observing the motion of particles that are 
bridged by the chain. 

Various experimental examples of these phenomena 
will be presented and discussed. 
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P1 
Determination of particle s ize with dynamic 

light scattering in a 3D c r o s s correlation 

experiment 

Lise Aberle, S. Wiegand, W. Schroer 
Institut für Anorganische und Physikalische Chemie, 
Universitat Bremen, Genmany 

Over the past 25 years, dynamic light scattering 
(DLS) has proved to be a powerful technique for 
investigating the dynamics of a wide range of sys
tems, including critical liquids, colloidal suspensions 
and polymer solutions. Only If the sample Is relatively 
transparent, so that single scattering dominates, It is 
possible to relate the quantity measured by DLS to 
simple properties of the scattering medium. The light 
scattered by optically turbid media contains contribu
tions from both singie and multiple scattering. The 
relationships between the properties of doubly, triply 
etc. scattered light and those of the medium are 
complicated. Thus the application of DLS, in its usual 
form, is restricted to transparent media, excluding 
many important systems such as liquids near critical 
points and concentrated suspensions. 
By means of the cross correlation techniques multi
ple scattering can be effectively suppressed. The 
basic idea is to use two illuminating laser beams and 
two detectors whose outputs are cross correlated. 
The experiment is arranged so that the associated 
scattering vectors of the two beam-detector geome
tries are Identical. The time-dependent part of the 
measured intensity cross correlation function reflects 
only the interpretable single scattering, and multiple 
scattering contributes merely to the time-independent 
'baseline'. 

We investigated standard latex solutions from very 
dilute to highly concentrated samples for different 
particles sizes. The angle dependent measurements 
show that the contributions of the multiply scattered 
light can be effectively suppressed which leads to a 
correct determination of the particle size. Further
more the evaluation of the amplitude of the cross 
correlation function provides information about the 
static intensity of the singly scattered light even for 
highly concentrated samples. 

P2 
stability of colloidal s u s p e n s i o n s : a DLVO-

treatment accounting for surface heterogeneity 

H. Behrens'. M. Schudel', M. Semmler', M. Borkovec', 
P. Schurtenberger^, H. Sticher' 
' Institute of Terrestrial Ecology, ETH Zurich, Switzeriand 
^ Institut für Polymere, ETH, Zürich, Switzeriand 
Colloidal aggregation Is commonly described in the 
framework of the classical theory by Derjaguin, 
Landau, Verwey and Overbeek (DLVO). This theory 

falls, however, in predicting quantitatively the aggre
gation rate constants In the slow regime, over
estimating both their dependence on the electrolyte 
concentration of the solution and on the particle 
radius by many orders of magnitude. Various ap
proaches have been proposed to overcome these 
well-known discrepancies between theory and 
experiment, for example by Including the concept of 
surface roughness or of heterogeneity in the surface 
properties. Not much theoretical work has been 
published, though, about pH-dependent aggregation, 
only few experimental results being reported in the 
literature. 

In our work, we used photon correlation spectros
copy to Investigate on suspensions of well 
characterised, monodisperse latex spheres and of 
hematite particles of different morphology. Stability 
was measured as a function of pH for different Ionic 
strengths and particles of different size. The charging 
behaviour was observed using acld-base-tltratlon, 
while electrophoretic measurements were applied to 
determine the zeta potential of the particles. Gas 
adsorption was used characterise their surface area, 
the size distribution was assessed by transmission 
electron microscopy. For a theoretical discussion of 
our experimental findings, a DLVO-type calculation 
based on the solution of the full non-linear Polsson-
Boltzmann equation was combined with charge 
regulation models and a strategy to include the 
effects of surface heterogeneity. 

P3 
Helfrich free energy for microemulslon droplet 

aggregation 

Edgar Blokhuis' and Wiebke Sager^ 
' Leiden Institute of Chemistry, The Netheriands 
^ Faculty of Chemical Technology, Inorganic Materials 

Science, University of Twente, The Netheriands 
In this work we present a theoretical calculation of 
the free energy for the fonnation of microemulslon 
droplet aggregates based on the expression for the 
surface free energy by Helfrich (W. Helfrich, Z. 
Naturforsch. C 28, 693 (1973)). Exact formulas are 
presented for the shape and free energy of a micro-
emulsion dimer when the rigidity constant for 
bending, k, is small; i.e. when (k/cr)"^, with a the 
surface tension, is small compared to the typical 
dimension of the droplet, say V " with V the volume 
of the droplet. The range of validity of these fonmulas 
is tested by a comparison with numerical solutions, 
which are essentially the same as those first pro
vided in recent work by Seifert In the context of the 
membrane adhesion, of the Helfrich free energy 
equation. The use of the exact fonnulas allows for an 
interpretation of the onset of droplet aggregation in 
terms of the usual coefficients in the Helfrich free 
energy expression, such as the rigidity constant, 
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surface tension and spontaneous curvature. The 
onset of aggregation, the formation of dimers, as well 
as the formation of longer aggregates has been 
recently studied in AOT water-in-oil microemulsions 
using small angle x-ray scattering (SAXS) and small 
angle neutron (SANS) scattering techniques. 

P4 
structure of solubilized water in micro-

emulslon-based fire-resistant hydraulic fluids 

S. Ezrahl, A. Aserin, I. Tiunova and N. Garti 
Casali Institute of Applied Chemistry, The Hebrew 
University of Jerusalem, Israel 
As part of a research project aimed at developing a 
fire-resistant hydraulic fluid based on microemulslon, 
a model system composed of water, dodecane, 
pentanol and the nonionic surfactant octaethylene 
glycol mono n-dodecyl ether [Ci2(EO)8] was investi
gated. Sub-zero temperature differential scanning 
calorimetry (DSC) was used to determine the relative 
concentrations of bound and free water within the 
model system. Free water can be detected by the 
DSC In the microemulslon region of the phase 
diagram, only after a ratio of three molecules of 
"interphasal" water per ethylene oxide group has 
been attained. It is estimated that the thickness of 
the bound water layer is ca. 5 nm, i.e. two monolay
ers of interphasal water are closely associated with 
the surfactant headgroup. 

Similar measurements were perfonned in the 
mesophase region of the phase diagram. Thus, it is 
further demonstrated that although pentanol en
hances water solubilization and is present at the 
Interface, its interaction with water or surfactant is not 
revealed by DSC. 

A better understanding of the model system obtained 
by the DSC investigation has enabled us to develop 
an experimental hydraulic fluid fonnulation, which 
has successfully passed one of the most severe fire 
tests. 

P5 
C o a l e s c e n c e dynamics of ordered breath 

figures 

Hartmut Gau, Wolfgang Mönch, Stephan Henninghaus 
Max-Planck-lnstitut für Kolloid- und Grenzflachenforschung, 
Beriin/Adlershof, Gennany 

Breath figures are the disordered droplet patterns 
fonned when one breathes onto a cold surface. We 
have Investigated the coalescence behaviour of 
hexagonally ordered breath figures. They were 
prepared by evaporating CaCb on a hydrophobic 
surface which was covered with a hexagonal mask. 
The droplets nucleate onto this hexagonal lattice 

upon cooling the substrate by means of a Peltier 
eiement. The patterns were investigated by light 
microscopy as a function of time, coverage and the 
order of the lattice. The results were compared with 
studies on statistical arrangements [1,2]. Regarding 
the total coverage of the substrate, we observe a 
characteristic time dependence which differs signifi
cantly from that observed in statistical nucleation and 
growth. We show that the observed coalescence 
dynamics depends strongly upon the order of the 
pattern: In perfectly ordered breath figures, coales
cence of 4 droplets at a time (4'" order coalescence) 
is predominant. Only a slight disorder is sufficient to 
change the behaviour completely, such that 3"* order 
coalescence becomes the most Important process. 
[1] Briscoe, BJ and Galvin, KP Growth and coales

cence during condensation, Phys, Rev, A 43, 4 
(1987), p 1906-19 

[2] Beysens, D and Knobler CM Growth of breath 
figures, Phys, Rev. Lett., 57, 12 (1990), p 1433-36 

P6 
Evolution of colloidal fractal aggregates: 

diffusion-limited mathematical model 

Alexey O. Ivanov and Svetlana V. Bulycheva 
Urals State University, 620083 Ekaterinburg, Russia 
Colioidal particles coagulation process leads to the 
fonnation and subsequent grovirth of colloidal aggre
gates which spatial structure can be considered as 
inhomogeneous. A mathematical model of single 
aggregate evolution may be fonnulated on the basis 
of intopenetrating media conception. According to 
this approach the aggregate can be defined with the 
help of the aggregated particles concentration (p(r,t) 
coexisting with the non-aggregated particles of 
concentration p(r,t). 

-^ = apcp 1 — ^ 

dip 

"aT' 

- (p), with a, è » constant, 

VP(M- ) 

The diffusion motion of "bonded" cp - particles may be 
neglected in comparison with motion of "free" p -
particles. The diffusion flux of the latter is hindered 
by the presence of cp - media and falls to zero In the 
regions of closely packed aggregated particles with 
concentration cpn,. The intertransfonmation of cp and p 
intopenetrating media is convenient to consider with 
the help of non-linear mass exchange tenns under 
the condition when both the processes of particles 
gaining to the aggregate and loosing from the 
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aggregate are taken into account. 
The volume occupied by the aggregate Is bounded 
by a surface E, the increasing of this volume (the 
aggregate growth) is described by the moving 
boundary condition for the normal surface rate dZldt. 
In the case of a slow aggregate growth, the two kinds 
of decision have been found: 
. the first one is characterised by a constancy of the 

aggregated tp - particles inside an aggregate (tp = 
cpm) and by a classical diffusion-limited growth rate. 
Such aggregates arise during a phase separation 
process In colloidal systems and are similar to 
liquid drops in a supersaturated gas. 

. the second kind of the decision reminds a fractal 
cluster and contains a central dense "core" and a 
surrounding zone of decreasing tp - particles con
centration, in which the aggregate becomes more 
and more friable. In this area the concentration of 
aggregated particles varies similarly to power func
tion cp(r) ~ r , where the fractal cluster dimension p 
represents the slow time dependent function. 

P7 
Hydrophobic hydration and CMC 

N.N. Kochurova, 
St Petersburg University, St. Petersburg, Russia 
The electroconductlvlty of the surfactants aqueous 
solutions have been measured In a broad diapason 
of temperatures and concentrations. Then the 
parameters of hydration for some organic ions have 
been calculated. These results for organic ions have 
been compared with results for nonorganic ions. It Is 
shown is influence of the value of CMC. 

P8 
Dispers ions of anisotropic charged colloids: 
phase diagram and structure 

E. Lécolier A. Mourchid, A. Delville and P. Levitz 
Centre de Recherche sur la Matière Divisée, Oriéans 
France 

Over the last decades much work has been done on 
the description o f the phase transition (e.g. sol/gel) In 
colloidal spheres dispersions. Buf in contrast to 
spherical colloids, the origin of such transitions in 
anisotropic colloidal particle dispersions is still under 
debate. In order to better understand these systems, 
we have studied aqueous dispersions of Laponlte 
RD particles. Laponlte Is a synthetic hectorlte clay 
manufactured by Laporte Industry. The laponlte 
particles are colloidal plate-like charged discs (300A 
X 10A). Thus, Laponlte clay provides a good model 
system for an anisotropic disc-like particles study. 
This system undergoes a transition from liquid state 
to viscoelastic solid state. Particle concentration and 
ionic strength are the two relevant parameters 

controlling the transition. We present a complete 
phase diagram of aqueous dispersion of laponite 
particles with a study of the rheological properties 
and the microstructure of the viscoelastic solid 
phase. The origin of the phase transition in these 
clay colloid dispersions, the role of particle anisot
ropy coupled with diffuse layer repulsion will be 
discussed. 

P9 
Determination of the rotational and 
translational diffusion coefficient of rodlike 
colloids by depolarized dynamic light 
scattering 

Dieter Lehner and Otto Glatter 
Institute of Physical Chemistry, University of Graz, Austria 
Colloids in solution often form non-spherical struc
tures like rodlike particles. Generally SAXS and 
SANS measurements are used for the characterisa
tion of particle dimensions. The cross-section 
dimension and internal structure can be found from 
these methods, the overall dimension (length), 
however. Is often too large to be determined by SAS. 
In this case dynamic light scattering can be used to 
gain information about the average rod length. 
Dynamic light scattering Is a well-established method 
for the determination of translation diffusion coeffi
cients (hydrodynamic particle radii) in solution. For 
elongated particles (like rods) it is In principle possi
ble to gain infonmatlon about translational and 
rotational diffusion coefficients which allow the 
determination of the length and the diameter of these 
rods. The determination of the rotational behaviour of 
elongated particles Is very sensitive on the particle 
length (1/L ) and is preferably measured with depo
larised dynamic light scattering (DDLS), because 
depolarised light occurs only for non-spherical 
particles. The possibility to receive infonnation about 
the aspect ratio of elongated particles from their 
diffusion coefficients from one experiment Is of great 
Importance for colloids, where structural transitions 
(e.g. sphere-to-rod transition) are of great scientific 
Interest. 

It Is Important to know the limitations and restrictions 
of the method. We first discuss experiments on an 
Ideal rodlike particle (tobacco mosaic virus), espe
cially the angular dependence of the decay constant 
( r vs q^). The determination of correct particle 
dimensions in the presence of particle interaction is a 
critical task. We present data of this model system 
with and without particle interaction and how they 
can be evaluated in a consistent manner Finally we 
show applications to self assembled mesophases 
(microemulsions and blockcopolymer solutions). 
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P10 
Effect of resonance radiation on colloid 

sys tems 

Valerij V. Levdansky 
Heat and Mass Transfer Institute, Academy of Sciences 
of Belarus, Minsk, Belarus 

The effect of the resonance radiation on colloid 
systems Is studied In the paper on the basis of the 
molecular-kinetic approach. The resonance (e.g., 
laser) radiation can essentially change the character 
of the interaction between gas molecules and aerosol 
particles In aerocollold systems and between ions of 
liquid and colloid particles In colloid solutions. It leads 
to variation in the character of adsorption, desorption 
and surface diffusion of molecules and ions. 
In the case of aerocollold systems the possibility to 
Influence surface processes enables to change the 
momentum which gas molecules transfer to the 
aerosol particle and, accordingly, to change the force 
affecting the particle. The paper deals with the force 
acting on the aerosol particle in the resonance radia
tion field owing to emergence of the asymmetry In the 
recoil pressure of gas molecules leaving the aerosol 
particle surface. It is related to the nonuniform illumi
nation of the aerosol particle or to the difference 
between the radiation frequency and the resonance 
frequency of gas molecules. In the second case the 
excitation of molecules moving in selected direction 
(the velocity-selective excitation of molecules) can be 
realised due to the Doppler effect. Thus, the parame
ters characterising the interaction of gas molecules 
with a surface, which depend from excitation of 
molecules, can vary along the aerosol particle surface. 
The expression is derived for the force affecting the 
aerosol particle In the case of nonequilibrium molecule 
scattering on one from the particle sides resulting In a 
difference of the scattering indicatrix for opposite sides 
of the aerosol particle. The influence of the joint thennal 
and resonance effects on the force (the aerosol particle 
heating and the gas molecule excitation leading to a 
difference between the values of the sticking coef
ficients for excited and nonexcited molecules) Is also 
considered. Here the resultant force affecting the 
aerosol particle is shown to originate at Its unlfonn 
heating. It should be noted that the classical photopho-
retic force is not equal to zero only in the case of the 
nonuniform heating of the aerosol particle. When the 
detuning of the radiation frequency from the gas 
molecule frequency occurs the change in the sign of 
the value of this detuning varies direction of the force 
acting on the aerosol particle. This fact can be used for 
the control of the aerosol particle movement, in par
ticular, in the problem of the aerosol particle deposition. 
Desorption of Ions from the colloid particle surface In 
colloid solutions under Influence of the resonance 
radiation can change the particle charge and, accord
ingly, the particle coagulation. 

P11 
Two colour dynamic light scattering studies of 
the structure and dynamics of colloidal 
dispersions 

Abdellatif Moussaïd. Marieta F Soliva, Wilson C K 
Poon, Peter N Pusey 
Department of Physics and Astronomy, The University 
of Edinburgh, UK 

The two colour dynamic light scattering (TCDLS) 
technique eliminates the effects of multiple scattering 
In turbid samples. The data obtained via this method 
reflect only the single scattering. The technique 
operates by cross-correlating scattered light of two 
different colours at the same scattering vector, 
allowing accurate measurements of the dynamics of 
samples over wide ranges of concentration. We have 
also exploited the fact that TCDLS provides a meas
urement of the ratio of single scattering to multiple 
scattering to determine the static structure factors of 
turbid samples. 

In particular we studied mixtures of colloidal particles 
and random-coil polymer. By the depletion mecha
nism the polymer Induces an attractive potential 
between particles, leading to phase separation. The 
range of this potential Is determined by the size of 
the polymer and its depth increases with polymer 
concentration. The topology of the phase diagram 
depends on the ratio of the radius of gyration of the 
polymer to the radius of the colloidal particles. At size 
ratio larger than 0.25, a three-phase coexistence of 
colloidal gas, liquid and crystal is observed. The 
measured structure factors Indicate enhanced large-
scale concentration fluctuations In marginal colloidal 
liquids. The dynamics of the liquid states are char
acterised by two relaxation times. The results will be 
compared to the case of the suspensions of colloidal 
particles without presence of the polymer 

P12 
Calculation of potential by non-equilibrium 
double layer theory for different TiOa/ electro
lyte solution interfaces 

A. Fernandez-Nieves, F. J. de las Nieves 
Group of Complex Fluid Physics, University of Almeria, 
Spain 

The TI02/electrolyte solution Interface has proven to 
be of great importance In different applications. 
Water treatment is one of the main field of use, in 
which the photocatalitic activity of the Ti02 particles 
plays a very important role in the successive reac
tions that occur on Its surface, and which yield the 
destruction of organic macromolecuies that might be 
present in the waste water The colloidal properties 
of the TIO2 particles, significantly Influence the 
process in what Is concerned with colloidal stability 
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and flocculation of the particles. The knowledge of 
these latter phenomena needs a previous wori< 
related to the characterisation of the solid-liquid 
interface electrical state. This is what we have paid 
attention to In this study. 
The experimental work done consists of electropho
retic mobility measurements versus pH and 
electrolyte concentration. Particulady, several 1:1, 
2:1 and 1:2 electrolytes where used with the aim of 
gaining insight about the double layer structure that 
surrounds our colloidal particles. In these conditions, 
the calculus of the C potential of our TI02/electrolyte 
solution interface, is carried out by non-equilibrium 
electrical double layer theories. The conversion of 
electrophoretic mobility into C, potential was realised 
according to the approach developed by Smolu
chowski and by one of the most recent ones due to 
Dukhin and Semenikhin. The latter assumes that the 
4̂ 8 potential and the C potential do not coincide, 
taking Into account electrical double layer polarisa
tion, not only for the ions present in the 
hydrodynamically mobile part, but also from those in 
the region between the planes where the two poten
tials mentioned before are defined. Thus, in order to 
obtain the C, potential, the 4̂ 6 potential must be 
known. The calculation of the last one was done 
assuming a Nernst behaviour for the surface poten
tial, 4^o, introducing the dependence with the ionic 
strength via the expression for the activity coeffi
cients due to Debye and Hückel. Also it was 
necessary to assume an electrical double layer 
model. The Stern and site-dissociation, site-binding 
models have been used, obtaining in both cases 
different but reasonable results. The values of 
several parameters used in the procedure yielding 
the C potential were fixed In agreement with other 
works in the literature. This treatment gives plenty 
information on how the electrical double layer of 
titanium dioxide can be considered, as well as It 
shows that the anomalous surface conductance 
observed In different systems may also be present In 
our solid-liquid interface. 

P13 
Realistic simulation in colloidal homo and 
heterocoagulation 

A. Puertas, A. Fernandez-Barbero, F.J. de las Nieves 
Group of Complex Fluid Physics, University of Almeria, 
Spain 

Over the last few years, considerable interest has 
been focused on the study of colloidal heterocoagu
lation, in which a system containing different species 
goes under flocculation, and its differences with 
homocoagulatlon. The particles fonning these 
systems may have not only different sizes or 
charges, but also the sign of their charges can be 
opposite. The study of heterocoagulation is much 

more complicated than that for homocoagulatlon, 
since aggregation between any two particles (be
longing to the same or different species) may occur 
This situation is simplified when the system Is 
composed of two species, having opposite charge 
sign, under stability conditions for both, so homoco
agulatlon will not occur In this case, only the 
collision of a particle from type A with another of type 
B will lead to the fonnation of a bond. In recent 
years, a lot of experimental and theoretical work has 
been dedicated to these systems, specially from a 
kinetic point of view. On the other side, homocoagu
latlon is much easier to descnbe, and thus, more 
infonnalion about the homocoagulatlon process is 
available. The two most prominent features of the 
universal behaviour are reaction kinetics and cluster 
morphology. The kinetics Is studied by monitoring the 
evolution of the cluster-size distribution while the 
morphology of the growing aggregates presents a 
fractal structure, characterised by fractal dimension, 
df, which is a measure of the aggregate density. 
A computer simulation was developed for studying 
how the interaction between particles affects rate of 
aggregation and cluster growth. In this model, a 
single particle is initially situated at a given position, 
and is allowed to move randomly around a fixed 
cluster. It was evaluated the probability density 
function of positions (pdf) for the movable particle, 
P(X,t|Xo,to), which is the probability that its position is 
X at time t, given that its value was Xo at time to. It 
should be noticed that the pdf depends not only on 
the diffusion coefficient but also on the particle-
cluster interactions. The use of the pdf for the parti
cle, gives our model its realism, since the inputs In 
the calculation of the pdf are experimentally accessi
ble quantities. 

In this work we present the dependence of the 
kinetics and cluster structure on the Initial particle-
cluster distance, the Ionic concentration and the 
interaction between the particles. The encounter 
probability was determined by characterising the rate 
of aggregation for the homo and heterocoagulation 
cases. Moreover, the fractal dimension was obtained 
from the dependence of the radius of gyration on the 
number of primary particles In a cluster, according to 
the well known relationship Rg(n) = Ro n^™ A linear 
relation was found in the ln[Rg]-ln[n] plots for clusters 
bigger than 20 monomers which guarantees the spatial 
scaling for homocoagulatlon. The fractal dimension, 
determined from the slope, was observed to be Inde
pendent of the Initial particle concentration and pre
sents a strong dependence on the ionic concentration. 
The financial support provided by the CICYT (project 
MAT96-1035-003-03) Is greatly appreciated. 
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P14 
Finite size effects on structure and dynamics 
of two-dimensional colloidal crystals 

R. Bubeck, S. Neser, C. Bechinger, P. Leiderer 
Fakultat fUr Physik, Universitat Konstanz, Genmany 
The properties of two-dimensional (2D) colloidal 
crystals have been widely investigated during the last 
20 years, but only little attention has been paid to 
effects of finite system size. Recent Monte-Cado 
simulations [1] have shown that the lateral confine
ment of a two-dimensional crystal may considerably 
alter Its equilibrium structure, dynamics and melting 
properties. We used video-microscopy to study 2D 
crystals confined to circular, square and hexagonal 
shaped regions. The size of the system Is varied 
between = 10 to 100 particles. We observe crystal 
structures which are strongly dominated by the 
shape of those regions and anisotropic diffusion 
coefficients indicating a reduced mobility perpen
dicular to the walls. 
This work is supported by the Deutsche For
schungsgemeinschaft (SFB 513). 
[1] V. M. Bedanov, F. M. Peeters, Phys. Rev. B 49 

(1994) 2667 

P15 
Decorrelatlon of multiple light scattering in 
strongly turbid samples: comparison of the 
two-colour and the three-dimensional c r o s s -
correlation method 

Ekkehard Overbeek, Ralf Niehiiser, Christian Sinn, 
Thomas Palberg 
Institut fiir Physik der Johannes-Gutenberg-Universitat, 
Mainz, Genmany 

Cunently, there is a growing Interest in dense suspen
sions of colloidal particles where different direct 
Interactions combine with hydrodynamic interactions to 
result In relevant influences on stmcture and dynamics. 
Related topics range from crystallisation kinetics to the 
microscopic understanding of rheological behaviour 
However, In dense samples, light scattering experi
ments are complicated due to multiple scattering 
events, which may even dominate the scattered 
Intensity. Only In some rare cases the turbidity of the 
samples can be reduced by a certain match of the 
refractive index of the particles and the solvent. Dy
namic light scattering measurements have been 
perfonned without artefacts from multiple scattering. 
These studies utilised the hvo-colour cross-conelation 
set-up (2CDLS), which is commercially available [1], 
Few years ago, Schatzel [2] proposed alternative 
cross-conelation schemes with certain advantages 
compared to the 2CDLS set-up. Recently [3], we 
implemented the three-dimensional cross-correlation 

set-up (3DDLS). In this contribution we discuss the 
features of both set-ups by showing typical results of 
strongly Interacting colloidal Yukawa systems. We will 
demonstrate our progress in approaching the technical 
limits of multiple light scattering deconelation. 
[1] P.N. Segrè, W. van Megen, P.N. Pusey, K. Schatzel, 

W. Peters: J. Mod. Optics 42 (1995) 1929-1952, 
[2] K. Schatzel: J. Mod. Optics 38 (1991) 1849-1865. 
[3] E. Overbeek, Chr. Sinn, T. Palberg, K. Schatzel: 

Progr Coll. Interf. Sci. 102 (1997). 

Pie 
Dynamics of colloidal s u s p e n s i o n s in confined 
media: A new mode-coupling effect 

Ignacio PaqonabarraqaM.H.J. Hagen \ C.P. Lowe^ 
D. Frenkel' 
' FOM-lnstitute AMOLF, Amsterdam, The Netheriands 
^ Computational Physies, Delft University ofTechnology, 

The Netheriands 
We present results on the dynamics of confined 
colloidal suspensions. In particular, computer simu
lations show that the velocity correlation function at 
long times exhibits a negative long-time tail. A simple 
mode-coupling analysis allows us to understand how 
it Is related to the propagation of diffusive sound 
modes in the system. We also analyse the implica
tions of such a tail on the transport properties of the 
suspension. The experimental relevance of the 
previous results will also be addressed. 

P17 
The synthesis and properties of uniform 
hematite particles 

T.P. Raming', C, van Kats^ A,J,A, Winnubst', H, Verweij' 
' Inorganic Materials Science, University of Twente, 

Enschede, Netheriands 
^ Van't Hoff Laboratory, University of Utrecht, Netheriands 
The preparation of unlfonn hematite particles with 
size <1 nm was first described by Matljevic [1], Since 
then much research has been done, on the influence 
of the presence of chelating agents during prepara
tion, the properties of these colloidal particles, and 
the growth mechanism. 
The properties and the growth mechanism of spheri
cal and diamond-shaped hematite particles are 
investigated. In particular the magnetic properties are 
considered. Depending on the size the particles 
show paramagnetism and/or ferromagnetism. The 
growth of the particles Is followed by taking samples 
at different reaction times and investigating them with 
Transmission Electron Microscopy and X-Ray 
Diffraction. The particles are made by hydrolysis of 
Iron chloride or iron nitrate [1]. 
[1] E. Matijevicand P. Schemer, J. Coll. Inter Sci., 

83 509-524 (1978) 

41 



ECIS97 Posters New in Colloid Science 

P18 
The interaction of colloidal particles and 
different treated g lass sur faces studied with 
evanescent wave scattering 

D. Rudhardt. C. Bechinger, P. Leiderer 
Fal<ultat für Physil<, Universitat Konstanz, Genriany 
Total Internal reflection microscopy can be used to 
measure the Interaction potential between colloidal 
particles and a surface [1]. Using single colloidal 
spheres as probe particles we can characterise the 
properties of different surfaces. We present data on 
hydrophilic and hydrophobic glass surfaces which 
show a considerable difference In the partlcle-wall-
Interaction. Further, experiments with electrically 
conductive surfaces where the surface charge can be 
varied by means of an extemal voltage are discussed. 
This work Is supported by the Deutsche For
schungsgemeinschaft (SFB 513), 
[1] D,C, Prieve, F. Luo, and F. LannI, Faraday 

Discuss. Ctiem. Soc. 83, 22 (1987) 

P19 
Interface mechanism of anomal conductivity in 

d ispersed solid and liquid electrolyte s y s t e m s 

Yu. V. Shulepov, 
Institute of Colloid and Water Chemistry of National 
Academy of Science of Ukraine, Kiev, Ukraine 
Although interface effects on the anomalous ionic 
conductivity of dispersed solid electrolyte systems 
have been known for a long time (starting from 
Liang's experiment on the enhancement of the Li-
conductivity by adding dispersed fine particles of 
alumina In solid electrolyte (Liang C.C, J Electro
chem Soc 1973, 120, 1289)), the mechanism 
responsible for this enhancement Is still matter of 
some debate. The same situation takes place in 
liquid dispersions (Adv Phys 1987, 36, 625). 
According to the accepted opinion, the random, 
dispersed particles with interface of enhanced ion 
conductivity can form the high conductivity paths 
through the sample. However, all known up to now 
models of enhanced conductivity at the interface 
cannot satisfactorily describe the experimental data. 
Here, the lattice gas model of electrolyte at the 
Interface Is considered [1,2]. Cations and anions 
occupy the sites of two equivalent cubic sublattlces 
of the general body centred cubic lattice approxi
mating the interface, and they Interact via a pair 
Coulomb potential. We Investigate the phase state of 
a binary symmetrical electrolyte using the collective 
variables method [3]. Two phases can arise in the 
system. The first one is a disordered phase charac
terised by equal probability of occupation of both 
sublattlces by cations and anions. The second (an 

ordered) phase is determined by a preferable occu
pation of one of the sublattlces by cations or anions. 
Phase transition in the high conductivity disordered 
phase from the ordered one with Increasing tem
perature Is of a continuous type, 
[1] Shulepov Yu. V., Aksenenko E.V., Lattice Gas, 

Kiev. Naukova dumka, 1981. 
[2] Shulepov Yu. V., Prisyazhnyi V.D., Solid State 

Ionics, 1994, p. 18. 
[3] Yukhnovsky I.R., Shulepov Yu. V., J. Stat. Phys. 

1985, 38, p. 541. 

P20 
star polymers - ultra soft colloidal particles 

J. Stellbrink'. J. Allgaier', D. Richter', C. N. Likos^ H. 
Löwen ^ 
' FF-Neutronenstreuung II, 
^FF-Theorie II Forschungszentrum Jülich, Gemiany 
Star polymers [1] can be considered as hybrids 
between polymer like entities and colloidal particles, 
connecting two Important areas of research: poly
mers and colloids. The arm number f controls the 
capability of the star polymers to interpenetrate each 
other. I.e. which of the two limits dominates. There
fore, star polymers are a new class of colloids, which 
can be described by an ultra soft, logarithmic poten
tial [2]. Here we present a comprehensive study of 
the structural and dynamical properties of star 
polymer solutions. In particular in the concentration 
range above the overiap concentration c* = 3 /( 4 TI 
Rg^) Mw / NA. Using neutron and light scattering 
techniques, combined with viscometry, it Is possible 
to investigate a spatial and temporal range spanning 
from microscopic to macroscopic length and time 
scales. The experimental work Is compared to new 
theoretical approaches using a logarithmic potential 
as a description of the particle Interaction. In the 
theoretical investigations, we use standard liquid-
state theory techniques to obtain accurate data for 
the structure and thermodynamics of the fluid phase 
and density-functional theory to investigate the 
phase diagram of the system as a function of con
centration and arm number 

In a recent dynamic light scattering study [3] of PI 
star solutions (f=18) we find two dynamical regimes: 
(I) Polymer like relaxation dynamics at short times 
with a collective response following the renonnalisa-
tion group theory independent of the polymer 
architecture, (il) At long times above c* a very well 
separated second slow dynamic regime reveals Itself 
in star polymer solutions. This slow diffusive process 
is connected to low angle excess scattering and 
indicates long range, slow density fluctuations, with 
5siow»Rg, reminiscent of features of the glass process. 
Comparing the reduced diffusion coefficient D Q / D SIO W 

and the reduced macroscopic viscosity ri/rio 
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(Do=diffusion coefficient at infinite dilution, iio solvent 
viscosity). It Is found that both show the same scaling 
law above c*, ~ c", but the ratio of the diffusion 
coefficients is two orders of magnitude larger than 
the ratio of the viscosities. Using a sample, where 
the Inner part (1/4) of the star is protonated and the 
outer part (3/4) Is deuterated and matched by a 
deuterated solvent, neutron spin echo experiments 
(NSE) observes the collective motion of the star 
centers If we measure close to the structure factor 
peak, which for this star occurs around q ^ ~ 0.05 A"' 
In the concentration regime of interest. The reduced 
relaxation frequencies Pq^ as a function of scattering 
vector q show a minimum at the structure factor 
peak. The depth of the minimum Increases with 
Increasing concentration. Moreover, in the high q-
range where internal motions are observed, a strong 
concentration effect is unexpectedly found, which 
might result from entanglements In the star shell 
affecting the motion of the core. These new results 
underiine the Importance of star polymers as a 
connecting link between polymers and colloids. 
[1] G.S. Gresf L.J. Fetters, J.S. Huang, and 

D.Richter, Adv. Chem. Phys. 94, 67-163, 1996. 
[2] T, A, Witten, and P, A, Pincus, Macromolecuies 

19 ,2509-2513,1986. 
[3] J.Stellbrink, J.AIIgaler, and D.Richter, Phys. Rev. 

Letter, submitted February 1997. 

P21 
Oriented zeolite films grown at the interface 
between two fluid p h a s e s 

y. Tricoli \ J, Sefcik^ A.V. McConnick^ 
' Dipartimento di Ingegneria Chimica e Scienza del 

Materiali, University of Pisa, Italy 
^ Department of Chemical Engineering and Materials 

Science, University of Minnesota, Minneapolis, USA 
A method was developed for the synthesis of free
standing sillcalite-1 membranes. Intergrown poly
crystalllne films were synthesized at the Interface 
between a colloid free aqueous phase and an 
organic or an air phase. These films were character
ized by scanning electron microscopy (SEM) and X-
ray diffraction (XRD). It was found that the crystallites 
of the films formed at the air-water interface were 
oriented with their (010) axis orthogonal to the 
interface, 

P22 
Preparation and phase behaviour of sterically 
stabilized gibbsite platelets 

F,M. van der Kooij, H.N.W. Lekkerkerker, A.P. Philipse 
Van "t Hoff laboratory, Utrecht University, The Netheriands 
Platelike colloidal particles are abundant in nature in 
the forni of clays, as well as in many industrial 
products as thickeners. Nevertheless, no model 
system of plate particles is available for which charge 
effects, polydispersity, or attractions do not severely 
complicate a clear determination of the relation 
between the physical suspension properties and the 
platelike particle shape. 

Here we present the synthesis of a fairiy monodis
perse colloidal dispersion of sterically stabilised 
platelike gibbsite (AI(OH)3) particles. Sedimentation 
experiments perfonned on this system suggest that 
attractive Interactions between the particles are 
effectively screened by the steric stabilisation layer. 
At higher concentrations the dispersion displays 
isotropic-nematic phase separation, which Is unique 
for uncharged plates and follows theoretical predic
tions for hard disc systems almost quantitatively, 

P23 
Preparative colloidal particle separation by 
fluidization 

C M , van Kats and A, van Blaaderen 
Van' t Hoff Laboratory for Physical and Colloid 
Chemistry, Utrecht University, The Netheriands 
We have constructed a fluidized bed [1] In order to 
separate particles with different sedimentation 
coefficients on a preparative scale. Until now only 
quantitative separation of colloidal particles of 
different sizes has been done, e,g, by Sedimentation 
Field Flow Fractionation or (in multiple steps) by 
preparative (ultra) centrifugation. With fluidization 
particles are separated by applying a counterflow 
that prevents sedimentation of the colloidal particles 
by gravity. Such a setup can easily handle grams of 
particles. The experimental setup is as follows: A 
fluid reservoir supplies a pressure drop across a 
glass capillary. The reservoir's height controls the 
pressure and thereby the (counter)flow rate. The 
liquid flows through a membrane at the bottom of a 
glass tube, where the particles are suspended. The 
liquid flows through the suspension and will lift the 
smallest particles and can prevent the sedimentation 
of larger particles. With this method particles with a 
radius ranging from 50 to 1000 nm can be separated 
qualitatively as well as quantitatively. We will show 
as examples the separation of dumbell colloids from 
single colloidal spheres, separation of a bidlsperse 
systems, where the radii are close together, in two 
separate particle layers and enhancement of the 
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monodispersity of a polydisperse system. It Is also 
possible, to set the counterflow exactly equal to the 
sedimentation rate so that concentrated fluidized 
beds of suspended particles 'hanging in the fluid' are 
fonned. When the sedimentation comes in equilib
rium with the counterflow crystalline fluidized beds 
can be formed [1]. Research has been worked out at 
the Utrecht Colloid Synthesis Facility. 
[1] Crystalline Fluidized Beds, M.A. Rutgers, J.Z. 

Xue, E. Herbolzheimer, W.B. Russel, and P.M. 
Chalkin, Ptiysicai Review E, 51: 4674-4678, 1995. 

P24 
Van der Waals-like instability In s u s p e n s i o n s 
of mutually repelling charged colloids 

René van Roil and Jean-Pierre Hansen 
Laboratoire de Physique de l'Ecole Normale Supérieure 
de Lyon, France 

Expenmental observations of coexistence of a dilute 
and a dense phase In charge-stabilised colloidal 
suspensions at low ionic strengths have so far been 
interpreted as proof for the existence of attractive 
interactions between like-charged particles [1,2]. 
These counter-intuitive results have aroused quite 
some controversy in the literature, as they contradict 
the standard DLVO theory. Here we show theoreti
cally that the purely repulsive screened-Coulomb (or 
DLVO) interaction between charged colloidal parti
cles is yet compatible with gas-liquid, gas-solid and 
solid-solid coexistence in low-salt colloidal suspen
sions. The driving source of these phase transitions 
is the (usually neglected) density-dependence of the 
electrostatic energy of each colloidal particle due to 
Interactions with Its "own' cloud of microions. This 
effect causes a Van der Waals-like loop In the 
equation of state [3], and may thus (partially) resolve 
the ongoing debate, 

[1] K. Ito, H. Hiroshi and N. Ise, Science 263, 66 
(1994), 

[2] A.E. Larsen and D.G. Grler, Nature 385,230 
(1997). 

[3] R. van Rolj and J.P. Hansen, submitted to Phys. 
Rev, Lett., (1997). 

P25 
Phase transition in two-dimensional colloidal 
sys tems induced by light force 

Qi-huo Wei, C, Bechinger, D, Rudhardt, P. Leiderer 
Fakultat fiir Physik, Universitat Konstanz, Germany 
Experiments are perfonned to study the phase 
behaviour of two-dimensional (2D) colloidal system 
subject to an external periodical one dimension (1D) 
potential produced by the standing wave of two 
interfering laser beams. The Induced structure of 

colloidal particles Is observed depending on the 
periodicity of the light field and the particle concen
tration. With increasing periodicity, the particles in 
low concentration fonn in series a 2D hexagonal 
lattice, a rhombic lattice (Including quadratic lattice), 
and periodical lines of a 1D crystal where no correla
tion between particles in neighbouring lines exists. 
For high particle concentration, the structure is 
complicated due to the confinement of particles 
resulting from the Gaussian profile of the laser beam. 
The author Q.H.W acknowledges the Alexander von 
Humboldt Foundation for a research fellowship 
support. 

P26 
Colloids for photonic materials 

Judith E.G.J. Wijnhoven, Mischa Megens, Willem L Vos, 
Van der Waals-Zeeman Instituut, Universiteit van 
Amsterdam, The Nethedands 

Photonic materials are materials in which the refrac
tive Index varies on length scales comparable to the 
wavelength of light. This leads to exiting phenomena 
such as the localisation of light. Colloidal systems 
are very suitable to make photonic materials, be
cause they naturally possess sizes on the order of 
the optical wavelength [1]. In this contribution, we will 
describe the synthesis of particles and the prepara
tion of samples. For random multiple scattering 
samples, parllcles with a large size polydispersity 
can be used, which pennits the use of various high 
refractive materials. We use Tj02 and we will pursue 
other semiconductor materials. For crystals, mono
disperse particles are vital. We have made silica 
particles by Stöber synthesis and with the microe
mulslon method. In the later method the colloids are 
grown In micelles to produce monodisperse spheres 
for small radius (25nm) [2], We have also made 
colloidal particles that contain dye as an active 
medium. With these particles, we are growing 
charged stabilised crystals with a wide range of 
volume fractions. We are also pursuing the use of 
artificial opals (dried colloidal crystals) as templates 
for crystals of high refractive index materials. 
[1] W.L. Vos, R, Sprik, A van Blaaderen, A. Imhof A. 

Lagendijk, G.H. Wegdam, Phys. Rev. fi, 53 
(1996) 16231; W.L. Vos, M. Megens, C M . van 
Kats, P. Bösecke, J. Phys.: Condens. Matter, 8 
(1996) 9503. 

[2] A. van Blaaderen et al., paper In preparation. 
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P27 
Characterisation of nanosized oxide particles 
prepared by emulsion precipitation 

F.C.M. Woudenberg, W.F.C. Sager 
Faculty of Chemical Technology, Inorganic Materials 
Science, University of Twente, The Netheriands 
In this contribution we Introduce a method to prepare 
nanometer-sized oxide particle precursors in ordinary 
w/o emulsions [1]. Emulsions have been used as 
precipitation media for organic and inorganic parti
cles over the last 10 years, but attempts failed so far 
to prepare particles In the nanosize range. Even If 
emulsions composed of submicrometer droplets and 
a narrow size distribution were applied, aggregation 
of particles primarily fonned In an emulsion droplet 
leads to final particle sizes of a few micrometers (see 
e.g. [2]). Using a proper combination of emulsifiers 
we prepared agglomerate-free colloidal suspensions 
of spherical precursor particles of 10 nm in diameter 
for different oxides, e.g. FeOOH, FeYOa, TIO2. Thin 
oxide-layers were prepared from the colloidal sus
pensions and characterised at different temperatures 
using x-ray diffraction, scanning electron microscopy 
and atomic force microscopy to study crystallisation, 
grain growth and sintering behaviour. At the crystalli
sation temperatures, which are significantly lower 
than for conventional powders (e.g. 500 °C for a-
Fe203 and 750 °C for FeYOa), already dense layers 
fonn with grain sizes smaller than 50 nm. The 
method investigated is of potential Interest for the 
preparation of nano-scale coatings and metal/oxide 
composite materials. 

[1] W. Sager, W, Sun, H,-F. Elcke, Co//o/ds Surfaces A 
79(1993) 199. 

[2] A.B. Hardy, G. Gowda, T.J. McMahon, R.E. Riman, 
W.E, Rhine, H.K. Bowen in: Ultrastmcture Process
ing of Advanced Ceramics; J.D. Mackenzie, D.R. 
Ulrich, eds.; John Wiley, New York:1988, p. 407. 

P28 
Adsorption of cyanine dyes on synthetic c lays 

A.Zapf H. Hoffmann 
Department of Physical Chemistry, University of 
Bayreuth, Gennany 

Cyanine dyes are water soluble cationic dyes. Due to 
hydrophobic interactions they form aggregates in 
aqueous solution above a critical aggregation con
centration c.a.c. These Scheibe- or J-aggregates 
show a new, extremely sharp band In the absorption 
spectrum, which Is redshlfted In respect to the 
monomer absorption [1,2]. 
We found that the cyanine dyes adsorb on synthetic 
clays like Saponite and Hectorite. These clay sys
tems form platelike particles in aqueous solution with 
a thickness of about 10 (and a diameter of about 

500). The clays are negatively charged with a charge 
density of 88 mval per 100 g. Due to the opposite 
charge of the dye molecules and the interaction of 
the dye molecules themselves, they adsorb co
operatively on the clay surface. We Investigated the 
dye adsorption by means of adsorption spectros
copy, fluorescence spectroscopy, electric birefringence 
and electric dichroism. 
The absorption spectra of the clay/dye systems 
exhibit a sharp J-band, which gives us evidence that 
the adsorbed cyanine dye forms aggregates on the 
clay surface. The critical binding concentration is 
about three magnitudes smaller than that In pure 
aqueous solution. The J-band In both clay/dye 
systems Is about 50 nm redshlfted in comparison 
with the monomer absorption, but the two systems 
cleariy differ in band width and Intensity. 
Whereas the cyanine dye shows no fluorescence 
activity in the monomer state, the J-aggregates 
exhibit a sharp fluorescence band, which Is shifted to 
greater wavelengths compared to the absorption 
band. The clay/dye systems can be orientated In the 
electric field and show a weak dichroitic behaviour 
Measurements with the electric birefringence method 
show an increase of the orientation relaxation times 
and the stationary birefringence and consequently an 
increase of the clay-dye-aggregate dimensions with 
increasing dye concentration. 
The structure of the dye aggregates on the surface 
was investigated with atomic force microscopy (AFM) 
and scanning tunnelling microscopy (STM). The 
microscope pictures show ordered domains of dye 
molecules on the clay surface, 
[1] G. Scheibe, Angew. Chem. 50, 212 (1937). 
[2] G. Scheibe, H. Zimmennann, Z. Elektrochem. 60, 

566 (1956). 
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P29 P30 
Associat ing polymers interacting with latex 
particles 

B. Beizung , F. Lequeux 
LUDFC, Université Louis Pasteur, Strasbourg, France 
We have studied the physical properties of telechelic 
associating polymers (hydrophobically modified poly-
acrylamldes) interacting with latex particles. The 
associating behaviour of the polymers end groups 
leads to the formation of a transient micellar networl< 
of these polymers In solution. In the presence of a 
small amount of latex particles, the adsorption of the 
polymers on the latex surface has been shown by 
various authors. In the present work, we investigated 
higher concentration range of latex dispersions 
thickened by well characterised associating poly
mers. To probe the structure of these mixtures, we 
combined rheological measurements and Diffusing 
Wave Spectroscopy DWS (multiple light scattering) 
at rest and under shear For comparison, parallel 
experiments were carried out with non modified 
polyacrylamlde as well as the study of these associ
ating polymers In aqueous solution. The rheological 
results show that the systems are considerably more 
viscoelastic than expected considering only the 
rheology of the continuous phase and the latex 
volume fraction. Using DWS, we quantify the slowing 
down of the diffusive motion of the latex particles in 
the polymer matrix. The results are consistent with 
rheology. DWS experiments under penodic shear 
were carried out to probe the elastic properties of the 
systems. It is shown that a partial mechanical degra
dation of the structure formed occurs at a 
defonmation level lower than expected considering 
rheological measurement. We conclude to the 
fonnation of a complex structure where the latex 
particles are trapped by specific Interactions in the 
associating network of polymers. We observe that 
the complex network appears only above given 
polymer and latex concentrations. We also examined 
the effect of the hydrophobe length and the molecu
lar weight of the polymer The structures exhibit very 
few dependence on the molecular weight of the 
polymer but are strongly determined by the hydro
phobe length. As the structure of the associating 
polymer network in solution is governed by the 
tendency of the chains to take up bridge and loop 
configurations, the structure of the complex network 
In presence of latex can be understood considering 
the bridging both between polymers and latex 
particles. 

Experimental observation of shear - induced 
particle migration 

v. Breedveld, D. van den Ende, R,J,J, Jongschaap, J, 
Mellema 
Rheology Group, Department of Applied Physics, 
University of Twente, Enschede, The Netheriands 
Shear-induced migration of non-colloidal particles In 
concentrated suspensions has been studied experi
mentally by severai researchers with different 
techniques. Although the migration seems to be of 
diffusive nature, little is known about the microscopic 
origin and the quantitative Influence of the parame
ters volume fraction, particle size and shear rate. 
We have developed an apparatus to study migration 
on the particle level under well-defined conditions, A 
flow field with homogeneous shear rate is used in 
order to avoid net particle fluxes causing Inhomo-
genltles in volume fraction and viscosity. In the 
homogeneous flow field the particles are expected to 
show convective and diffusive motion; the diffusion 
coefficients are supposed fo depend on shear rate 
and direction In the flow field. 
Our apparatus consists of counter-rotating cone and 
plate segments. In an opaque suspension of neu
trally buoyant particles the motion of a number of 
tracer particles is detected with a CCD camera. 
Correlation techniques are used to evaluate se
quences of images and to calculate diffusion 
coefficients. 

P31 
Shear- induced ordering in a micellar cubic 
crystal 

Jean-FranQois Berret\ F, Molino' and M, Delord' and 
Grégoire Porte', Peter Lindner^ Olivier Diat^ 
' Groupe de Dynamique des Phases Condensées, 

Université de Montpellier II, France 
^ Institut Laue Langevin, Grenoble, France 
^ European Synchrotron Radiation Facility, Grenoble, 

France 

Experiments have been perfonmed in order to 
analyse the shear ordering effect on polymeric 
micelles in a cubic phase using small angle X-ray 
and neutron scattering techniques at the ESRF (on 
the "high brilliance" beam line, id2) and at the ILL 
(D11) respectively. After having studied the structure 
of the sample at equilibrium, an oscillatory shear of 
strain amplitude ~ 1 was applied to the crystal (In a 
specially designed shear cell). Using an X-ray 
synchrotron beam complementary orientation planes, 
perpendicular to the velocity and the velocity gradi
ent, were probed. Correlation In both directions were 
well characterised and allows us to analyse the 
rheology curves in term of structural changes. 
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P32 
Magnetorheology of magnetic si l ica 

d ispersions 
B.J. de Gans' , C. Blom', J. Mellema', A.P. Philipse^ 
' Rheology Group, Department of Applied Physics, 

University of Twente, Enschede, The Netheriands 
^ Van't Hoff laboratory. University of Utrecht, The 

Netheriands 
Dispersions of nanosized magnetic particles, also 
called ferroflulds, show a number of subtle rheologi
cal effects. We study a new type of ferrofluid, 
consisting of magnetite cores that are encapsulated 
in silica. The outer surface Is grafted chemically with 
alkyl chains in order to make the particles disper-
sable In apolar solvents. The radius of the cores is 
approximately 10 nm. The radius of the particles as a 
whole can be increased up to any size desired. This 
implies that we can vary the strength of the dipole-
dipole interaction between the cores and thereby the 
rheological properties of suspensions. 
To Investigate rheological properties under the 
Influence of a magnetic field a magnetorheometer 
was developed, basically consisting of a Bohlln VOR 
apparatus equipped with a home-made electromag
net. We use a cone-plate geometry with a top angle 
of 10 made of non-magnetisable, non-conducting 
material. With the electromagnet, consisting of a 
torold with a weak Iron C-core, homogeneous fields 
of strengths up to 0.3 Tesla can be created. Some 
infonnation will be presented concerning the devel
opment of the magnetorheometer. We will also show 
results of measurements of the linear and the non
linear rheological behaviour of dispersions of mag
netic silica particles as a function of volume fraction, 
silica shell thickness and the magnetic field strength. 
As a reference, results of measurements with a 
commercial fenofluid will be shown. 

P33 
Determination of the (hard sphere) suspens ion 

viscosity, using the lattice-Boltzmann 

simulation method 

M.W. Heemels, CP , Lowe, A,F, Bakker and F, van Gool 
Delft University ofTechnology, Netheriands 
The lattice-Boltzmann method [1] Is a new and 
general technique for the simulation of colloidal 
suspensions. Lattice-Boltzmann simulations are 
faster, simpler and more versatile compared to 
conventional approaches, which are usually based 
on complicated, computation-intensive solutions of 
the Stokes equations. 
We report results of lattice-Boltzmann simulations of 
particulate suspensions for a range of densities. The 
aim Is to determine the effect of various factors (viz. 
packing fraction, shape, etc) on the high-frequency 

suspension viscosity, and the reliability of the lattice-
Boltzmann method in this. An efficient and accepted 
way to calculate the suspension viscosity, is through 
the decay of the transverse-current autocorrelation 
function. This is related to a wavelength dependent 
viscosity, which for sufficiently long wavelengths 
yield the effective viscosity. First suspensions of 
rigid, equal sized spheres are simulated thoroughly. 
The results for the suspension viscosities, for volume 
fractions up to 0.45, agree within 10% with the 
existing data (experimental, simulatlonal and theo
retical). This shows that the lattice-Boltzmann 
method yields reliable results for the effective viscos
ity. Next we discuss new results for suspensions 
containing 2 types of spherical particles with different 
radii. 

[1] Ladd, A.J.C. 1994 Numerical simulations of 
particulate suspensions via a discretized Boltz
mann equation. Part 1. Theoretical foundation, J. 
Fluid Mech., 271, pp,285. 

P34 
Non-homogeneous flow pattern of giant 

micelles solutions: a non-equilibrium phase 

transition? 

Gregoire Porte, Jean-Frangois Berret, James L, Harden 
Groupe de Dynamique des Phases Condensées, 
Université Montpellier II, France 
When submitted to a high steady shear, giant mi
celles solutions usually exhibit a strongly non-linear 
viscous response associated with the progressive 
alignment of the long micelles parallel to the direction 
of the velocity. In some cases even, shear-banded 
non-homogeneous stationary flows have been 
reported above some characteristic shear rate. A 
mechanical signature of this behaviour Is the onset of 
a stress plateau at this rate where the stress abruptly 
becomes independent of the shear rate. Such 
banded flows are usually interpreted In terms of a 
mechanical instability of the non-linear flow regime. 
However, In at least two respects, the robustness of 
the two-state banded flow regime and the kinetics of 
band fonnation, they present striking analogies with 
ordinary phase transitions in equilibrium systems. 
We propose a phenomenological explanation of 
these effects in terms of an effective non-equilibrium 
potential that accounts for the free energy stored in 
the visco-elastic micellar solution under steady shear 
conditions. Within this picture, the shear thinning 
non-homogeneous flow can be shown to be the 
manifestation of an underiying hidden structural 
transition. Some consequences for shear-thickening 
transitions will also be presented. 
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P35 
Order parameter and transition enthalpy for 
shear induced phase transitions in colloidal 
d ispersions 

Thorsten Preis, Ralf Biehl, Thomas Palberg 
Institut für Physik der Johannes-Gutenberg-Universitat, 
Mainz, Gennany 
Under conditions of a stationary flow the rheology of 
colloidal dispersions consisting of spherical particles 
Interacting via a screened electrostatic potential was 
investigated by LDA, which measures the spatial 
velocity distribution Inside the shear cell. An inhomo
geneous shear-profile Is observed, which Is related 
to changes of the distribution of differently ordered 
phases in the dispersion. This Is due to a series of 
shear induced phase transitions leading to a non-
nevirtonlan behaviour With Increasing dispersion flux 
(dV/dt), a coexistence of up to four different phases 
has been observed fonning the overall dispersion 
structure, which could be Identified as the equilibrium 
(bcc polycrystalline) phase, two hexagonal packed 
sliding layers of different sliding mechanism and the 
isotropic shear melt, respectively. While each of 
these phases shows a Newtonian behaviour, a 
thinning in the apparent viscosity with increasing 
overall flux is observed. In contrast to small and 
medium fluxes where the shear stress determines 
the phase transitions from the crystalline to the layer 
phases, for high fluxes the phase transition to the 
fluid phase is dominated by kinetic effects. We 
describe an evaluation of the phase transition 
enthalpy between the equilibnum phase, the two 
sliding layers and the fluid phase. We will present 
further investigations of the flow mechanism by 
microscopic and light scattenng studies considering 
different cell geometries based on these results. 

P36 
Shear orientation of hexagonal m e s o p h a s e s 

G. Schmidt. W, Richtering, P. Alexandridis, P. Lindner 
' Universitat Freiburg, Institut für Makromolekulare 

Chemie, Gennany, 
^ Institute of Physical Chemistry, Lund Unlversity,Sweden 
^ Institut Laue-Langevin, Grenoble, France 
Concentrated aqueous surfactant solutions are 
known to form lyotropic hexagonal liquid crystalline 
mesophases and shear flow can be used to align the 
anisotropic micelles. Here we compare the behavior 
of two different systems: a low molar mass surfactant 
and a block copolymer. Both surfactants form hex
agonal mesophases In concentrated aqueous 
mixtures. Shear onentation was studied by the 
following techniques: microscopy, rheo-small angle 
light scattering (SALS), rheo-birefringence and rheo-
small angle neutron scattering. 

Rheo-birefringence is shown to be a simple experi
mental technique that allows to directly detect shear 
orientation in creep experiments and large oscillatory 
shear flow. However, different contributions from 
intrinsic and from birefringence have to be taken into 
account. This can be demonstrated with the block 
copolymer system, SANS revealed the same shear 
orientation as with the common surfactant system 
but the birefringence had a different sign. The 
influence of shear deformation on the degree of 
orientation will be discussed. 

Rheo-SALS gives infonnation on a mesoscopic 
length scale and showed that texture was similar In 
both systems. 

P37 
Rheology and Flow-induced Structures of 

Surfactant Mesophases 

A.E. Terry \ J.A. Odell \ R.J. Nicol ^ G.J.T. Tiddy ^ J.E. 
Wilson ^ 
' University of Bristol, Bristol, U.K. 
^ UMIST, Manchester, U.K. 
^ Unilever Research Port Sunlight Lab., Bebington, U.K. 
This study examines the relationships between 
mesophase properties, macroscopic rheological 
behaviour and microscopic structure for both model 
and commercial surfactants. The aim Is to relate the 
rheological behaviour to molecular structure and 
orientation. 

We present investigations of the progressive In
crease in mesophase order for both hexagonal and 
lamellar systems followed by time-resolved X-ray 
diffraction and small-angle light scattering (SALS) 
using in-situ shear and extensional cells. This Is 
compared with rheological data obtained under 
similar experimental conditions and geometry [1], 
X-ray scattering during shear flow of a hexagonal 
mesophase shows a high degree of ordering with the 
rods aligning into the velocity direction. The orienta
tional order parameter, <P2>, is monitored as a 
function of time and shear rate. We report a progres
sive increase in <P2> which correlates well with 
pronounced shear thinning. This is compared with 
expectations from molecular theories of liquid crys
talline flow. 

Both the development of rheological behaviour and 
structure are more complex in the lamellar 
mesophase system. With time, at constant strain 
rate, the material Is Initially strongly shear thinning, 
then transiently shear-thickening. These changes are 
correlated with changes in lamellar orientation as 
revealed by X-rays and the microscopic organisation 
of the mesophase as obsen/ed by SALS. We discuss 
possible models of microstructure to account for the 
rheological and scattering behaviour and speculate 
upon the possible development of multi-lamellar 
spherical vesicles [2]. 
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We report initial real-time X-ray scattering studies of 
the spinning of a hexagonal mesophase. The mate
rial spins well to form stable fibres with little die swell. 
Very high orientations are created easily by low 
stress post-extrusion extensional flow. In contrast, 
the lamellar mesophase does not spin a stable 
thread and stretches readily under its own weight. 
We speculate upon the microscopic mechanisms for 
extensional flow of hexagonal surfactant mesophases. 
[1] A.E. Terry, J.A. Odell, R.J. Nicol, G.J.T. Tiddy, 

J.E. Wilson, submitted to Colloid & Polym. Sci. 
[2] O. Diaf D. Roux, F. Nallef J. Phys. II France, 

3:1427 (1993) 

P38 
Structural c h a n g e s of depletion flocculating 
si l ica d ispers ions in shear flow 

D. van den Ende. W. Wolthers, M.H.G. Duits, J. Mellema 
Rheology Group, University of Twente, Enschede, The 
Netheriands 

When non adsorbing polymers are added to a 
dispersion of colloidal hard spheres, under certain 
conditions aggregation occurs: depletion flocculation. 
The depth and the range of the attraction between 
the particles can be tuned with the concentration and 
the size of the polymers, respectively. In a certain 
range of parameters the system separates in two 
phases, but that may take a long time. Here we 
investigate systems in the two phase region. At rest 
and not yet demixed the spheres form a space filling 
network. In flow this network will be broken down. 
The change of structure has been studied by su
perimposing oscillations orthogonally onto a steady 
shear flow. The model fluid consists of monodisperse 
stearyl coated silica spheres (radius: 30 nm) dis
persed In cyclohexane at volume fractions behveen 
0.9 and 31.2%. In the cyclohexane polystyrene 
polymer is dissolved, which does not adsorb onto the 
hard sphere surfaces. The fluid is kept at 35 C: the 
theta temperature of polystyrene in cyclohexane, 
Monodisperse polystyrene with a molar mass of 
5970 g/mole was used at a concentration of 126 
g/liter The complex shear modulus G* of the disper
sion in flow has been studied with a home made 
instrument [1], which superimposes hanmonic shear 
oscillations orthogonally onto a steady shear flow. 
The flow Is confined to a double gap geometry 
composed of an annular cup with a concentric 
cylinder inside. The annular cup rotates while the 
cylinder oscillates along its axis. The cylinder is 
suspended with a spring to an exciter By measuring 
the amplitude ratio and phase difference between the 
exciter and the cylinder the mechanical impedance 
Z* of the liquid in flow can be deduced. G* is ob
tained from Z*. G* has been measured as a function 
of frequency with the steady shear rate as parame
ter At rest G' Increases slowly with frequency 

Rheology 

indicating a broad spectrum of relaxation times as is 
typical for a space filling network. In flow the longer 
relaxation times disappear In previous studies the 
concept of fractal like aggregation was quite suc
cessful to describe rheological behavior for 
aggregated dispersions [2,3]. The modeling assumes 
that all particles are aggregated in fractal-like struc
tures. These structures transmit stress through rigid 
elastic chains, which behave like linear springs. Their 
spring constant is power law dependent on chain 
length and proportional to the second derivative of 
the interparticle potential. The lifetime of a chain Is 
determined by thermal and mechanical break up. 
With these elements a transient network model can 
be applied to the dynamic behavior at rest and in 
flow. The model describes the main features of the 
experiments satisfactory. 
[1] Zeegers J., D. van den Ende, C. Blom, E.G. 

Altena, G.J. Beukema and J. Mellema, Rfieol. 
ActaZA, 606-614 (1995) 

[2] Potanin A.A., R, de Rooij, D. van den Ende and J. 
Mellema, J.Chem.Phys. 102, 5845-5853 (1995) 

[3] Wolters W., M.H,G, Duits, D. van den Ende and J. 
Mellema, J.Rheol. 40, 799-811 (1996) 
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P39 
Formation of microemulsions in an ionic-
nonlonic surfactant mixture s y s t e m s 

Kenii Aramal^i \ Kazuyo Ozawa \ Al^ihiro Nalono \ 
Conxita Solans^, Hironobu Kunieda ' 
' Graduate Sctiool of Engineering, Yol^ohama National 

University, Japan 
^ Departament de Tecnologia de Tensioactius, C.I.D. 

(C.S.I.C), Barcelona, Spain 
A middle-ciiain alcohol has been mainly used as a 
cosurfactant to form microemulslon In an ionic 
surfactant system since Schulman's pioneering worl< 
on microemulsions. However this is not efficient in 
view of solubilizing power due to the high monomenc 
solubility of alcohol in oil. We attempted to fonn 
microemulsions in NaCI aq./sodium dodecyl sul-
fate(SDS)/diethyleneglycol dodecyl ether (C12EO2) 
(or triethyleneglycol dodecyl ether(Ci2E03))/n-
decane system with changing salinity and tempera
ture. Instead of three-phase microemulslon, lamellar 
liquid crystal extends to a dilute region and single-
phase microemulsions are fonned along the liquid 
crystal region, when the HLB of surfactants is opti
mum. The mixing fraction of C12EO2 (or C12EO3) in 
the total surfactant to fonn microemulsions Increases 
with decreasing the total surfactant concentration. 
This tendency is attributed to partition of nonionic 
surfactant in oil and the surfactant layer inside the 
microemulslon or the lamellar liquid crystal. The 
partition was determined by analyzing the phase 
behavior in the composition tetrahedron in which 
brine is considered to be a pseudo-one component. 
The solubility of nonionic surfactant In oil is less than 
5 % and the mixing fraction of surfactant at interface 
is unchanged upon dilution. We measured the 
intedayer spacing of lamellar liquid crystal by SAXS 
to confirm the above analysis. 

P40 
A small-angle neutron scattering (SANS) study 

of aggregates formed from an aqueous mixture 

of sodium dodecyl sulphate (SDS) and dodecyl 

trimethylammonlum bromide (DTAB) 

Magnus Beroström and Jan Skov Pedersen 
Condensed Matter Physics and Chemistry Department, 
RiS0 National Laboratory, Roskilde, Denmark 
We have studied several different samples of sodium 
dodecyl sulphate (SDS, anionic surfactant) and 
dodecyl tnmethylammonium bromide (DTAB, cationic 
surfactant) in D2O at 4 0 °C in the absence of added 
salt, using small-angle neutron scattering (SANS), 
where the surfactant molar ratios ranges between 
1 5 : 8 5 - 4 0 : 6 0 and 6 0 : 4 0 - 8 5 : 1 5 and the total amount of 

surfactants between 0 . 1 2 5 and 5 wt %. Small uni

lamellar vesicles ( 4 0 0 A < ( R ; < 8 0 0 A) were found In 
the very dilute samples of compositions 1 5 : 8 5 - 2 5 : 7 5 
and 7 5 : 2 5 - 8 5 : 1 5 by means of fitting the scattering 
data with a one-shell bilayer model using conven
tional least-squares methods with respect to 
parameters such as vesicle size, polydispersity and 
Interveslcular interactions etc. When the overall 
surfactant concentration for the compositions, for 
which unilamellar vesicles were found, is Increased 
above 0 . 2 5 - 1 wt %, depending on composition, we 
observe a clear transition into much smaller micellar 
aggregates. We were able to fit the scattering data 
from these samples using a model for either an 
ellipsoidal or a cylindrical aggregate. For the samples 
with compositions 1 5 : 8 5 and 8 5 : 1 5 we found the 
micelles to be shaped as a prolate (or as a long 
cylinder) whereas at compositions nearer equimolar-
ity we observed oblate disk-shaped micelles. We 
also found a narrow Intermediate region where 
vesicles and micelles coexist. For the samples 
nearest equlmolarity, i.e. in-between 3 0 : 7 0 - 4 0 : 6 0 
and 6 0 : 4 0 - 7 0 : 3 0 , we found very large oligolamellar 
vesicles by means of fitting the scattering data with a 
paracrystal lamellar model with respect to number of 
bilayers, average layer distance and bilayer thick
ness. For the most concentrated of these samples 
the number of bilayers, which normally was seen to 
be about 1 .5 -2 .5 , becomes infinite indicating a 
transition into multilamellar structures such as stacks 
of large planar bilayer sheets or onion-like lipo
somes. 

r'4i 
Effect of different solvents on the low-

frequency electrical conductivity of water-in-oil 

microemulsions. 

F. Bordi. C. Cametti 
Dipartimento di Fisica and Istituto Nazionale di Fisica 
della Materia (INFM), Université di Roma 'La Sapienza', 
Italy 

Microemulsions are homogeneous, transparent. 
Isotropic and thermo-dynamically stable solutions 
composed of large volume fractions of water and oil 
separated by a monomolecular layer of amphiphilic 
molecules. Recently, the phase behaviour of water-
decane, ionic amphiphile (sodium bis(2-ethylhexyl) 
sulfosuccinate [ACT]) ternary system has been 
extensively studied by means of low-frequency 
electrical conductivity measurements [ 1 ] , since we 
have shown that a strong correlation exists between 
a transport property such as electrical conductivity 
and the microemulslon structure. In this work, we 
have extended our Investigation to microemulsions 
built up with different oil phases, carbon tetrachlo
ride, n-heptane and n-decane, In the attempt to 
evidentiate different droplet-droplet Interactions 
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induced by different oil matrix. The microemulsions 
investigated were characterised by different molar 
ratios of water to surfactant X= [H20]/[AOT], varying 
from 2 to 2 0 , in the one-phase region, where the 
water core has a size distribution of the Schultz type 
with moderate a polydispersity. The hydrodynamic 
radius of the surfactant coated water droplets varies 
accordingly between 2 0 and 8 0 A. The electrical 
conductivity has been measured at a frequency of 1 0 
kHz by means of a Hewlett-Packard mod. 4 1 9 2 A 
Impedance Analyzer, In connection with a tempera
ture-controlled parallel-plane capacitance cell., in the 
temperature range from 5 to 6 0 °C. The volume 
fraction of the surfactant-nwater phase was main
tained constant to the value of F = 0 . 1 . In this dilute 
concentration regime, transport process occurs by 
means of movement of charged water droplets, 
whose lonlsation is due to the fluctuating exchange 
of the surfactant molecules and the charged water 
droplets contribute to conduction by means of 
brownlan movement and the results are discussed 
on the basis of the Elcke-Hall theory [ 3 , 4 ] taking into 
account the Influence of the droplet hydrodynamic 
radius, resulting In a detailed and accurate descrip
tion of the conductometric behaviour. 
[ 1 ] C.Cametti, F.Sciortino, P.Tartaglla, J.Rouch, 

S.H.Chen, Ptiys. Rev. Lett. 75, 5 6 9 , ( 1 9 9 5 ) . 
[ 2 ] F.Bordi, C.Cametti, P.Codastefano, F.Sciortino, 

P.Tartaglla, J.Rouch, Prog. Colloid Polym. Sci. 
100, 1 7 0 , ( 1 9 9 6 ) . 

[3 ] H.F.Eicke, M.Borkovec, B.Das-Gupta, J.Phys. 
Oiem. 9 3 , 3 1 4 , ( 1 9 8 9 ) . 

[4 ] D.G.Hall, J.Pfiys. Chem. 94, 4 2 9 , ( 1 9 9 0 ) . 

P42 
Determination of s ize and structure of 

surfactant micelles and microemulsions in a 

wide concentration regime by small-angle 

scattering 
Judith Brunner-Popela \ Rainer Mittelbach \ Bertram 
Weyerich^ Otto Glatter' 
' Institute of Physical Chemistry, University of Graz, 

Austria 
^ Institute of Theoretical Physics, University of 

Düsseldorf, Germany 
Surfactant systems without or with oil (microemul
sions) are known to show a wide range of different 
structures on self-aggregation In polar or apolar 
media. In particular non-ionic surfactants form 
structures highly dependent on concentration and on 
temperature. 
As such structures are In the size range of nanome
ters small-angle scattering of X-rays and neutrons Is 
an Ideal method to determine size, shape and 
Internal structure. In the case of very diluted solu
tions there exists a direct relation between the 

particle and Its scattering data by means of a Fourier 
transformation. If concentrations increase, however, 
the evaluation of small-angle scattering data is no 
longer that easy because interaction can no longer 
be neglected. The widely used technique of concen
tration extrapolation to get rid of interparticle 
scattering Is obsolete as the structures of surfactant 
systems - micelles and microemulsions - are con
centration dependent. 
We have developed a new method to determine size 
and shape of micelles and microemulsions over a 
wide concentration regime. In addition to /nfrapartlcle 
scattering InterpaMe scattering is taken Into con
sideration. The former can be expressed by the so-
called fonn factor P(q) where q is the length of the 
scattering vector The latter corresponds to the 
structure factor S(q) that is necessary for the de
scription of Interacting systems and depends on the 
relative locations of the individual particles. Our 
method enables us to determine the form factor and 
the structure factor simultaneously. Furthermore It Is 
possible to determine the degree of polydispersity by 
assuming a monomodal size distribution of variable 
width while calculating the mean radial scattering 
length density distribution function p(r) from the pair 
distance distribution function p(r). 
We present results for the evaluation of small-angle 
scattering data of binary and ternary systems, 
namely mixtures of C12E5, water and n-octane 
(optionally). It Is possible to determine the size, 
shape and Intemal structures of systems with con
centrations of up to 3 0 % volume fraction with very 
high accuracy. 

P43 
Magnetic nanoparticles monolayers 

Valerie Cabuil '. Sandrine Lefebure', Christine 
Menager', Frangois Gallet^, Michel Assenhelmer^ 
Cyril Flament^ 
Université Pierre et Marie Curie, CNRS, Paris, France, 
' Lab. L.I.I.C., 
H a b . A.O.M.C., 
^ Lab. Physique Statistique, Ecole Normale Supérieure 
Compression of monosized surfactant coated mag
netic nanoparticles monolayers, deposited on a 
water subphase. Is studied as a function of particle 
size. The shape of the curves surface pressure as a 
function of area and the electron microscopy results 
are interpreted taking Into account interparticle 
interactions. 
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P44 
Dynamic effects in fluorinated micellar 
sys tems observed by pulse NMR technique 

Vladimir Chernov. Rustam Valeev, Vladimir Lobaskin 
Chelyabinsk State University, Russia 
Nuclear magnetic relaxation in mesogenic micellar 
solutions of fluorocarbon salts of caesium in ordinary 
and heavy water Is studied by means of pulse NMR 
technique on fluoride nuclei resonance. The investi
gation was performed in wide temperature and 
concentration ranges. In the experiments, we meas
ured the decay of the transverse magnetisation from 
a signal of the free induction after a 90°-T-180° pulse 
sequence and from an envelope of the spin-echo 
signals after application of the Carr-Parcell-
Meiboom-Gill (CPMG) pulse sequence. From these 
data the decay times T2 and T2CPMG, respectively, 
were determined. It was discovered that there exists 
a plateau of the temperature dependence of the 
transverse magnetisation relaxation time Tj at high 
temperatures for all the investigated systems. In this 
region the decay becomes strongly nonexponentlal. 
In the same temperature range the time TSCPMG was 
found to depend on the pulse frequency v. Such a 
behaviour of the transversal magnetisation can 
indicate either translational diffusion of the fluoride 
nuclei in the inhomogeneous magnetic field or the 
exchange between two chemically Inequivalent 
states. One of the possible explanations of this 
behaviour Is the protruding motion of the amphiphilic 
molecules In and out of the micelle surfaces within 
the time scale of milliseconds. Besides, it was found 
that at the temperatures corresponding to the T2 
plateau the decay of the transverse magnetisation 
and the dependence TJCPMG (V) have oscillatory 
structure for one group of samples and have not for 
another group. This distinction points to difference In 
details of dynamics of the molecular motion in these 
solutions, which origins from the difference In their 
chemical composition. 

P45 
structure and dynamics of lecithin organogels 

P.A. Ciri^el and G.J.M, Koper 
Leiden Institute of Chemistry, Leiden, The Netheriands 
Soybean lecithin with trace amounts of water Is a 
system, which seems to be unique in its ability to 
fonn giant wonnllke micelles in oil. The static proper
ties of this system behave very much according to 
polymer theory. Many aspects of the dynamical 
behaviour can be explained by polymer theory as 
well, if one takes Into account polydispersity and 
breakage of the micelles. Other aspects are however 
in clear disagreement with polymer theory. We belief 
that the key to explain these discrepancies is the 
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fonnation of a connected network. By spectroscopic 
techniques, such as dielectric-, IR- and NMR spec
troscopy we try to get evidence that a connected 
network is formed. A thermodynamic description of 
this fonnation is obtained by comparing the free-
energy cost to fonn an end-cap from viscosity 
measurements on dilute solutions, with the free-
energy cost to fonn a branch-point from the phase 
diagrams. Finally some network characteristics such 
as the existence of a yield stress will be shown 
through viscometry and Kerr-effect measurements. 

P46 
Synthesis and photoreactivity of Cadmium 

Sulfide nanopart ide in four-components 

microemulslon: effect of the water and alcohol 

content. 

Maria Lucia Curri \ Gerardo Palazzo^, Giuseppe 
Colafemmina ^, Andrea Ceglie^ 
'CS-CFILM,CNR, Bari, Italy 
^Dept. Chemistry, University of Bari, Italy 
^DISTAAM, Molise University, Campobasso, Italy 
Microdispersed and colloidal semiconductors are 
increasingly utilised in photochemical and catalytic 
reactions. Band gap excitation produces electrons In 
the conduction band and holes In the valence band 
of semiconductor particles. The photophysical and 
photochemical properties are drastically dependent 
on the size of the aggregate which varies with the 
preparation mode. The use of surfactant assemblies 
such as vesicles or reverse micelles favours the 
synthesis of more monodispersed and smaller crys
tallites. In the water-in-oil CTAB/pentanol/hexane 
/water microemulsion the droplet radius has been 
found to be dependent from both the water and 
alcohol content. The synthesis of CdS in this micro-
emulsion system can be achieved simply by mixing 
two microemulsions containing Cd*"^ and S", respec
tively. We found a size quantization effect of CdS 
nanoparticles synthesised at various values of 
[waterl/[CTAB] and [pentanol]/[CTAB]. The reverse 
micelle dimensions were determined by means of 
pulsed gradient spin-echo NMR measurements for 
all the cases examined (Cd**, S", and CdS contain
ing microemulsion). The photoreductlon of methyl-
vlologen was studied as a function of these parame
ters, as well as at different Cd** and S" molar ratio. 
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P47 
C o a l e s c e n c e in emuls ions 

B. Deminière. A. Colin, F. Leal Calderon, J. Bibette. 
Centre de Recherche Paul Pascal, Pessac, France 
We study coalescence of concentrated and mono
disperse oil in water emulsions, stabilized by non
ionic surfactants such as C12E5 or NPe. Above a 
critical temperature, coalescence proceeds in two 
steps : in the first step, coalescence occurs very fast 
and leads to a new highly monodisperse emulsion 
with larger droplets. During the second step, the 
emulsion coalesces slowly, still keeping a quite 
narrow size distribution. The temperature threshold 
above which we observe this scenario is equal to the 
nucleation of L2 phase (inverse micellar phase) in the 
continuous Li phase (direct micellar phase). The first 
stage of coalescence is consistent with a dewetting 
mechanism where L2 plays the role of an antifoaming 
agent. In the second stage, the characteristic size R 
of the droplets follows the law R"̂  ~ -Qit where to is 
the frequency of coalescence per unit surface and t 
the time. This coalescence process Is thermally 
activated and controlled by an energy barrier Eg such 
as 0)=tooexp(-Ea/kT). We study the influence of the 
different experimental parameters affecting Ea: the 
surface tension, the initial size of droplets, the oil 
volume fraction and the temperature. 

P48 
Properties and structures of lyotropic-nematic 

and lyotropic-cholesteric phases 

H.-D. Dörfler, 
TU Dresden, Dresden, Germany 
The formation of lyotropic mesophases in systems of 
tetradecyldimethylamlnoxide/water/allphatic alcohol 
was studied In dependence of the chain length of 
surfactants and aliphatic alcohols. The ternary phase 
diagrams were established. The following lyotropic 
phases were fonned by microscopic texture obser
vation: Hexagonal phase (H), lamellar phase (La), 
rodlike nematic phase (Nc) and disclike nematic 
phase (ND). The positions of the corresponding 
regions In the phase diagram were fixed. In particu
lar, the Nc- and No-phase were of special interest. 
Lyotropic-cholesteric phases were induced in the 
lyotropic-nematic phase region by adding optically 
active compounds. We have focussed our attention 
on chiral compounds. When subjected to the influ
ence of a magnetic field, the lyotropic-cholesteric 
phase shows the so-called spaghetti-like texture. 
This texture has been used for determining the pitch 
length. A linear relation between reciprocal pitch 
length and concentration of the optically active 
component was established. 
The phase behavior and their alignment In magnetic 

field of the ternary system hexadecyldlmethyleth-
ylammoniumbromide/n-decanol/water was investiga
ted by texture observations and small-angle X-ray 
scattering In order to determine shape, size and 
micellar aggregation numbers of their aggregates. 
The shape transformation of the micellar aggregates 
and changes of their aggregation number of chiral 
compound with asymmetric C-atom In the lyotropic-
nematic matrix are found. Chiral compounds with just 
one hydrophilic ligand enlarge the micellar asymme
try and induce a chiral shape of micellar aggregates. 
It seems to us that the chiral elements are located In 
the head group region of the anisotropic micellar 
aggregates and diminish their asymmetry. In this 
case the mechanism of twisting is mainly caused by 
interaction in pairs of chiral molecules of adjacent 
micellar aggregates In the lyotropic-cholesteric pha
se. Hydrophilic Inducers of hydrophobic solutes with 
ionlzable groups subjected to strong interactions with 
the electric double layer In the head group region will 
originate lyotropic-cholesteric phases whose helical 
twist sense can be inverted by changes of the 
charges distribution of the micellar Interface. 

P49 
Bilayers with variable structural sur face 

charge: the low salt c a s e 

M. Dubois. L. Belloni, and Th. Zemb 
Service de Chimie Moleculaire, CE Saclay, France. 
Cationic systems are usually made by adding anionic 
and cationic surfactants: these are quaternary 
systems, because the excess counterions are 
present as added salt. The amount excess counteri
ons, proportional to the Initial concentration of 
surfactants, act as screening ions of imposed con
centration. In orderto obtain a pure cationic system, 
the two initial molecules should have 0 H ' and H* as 
counterions. We use the system myristic acid 
(C13COOH) and CTA0H(Ci6(CH3)3N+0H. The purity 
of counterions was checked with capillary electro
phoresis. Preparing an aqueous solution of 
hydroxide and fatty acid, one obtains water mole
cules Instead of 'excess salt. Therefore, the system 
Is a ternary one. 

At equimolar concentration, one obtains only con
centrated precipitates. However, surprisingly, close 
to the equimolar point, when one of the two surfac
tants is in excess, clear solutions are obtained. 
Extremely swollen lamellar phases have been 
evidenced via small angle neutron scattering experi
ments. Giant thermodynamically stable vesicles, 
discovered by Kaler and co-workers in cationic 
systems, are obtained here In a strongly coupled 
case for the first time. Due to the absence of salt, the 
electrostatic interaction propagates at distances up 
to 1000 A. Origin of the lamellar to vesicle equilib
rium In this simple ternary system will be discussed. 
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PSO 
study of low energy emulsificatlon methods 
forthe preparation of monodisperse W/O 
emuls ions 

J. Esquena. C. Solans 
CID/CSIC, Departament de Tecnologia de Tensioactius, 
Barcelona, Spain 

The main aim of this work was to prepare monodis
perse W/O emulsions by low energy emulsificatlon 
methods to be used as reaction media for the prepa
ration of silica particles. Polydispersity and instability 
are the major limitations for the use of emulsions In 
certain technological applications. W/O emulsions 
fomi at temperatures above the HLB temperature of 
a ternary water/ nonionic surfactant/ oil system. In 
this research the system H2O/ C12E5/ Isooctane was 
chosen as model system and the HLB temperature 
was tuned by addition of isooctanol. The emulsifica
tlon methods assayed were : A) Addition of water to 
a surfactant solution in oil. B) Addition of the organic 
solvent to an aqueous surfactant solution and C) 
Changing the temperature from the HLB temperature 
to a higher temperature (HLB or PIT method). 
Emulsions prepared according to method A were 
highly polydlsperse, both particle size and polydis
persity were found to be dependent on mechanical 
stirnng. In contrast, monodisperse emulsions could 
be obtained with methods B and C and the droplet 
size distnbution was independent on the mechanical 
energy input. The influence of emulsificatlon method 
and parameters such as W/O weight ratio, surfactant 
concentration, presence of additives and tempera
ture (in method C) on droplet size distribution were 
evaluated. The results have been Interpreted ac
cording to the phase transitions induced dunng 
emulsification, that Is the changes in the natural 
curvature of the surfactant. 

P51 
Mixtures of non-ionic surfactant (C12EO2) and 
water 

S.S. Funari ' and G. Rapp ^ 
' Max-Plancl< Institute for Colloids and Interfaces, 

Teltow, Gennany 
^ EMBL - European Molecular Biology Laboratory, 

Outstation of DESY, Hamburg, Gennany 
Binary mixtures of the poly(oxyethylene) surfactant 
C12EO2 and water [1,2] have been Investigated. 
Between 48 to 70 wt% It shows a temperature de
pendence going from lamellar L„ to cubic Ia3d to cubic 
Pn3m to L2 phases. The temperature was continu
ously changed with a constant rate of either 0.5 or 1 
°C/min in the range from 20 "C to 45 °C. We per
fonned time-resolved X-ray diffraction measurements 
In order to detennine the thennal evolution of the 
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geometrical parameters of different phases, such as 
thickness of the hydrocarbon core In the lamellar 
phase and length and diameter of the rods forming the 
cubic structures. The thickness of the ethoxy groups 
was estimated to be 1 nm. At high concentrations and 
temperatures near the cloud point, equilibrium condi
tions are difficult to reach. Leading to the fonmatlon of 
a cubic phase with apparently the same structure but 
different thennal response. The transition between the 
/a2d and Pn3m cubic structures has the characteristic 
o fa Bonnet Transformation [3]. 
[1] Conroy JP, C Hall, CA Lang, K Rendall, GJT 

Tiddy, J Walsh and G Lindblom, Progr Colloid 
Po/ymSc/82:253-262, (1990). 

[2] Funari SS, and G. Rapp, J Phys Chem 
101(5B):732-739 (1997). 

[3] Funari SS, B Madler and G. Rapp, European 
Biophys J 24(5):293-299 (1996). 

P52 
Mixed micelles varying temperature by smal l -
angle neutron scattering 

y. M. Garamus'. L. A. Bulavin^ T. V. Kannazina^ 
' Frank Laboratory of Neutron Physics, Joint Institute for 

Nuclear Research, Dubna, Russia 
^ Kiev University, Ukraine 
^ Institute of Colloidal Chemistry and Chemistry of 

Water, Ukraine AC, Kiev, Ukraine 
Micellar solution of ternary systems of non-lonic/ionic 
(Triton X-100/pyridine, 1-bromo-4-tridecyl) surfac
tants in water were studied by small-angle neutron 
scattering. Formation of mixed micelles was de
tected. It was found that system behaviour versus 
temperature Is strongly dependent on the ratio bet
ween surfactant concentrations. Aggregation number 
and surface charge of micelles were calculated using 
the rescaled mean spherical approximation. 

P53 
Cosurfactant- lnduced polydispersity In water-
in-oil microemulsion: a NMR self-diffusion and 
conductivity study 

Giuseppe Colafemmina \ Gerardo Palazzo', Mauro 
Giustini l Andrea Ceglie^, Luigi Ambrosone ^ 
' Dept. Chemistry, University of Bari, Italy 
^CS-CFILM, CNR, Bari, Italy 
^DISTAAM, Molise University, Campobasso, Italy 
Four-component systems of surfactant, cosurfactant 
(generally a short chain linear alcohol), oil and water 
have many important features and are the most 
studied microemulsion systems. A detailed descrip
tion of a microemulsion can be obtained in ttie 
ternary systems using diffusion-measuring tech
niques such as Quasi Elastic Light Scattering and/or 
through the determination of the self-diffusion coeffl-
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dents of the components. In this case the simple 
dilution procedure, which minimizes the inter- drop
lets interactions, allows the determination of both the 
size and the shape of the aggregates. When a 
cosurfactant such as a short chain alcohol is added, 
dilution procedure is much more difficult since the 
continuous phase contains alcohol. Recently we 
proposed a novel approach, based on the correlation 
between conductivity and diffusion measurements, to 
define the structural features of a low-conductivity 
w/o microemulsion which avoids the use of the 
dilution procedures. Such a strategy has been 
Implemented with a careful analysis of the echo 
decay obtained in a Pulsed Field Gradient Spin-Echo 
NMR experiment, so giving information on the 
degree of polydispersity of the aggregates. By 
means of this strategy, we have investigated the 
four-components system CTAB/n-pentanol/n-hexane 
/water at constant ratio of oil and surfactant and at 
different amount of water and cosurfactant. 
At low alcohol content the system Is composed of 
spherical reverse micelles with a low degree of 
polydispersity in all the Wo range (Wo=[water]/ 
[CTAB]). Furthermore, the water has a fixed solubility 
in the organic bulk, so that the water content in the 
dispersed phase can be easily calculated. The 
surfactant resides at the interface fonning a rigid 
mixed film of known composition with the cosurfac
tant. As a consequence, the dimension of the 
droplets follows a simple geometrical model. Any
how, an increase in the alcohol concentration 
induces a relevant rise of the polydispersity of the 
aggregates, so giving a deviation of both the con
ductivity and the micellar self diffusion coefficient 
from the prediction of the geometrical model. Taking 
into account the finite width of the droplet size 
distribution (obtained from the echo decay) a com
plete characterization at molecular level of the 
modifications induced in the aggregates by varying 
the cosurfactant amount in oil rich region of the 
microemulsion at different water content has been 
achieved, 

. M, Giustini, G, Palazzo, G. Colafemmina, M. Della 
Monica, M. Giomini, A.Ceglie; J. Phys. Chem., 100 
(1996), 3190 

• G. Colafemmina, G. Palazzo, E. Balestrieri, M. 
Giomini, M. Giustini, A. Ceglie; Prog. Colloid Pol. 
Sci, 105 (1997) to be published. 
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P54 
Oscillatory structural Interactions in thin 
emulsion films containing micel les of ionic 
surfactant 

K.G. Marinova'. T.D. Gurkov'. T.D. Dimitrova', R.G. 
Alargova', and D. Smith ^ 
' Laboratory of Thennodynamics and Physlco-Chemical 

Hydrodynamics, University of Sofia, Bulgaria 
^ DOW Deutschland, Inc., Rheinmuenster, Gennany 
We study thin aqueous films sandwiched between 
two oil phases (styrene). The system is stabilised by 
anionic surfactant. These films exhibit step-wise 
thinning (stratification), due to the presence of 
micellar aggregates. By means of dynamic and static 
light scattering we detennine the hydrodynamic 
diameter and the aggregation number of the mi
celles. Interferometric measurements with emulsion 
films made in a glass capillary provide data for the 
height of the step-wise transitions in the thickness, 
and for the contact angles. Detailed Interpretation Is 
developed for films containing one layer of micelles 
inside. The contribution of the oscillatory structural 
forces to the energy of Interaction between the two 
film surfaces is calculated theoretically, with the help 
of the approach proposed recently by Kralchevsky 
and Denkov [1]. For this purpose we use an effective 
micellar size which comprises the Debye counterion 
atmosphere. The degree of lonlsation of the surfac
tant molecules in the micelles is found from 
conductivity measurements. 
Two systems are Investigated: with and without 
added NaCI (0.1 M). The experimental values of the 
contact angles In the films are observed to agree 
very well with the theoretical estimates obtained by 
summing up the van der Waals, electrostatic and 
oscillatory structural energy components. It turns out 
that the film thickness lies close to the first local 
minimum of the oscillatory energy, which corre
sponds to attraction between the two opposing 
surfaces. It is proved that the oscillatory structural 
energy dominates in the total Interaction. The addi
tion of electrolyte leads to smaller contact angles. 
Such a trend is unexpected in view of the conven
tional theory for film stability (which does not 
consider the oscillatory structural forces). Actually, at 
higher salt content the effective micellar diameter 
and the volume fraction decrease due to shrinkage of 
the electric double layer around each micelle. Con
sequently, the magnitude of the oscillatory structural 
energy diminishes by an order of magnitude, and 
therefore, the overall energy of attraction and the 
contact angle are reduced. 
[1] Kralchevsky, P.A. and Denkov, N.D., Chem. 

Phys. Letters, 240 (1995) 385. 

Posters 

59 



ECIS97 Posters Suïfactant Colloids 

P55 
Microtubuli from double chain surfactants 

Stefan Haas. Heinz Hoffmann 
University of Bayreuth, Department of Physical Chemistry, 
Germany 
Former studies of the phase behaviour of double 
chained, cationic surfactants from the homologous 
series of N-All^yl-N-Alkyl-dimethylammonium 
bromides - CxCyDIVIABr - in water, showed, that 
with increasing chainlength y the sequence of 
formed liquid crystalline structures changes from 
isotropic - nematic - hexagonal (for x = 16 and y 
= 1) to isotropic - hexagonal - cubic (for x = 16 
and y = 5) and finally isotropic - lamellar - in
verse hexagonal (for x = 16 and y = 8) for 
increasing surfactant concentrations [ 1 , 2 ] . 
Our work presented in this paper deals with the 
phase beliaviour of new surfactants from this 
homologous series with chalnlengths x = 12, 14 or 
16 and chainlengths y = 8 to 16. The synthesis of 
the used surfactants is a quaternlsation reaction of 
the alkylamin CxDMA with the corresponding 
alkylbromid CyBr In acetonitnle. The product is 
gained by removing the solvent and punfied by a 
two time recrystallisatlon In ether/methanol. The 
yields are about 90%. The phase behaviour was 
studied for temperatures between 15°C and 70°C 
for surfactant concentrations up to 70 wt.%. The 
samples were prepared in bidistilled water in NMR-
tubes and/or 10 ml test-tubes. 
For the characterisation of the formed liquid 
crystalline structures, a polarisation microscope 
was used. The micellar structure in the diluted 
regime was studied by freeze-frame transmission 
electron microscopy and differential interference 
contrast microscopy. Our investigations on the 
phase behaviour st iowed, that for all surfactants 
with a second chain y > 10, the only liquid crystal
line phase formed Is a lamellar one. It could be 
found, that already for very low surfactant concen
trations (10 mM = 0.5 wt. %) unilamellar vesicles 
are formed. The radii of the vesicles determined 
from the F.F.-T.E.M. pictures are comparable to 
those measured by dynamic light scattering ex
periments. For higher surfactant concentrations (1 
to 10 wt.%, dependant on the two chainlengths of 
the surfactant) uni- and multilamellar vesicles are 
found in coexistence with tubular lamellar struc
tures (microtubulls). The D.I.C. pictures show 
tubuli with a length of 50 n m up to some hundred 
H m. For even higher concentrations (10 to 70 
wt.%) all investigated surfactants form the classical 
La -phase with planar bilayers. Beneath the phase 
behaviour, surface and interfacial tension meas
urements against n-decane (dilute surfactant 
solutions) as well as conductivity and viscosity 
measurements (whole concentration region) were 

earned out. Some dependencies on the length of 
the alkylchains were found. 
[1] G.Hertel, Ph.D.thesis University of Bayreuth, 1989. 
[2] G.Hertel, H.Hoffmann, Uq. Cryst 1989, 5, 1883¬

1898. 

P56 
Lipid mediated protein-protein interaction 

Martin Hoffmann' and Sylvio May^ 
' Institut für Biochemie und Biophysik, Friedrich-Schiller-

Universitat, Jena, Genmany 
' Department of Physical Chemistry, Fritz Haber 

Research Center, Jerusalem, Israel 
Protein-protein Interaction Is one of the most current 
topics in biophysics and colloidal sciences. It is a 
keystone for understanding protein aggregation, lipid 
domain and ion channel fonnation and leads to a 
better knowledge of cell function ([1-3] and refer
ences therein). 
We investigate unspecific lipid mediated interactions 
induced by a hydrophobic mismatch between trans
membrane proteins and their embedding lipid bilayer 
Our model Is based on earlier work by D.R. Fattal 
and A. Ben-Shaul [1] but being a three-dimensional 
model. It provides a free, i.e., nonparametric surface 
and a simulated protein and lipid movement. Chain, 
interfacial and headgroup repulsion temns are 
accounted for by using mean-field chain statistics 
and the opposing forces model. The results obtained 
are compared to those of [1] and recently published 
continuum based theones [2,3]. 
[1] D.R. Fattal, A. Ben-Shaul, Bioptiys. J.. 65, 1795¬

1809 (1993). 
[2] H. Aranda-Espinoza, A. Berman, N. Dan, P. 

Pincus, S.A. Safran, Bioptiys. J., 71, 648-656 
(1996). 

[3] P.A.Kralchevsky, V.N. Paunov, N. D. Denkov, 
K.Nagayama, J. Cliem. Soc. Faraday Trans., 91, 
19, 3415-3432 (1995). 

P57 
P h a s e behavior of the polyoxyethylene 
dodecyl ethers in water and water-oil s y s t e m s 

Kuo-Luen Huano. Hironobu Kunieda 
Graduated School of Engineering, Yokohama National 
University, Yokohama, Japan 

The phase behavior of polyoxyethylene-type non
ionic surfactants Is largely influenced by temperature 
change, because the surfactants tend to be lipophilic 
at higher temperatures due to the confonnatlonal 
change in the polyoxyethylene chain. For this rea
son. In most of previous studies, the phase diagrams 
were constructed as a function of temperature. In the 
present study, we constructed the phase diagram of 
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the polyoxyethylene dodecyl ether/water system as a 
function of the EO chain length at 25 °C in order to 
understand the relation between HLB(Hydrophlle-
Lipophile Balance) of the surfactants and fonnation 
of self-organizing structures. Self-organization is 
observed, i.e. that Isotropic-dlscontinuous-cubic 
phase ( I I ) , hexagonal (HI ) , normal-bicontlnuous-
cublc phase (V1) and lamellar(La) and reversed-
bicontinuous-cublc phase (V2) fonn. We will discuss 
about the fonnation of the self-organizing structure In 
terms of HLB of surfactant ( or the volume fraction of 
EO chain in the surfactant) and the surfactant 
concentration in the system. 

Furthermore, the effect of added oil (decane or m-
xylene) on the phase behavior was investigated. The 
volume fraction of the hydrophobic group of the 
surfactant in the surfactants + water systems was 
fixed and the phase diagrams of the wa
ter/surfactant/oil systems were constructed as a 
function of oil content. It is considered that small and 
relatively polar m-xylene molecules intrude in the 
lipophilic part of surfactant layers In self-organizing 
structures. This tendency causes the increase In 
lipophiliclty of the Interfacial layer In the given sys
tem. The difference of the effects of two kinds of oils 
will be discussed. The detailed change in self-
organizing will be measured by means of SAXS. 

P58 
P h a s e behaviour of polyoxyethylene modified 
si l icone with water 

Tetsurou Iwanaga', Yoshiki Shiogai', Hironobu Kunieda^ 
' Shiga Central Research Laboratory, Noevir Co.,LTD, 

Shiga, Japan 
^ Graduate School of Engineering, Yokohama National 

University, Yokohama, Japan 
Polyoxyethylene modified silicones are widely used 
as emulsifying agents or detergents. The phase 
behaviour of a senes of commercial polyoxyethylene 
modified silicone of comb-shaped structure with 
water has been studied over the temperature range 
0-100 °C. The surfactants used were EO-PO, EO-1 
and EO-2 (see Fig. l ) . The HLB numbers of these 
surfactants were 7.5, 13 and 6, respectively. In EO-
PO -water system, no mesophases were observed 
over all concentrations in the temperature range 0 to 
100 °C. The cloud point is 36.5 °C. In EO-1 -water 
system, the normal hexagonal liquid crystal was 
observed over the range of 55-65% surfactant 
concentration. In EO-2 -water system, the reverse 
hexagonal liquid crystal was observed over the range 
of 50-90% surfactant concentration. In a dilute 
region, the reverse hexagonal liquid crystal coexists 
with water. The effect of these surfactants on the 
phase behaviour were also discussed. The total 
surfactant concentration (EO-1 + EO-2) was fixed to 
10% and 60% and the mixing ratio was taken as a 

function. The phase sequences were micellar / 
lamellar phase / reversed hexagonal phase with 
increasing the ratio of EO-2 at 10% total surfactant in 
the system. The phase sequences were hexagonal 
phase/cubic phase/lamellar phase/reversed hexago
nal phase with increasing the ratio of EO-2 at 60% of 
total surfactant. 

CH3 /CH3\ 

C H 3 - S i O -
I 

CH3 

SiO-
> I 
\CH3 | 

ƒCH3 \ CH3 

S i O - l — S i — C H 3 

\c3H6/„ ^ CH3 
I 

(OC2H4)a(OC3H6)bOR 

Fig.1 The structural formula of commercial poly
oxyethylene modified silicone. EO-PO: m=50 to 100, 
n=3 to 10, a=20 to 30, b=20 to 30, R=CH3 
EO-1: m=3 to 10, n=1 to 5, a=10 to 17, R=H 
EO-2: m=20 to 70, n=1 to 5, a=7 to 15, R=H 

P59 
Synthesis and properties of oligomeric 
azobenzene amphiphiles 

Tomasz Kovlecki. Kazimiera A. Wilk 
Institute of Organic and Polymer Technology, Technical 
University of Wrocaw, Poland 
The semi-rigid azobenzene unit, Incorporated Into 
the amphiphilic molecule, modifies strongly Its 
surface properties. On the other side the photo
chemical and photophysical behaviour of N=N 
chromophore Is strongly dependent on polarity and 
viscosity of microenvironment. The main purpose of 
the present contribution was to synthesise and 
characterise a new group of nonionic amphiphiles, 
containing one or more N=N groups (abbreviated as 
C8(PheN=N)mPheM(Me)EnMe) of a general structure 
given below: 

C R H . -N 

\ N(CH2CH20)nCH3 

CH, 

m = 1 , 2 , 3 ; n = 1,8 
The synthetic route leading to 

C8(PheN=N)mPheM(Me)EnMe's utilised the conden
sation of diazonium chlonde with an appropnate 
aniline. The compounds were identified by means of 
the ' H NMR, " C NMR, UVA/IS, IR, and APCI-MS 
techniques. The aggregation behaviour of the 
synthesised compounds was studied in water and 
carbon tetrachlonde by means of the UVA/IS and ' H 
NMR spectroscopy. The spectral charactensatlon 
comprised fluorescence and absorption spectra, and 
thermodynamic and kinetic parameters of the trans -
cis photolsomensatlon and the reversible thermal 
process, both in aggregated and homogeneous 
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media. We tiave also perfomied calculations of non
linear optical (NLO) properties of selected com
pounds using ttie MOPAC softvi/are. The data 
obtained indicate that C8(PheN=N)n,PheH/I(Me)EnMe 
are very promising NLO matenals. 

P60 
Effect of fluctuating dipole moment of a droplet 
on dielectric polarization of ionic 
microemulsions 

Nick Kozlovich. Alexander Puzenko, Yuriy Alexandrov, 
and Yuri Feldman 
The Hebrev\/ University of Jerusalem, Israel 
A statistical model of the dielectric polarization in 
diluted ionic water-in-oil microemulsions Is proposed. 
The model explains expenmentally observed in
crease of the static dielectric pennittivity far below 
percolation as a function of volume fraction of the 
dispersed phase and temperature. Below the perco
lation region the microemulsions consist of sphencal 
single nanosized droplets with water in the central 
core surrounded by a layer of surfactant molecules 
and immersed in the continuous oil phase. The 
dielectnc model is developed within the assumptions 
that droplets are sphencal, non-interacting and have 
an equal size. The negatively charged surfactant 
heads stay at the interface and positive counterions 
are distnbuted in the droplet interior. 
It is shown that the value of the apparent dipole 
moment of a droplet and the corresponding value of 
the dielectnc increment depend on the equilibrium 
charge density distnbution of counterions within 
microemulslon droplets. This distnbution is calcu
lated from the solution of the Polsson-Boltzmann 
equation. The distnbution of countenons Is deter
mined by the degree of dissociation of the ionic 
surfactant. Relationships between the constant of 
dissociation and the experimental dielectric permit
tivity are ascertained. With the help of this model the 
microemulsion fonned with surfactant sodium bis(2-
ethylhexyl) sulfosuccinate (AOT) have been investi
gated. The dissociation of the ionic surfactant in the 
microemulsion have been analyzed quantitatively. 

P61 
Highly concentrated fluorinated emulsions: 
viscoelasticity and formation 

A. Lanaenfeld', F. Lequeux^ M.J. Stebe\ V. Schmitt' 
' Université Henri Poincaré Nancy I, Vandoeuvre-les-

Nancy, France 
^ Université Louis Pasteur Strasbourg I, France 
The system under study Is a highly concentrated 
water in oil emulsion. The emulsion is prepared by 
progressively incorporating water in the perfluorode-
calin/fluorinated surfactant blend under mechanical 

stirring. The emulsions can content very high water 
volume fractions (up to 99%) and are amazingly 
stable. 
Because of their very dense packing they exhibit 
viscoelastic properties. We show that the elastic 
modulus goes tlirough a maximum as a function of 
water volume fraction. This elastic modulus can be 
related to the specific surface of the water droplets 
[1]. Hence, by studying both the rheological behav
iour and their structure under shear via SANS (small 
angle neutron scattering), we can locate the surfac
tant and therefore follow the emulsification process. 
We will show that low shear rates promote the 
ageing whereas strong shear rates help the emulsifi
cation. 

[1] H.M. Princen J. Colloid Interface Sci. 91 160 
(1983) 

P62 
Epltropic liquid crystal condition of organic 

liquids 

V.N. Matveenko, V.A. Levchenko 
Department of Chemistry, H/loscow State University, 
Russia 

A new condition of wall adjacent organic liquid 
layers, that Is an epltropic liquid crystal one, is 
considered the organization and properties of which 
differ from traditional nematic liquid crystals by its 
structural S-order parameter, space limitedness and 
fonnation mechanism. The organization and proper
ties of epltropic liquid crystals (ELC), that Is of 
epltropic mesophases, appearing on the lyophylic 
solid substrates of liquid boundary layers are under 
the joint action of the field of both the long-range 
surface forces from solid substrate and anisotropic 
Intermolecular interaction and the short-range 
surface forces that are determined by the concentra
tion and type of active centers on solid surface. The 
unique methods and the results of the above investi
gations are given In detail. The methods are 
discussed for the investigation of ELC layers orienta
tion parameters. An analysis is given to ELC layers 
(structure and Influence of different factors on it). The 
peculiarity is shown in the formation of the epltropic 
liquid crystals condition of polar organic liquids with 
the molecules containing benzene rings. It is estab
lished that In the epitropic liquid crystal layers, that is 
in epitropic mesophases, ttiere exists a secondary 
structural orientational transition, the dimension and 
direction of which depend on the dipole-dipole 
composite of the organic liquids dispersion forces. In 
conclusion the prospects of experimental and scien
tific research of organic liquids ELC layers and their 
application are discussed. 
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P63 
Molecular structure and mesomorphic proper
ties of new liquid crystall ine composit ions with 
non-mesomorphic component 

V.N. Matveenko, V.A. Levchenko. A.A.Manko 
Department of Chemistry , Moscow State University, 
Russia 

Properties of liquid crystalline compositions are of 
great interest because of their practical applications 
(e.C. based on the Increasing of the temperature 
Interval of mesophase existence) as well as their 
theoretical significance for the further understanding 
of the mesophase nature and properties Physical 
investigations of such systems based on the principle 
of state diagrams of condensed matter and on the 
highly sensitive optical methods capable of detecting 
optical phase differences up to IO"* ad. The latter 
methods are of Interest in case of determining the 
surface order parameter and other parameters 
characterizing the surface alignment. Research of 
phase transitions and some surface properties In the 
compositions of nematic LC (5-cyan-byphenyl) with 
non-mesomorphic component, (p-hidroxyphenyl)-
methylethylketone, known as trade aromatic princi
ple, "raspbeny ketone" was carried out by means of 
DSC, Polytemperature Polar Microscopy and Interfe
rometry In wide temperature Interval (0-800C) with 
contains of aromatic principle varied from 10 to 50 
mole per cents. Phase diagrams obtained by us have 
narrow areas of components co-existence in nematic 
and Isotropic phases, eutectic points that we believe 
appeared due to fonnation of complex compound 
between components. These objects are suggested 
for obtaining the effect of "controlled smell" in case of 
convenient LC concentrations and temperature 
range as the base idea for new high technology. 

P64 
Molecular mechan isms of stabilisation of 
nonionic micellar s y s t e m s 

Vladimir Lobaskin, Nikolai Smirnov 
Chelyabinsk State University, Chelyabinsk, Russia 
In the present work we report numerical simulation 
results concerning stability of nonionic micellar 
solutions with respect to hypermlcellar aggregation. 
According to the Hill's approach, we consider single-
phase micellar solution as a two-component system, 
where the solvent consists of water plus monomer 
and the micelles forni the solute. To simplify the 
model, we assume micelles to be monodisperse with 
a single aggregation number Independent on con
centration. Hydrated micelles are considered as 
hard-cored particles with the constant diameter and 
the state-dependent potential of mean force [1]. The 
mean force of Intermicellar interaction Is taken to be 

the sum of the two components corresponding to van 
der Waals force and molecular protrusion repulsion 
combined with hydration. The polar head protrusion 
component is based on the idea by Aniansson 
developed by Israelachvlll and Wennerström [2]. We 
modify their model with the correction accounting for 
hydration. We suppose that effect of hydration 
amounts to increasing volume of the amphiphile 
polar heads and does not affect the dispersion force 
between micelles. Degree of hydration Is supposed 
to be proportional to the Boltzmann factor exp(Q/kT), 
where Q is the activation energy for solvent molecule 
hydrogen-bounded to polar group. The qualitative 
analysis shows that the phase behaviour of the 
micellar solution under variation of temperature is 
driven by the two mechanisms Included in the 
Interaction. On the one hand, the hydration lessens 
on heating and the stability of the system decreases. 
On the other hand, there exists an opposite tendency 
to Increasing the stability as a result of growing 
protrusion fluctuations. In practice we may meet both 
these trends together or observe them separately. 
For phospholipid systems with relatively small hydro-
phlllc-lipophillc balance the increase of stability with 
temperature is normally detected. On the contrary, 
ethyleneoxide surfactants with long polar heads 
exhibit phase separation on elevating temperature. 
Besides, some amphiphilic systems may demon
strate the successive regions of domination of these 
mechanisms separated by the region of instability. 
We used the developed model to study the signifi
cance of different parameters of the potential of 
mean force for stability of micellar solutions of 
ethyleneoxide surfactants (CIEOj), For calculation of 
the micelle-micelle pair distribution function and the 
osmotic compressibility of the solution we performed 
Monte Cario simulation and solved the integral 
equation for correlation functions with the PY clo
sure. All the simulated solutions undergo the phase 
separation into two micellar phases on heating. It Is 
established that the lower critical temperature of 
phase separation Is sensitive to variation of the 
number of polar head segments or number of hydra
tion of the amphiphile molecule. Decrease in the 
number of ethyleneoxide groups In the molecule 
leads to the critical temperature drop and to the 
widening the temperature interval of the two-phase 
region. The calculated critical temperature shifts are 
in accordance with the experimentally observed 
values for these systems. 

[1] V.A. Lobaskin and V.K. Pershin, Mol. Materials. 5 
(1995) 29 

[2] J.N. Israelachvlll and H. Wennerström, 
J.Phys.Chem., 96 (1992) 520 

63 



ECIS97 Posters Surfactant Colloids 

P65 
Interaction of photosynthetic reaction centers 
with hydrophobic quinones in reverse micelles 

Antonia iVIaiiardi', Gerardo Palazzo^, Giovanni Venturoli^ 
' CS-CFILM, CNR, Bari, Italy 
^ Dept. Chemistry, University of Bari, Italy 
^Dept. Biology, tJniversity of Bologna, Italy 
In photosynthetic and respiratory electron transfer 
chains the quinones play a relevant role as media
tors of vectorial electron and proton transport. The 
comprehension of the different equilibrium of binding 
and of the electron transfer features at the quinone 
catalytic sites Is the key to obtain Insight Into the 
mectianism of the efficient capture and storage of 
free energy In photosynthesis and respiration. 
Despite the Importance of the quinone-protein 
interaction, little Is known on the physico-chemical 
features of the overall binding processes. This is In 
part due to the extreme hydrophobicity of the integral 
membrane protein and of the native quinones, that 
can be solubilized In aqueous systems only by 
substitution of the membrane phospholipids with 
detergent molecules. In these microheterogeneous 
systems both the equilibrium and the kinetics of 
quinone binding are strongly influenced by the 
structure and dynamics of the surfactant aggregates. 
In the presence of a topologically disconnected 
lipophilic domain and of a continuous aqueous bulk, 
assumptions on the quinone activity coefficients must 
be made, and a distinction between the contribution 
of hydrophobic effect and direct proteln-quinone 
interaction to the binding Is required. For these 
reasons the present investigation has been per
fonned In reverse micellar solutions of phospholipids 
in n-hexane In order to have a system characterized 
by a continuous lipophilic bulk where the strong 
interfering contributions of quinone aqueous desol-
vation effects are absent and the anisotropic and 
amphipatic nature of biological membranes is pre
served, as well as, the functionally relevant interface 
between phospholipid head groups and water The 
photosynthetic reaction center from the bacterium 
Rhodobacter sphaeroides has been solubilized In 
reverse micelles of phospholipids In n-hexane. The 
rate of the charge recomljination from the secondary 
quinone acceptor (QB) to the bacteriochlorophyll 
dimer (P) has been investigated, by flash absorption 
spectroscopy, as a function of the concentration of 
ublqulnone-10 at different temperature. Deconvolu
tion of P+ decay shows that. In reverse micellar 
solutions, quinone molecules are in fast exchange 
between the QB site of the protein and the bulk 
organic phase. Global analysis of the kinetics of 
charge recombination pennits to properly separate 
the contribution of the binding at QB from that of the 
electron transfer between the primary and secondary 
quinone. Enthalpy and entropy changes obtained for 

the electron transfer process are in agreement with 
previous evaluations In detergent suspensions of 
reaction centers. Thermodynamic parameters of the 
enthalplcally driven quinone binding at QB compare 
favorably with data In aqueous systems when 
considering a free energy change of about -4.77 
kJ/mol for the transfer of ublqulnone-10 from a direct 
detergent micellar phase to a n-hexane reverse 
micellar solution. The results of the present study 
Indicate that reverse micelle solutions provide a 
powerful tool In investigating. In vitro, the interaction 
of integral membrane proteins with hydrophobic 
cofactors. 

. Agostiano, L. Catucci, M. Della Monica, A. Mallardi, 
G. Palazzo, G. Venturoll; Bioelectroctiem. Bio-
energ., 38, (1995), 25. 

. Mallardi, G. Palazzo, G. Venturoll; J. Phys. Chem., 
submitted. 

P66 
Magnetic tubules 

Christine Menager', Damien Lettellier', Valerie Cabuil', 
Olivier Sandre^ Michel Lavergne^, 
Université Pierre et Marie Curie, Paris, France, 
' Lab. L.I.I.C., ^ Lab. A.O.M.C., 
^ Groupement Regional de Mesures Physiques 
Some phospholipids, with diacetylene units in their 
hydrocarbon chains, as DC8,9PC, self organize in 
water producing micrometric tubules If temperature Is 
below the chains melting temperature. We have 
mixed these tubules with aqueous dispersions of 
nanometric magnetic nanoparticles (ferroflulds) and 
studied their behavior In a magnetic field, as a 
function of the sign of the magnetic particles. It 
appeared that the tubules dispersed in a magnetic 
fluid in any case orientate along the direction cf an 
applied magnetic field of modest intensity (below 
0.08 Tesla) and follow a rotating magnetic field. In a 
magnetic field gradient, the way the tubules move is 
function of their magnetic susceptibility and appeared 
to be function of the sign of particles surface 
charges. Electron microscopy allows to Interpret 
these experiments: anionic particles do not Interact 
with tubules surface, although cationic particles stick 
to the membrane and seem to fill the tubules. In both 
cases, the transition tubules-vesicles is strongly 
affected by the presence of magnetic particles. 
These results again illustrate the possibility to use 
magnetic fluids either as an "inert" medium for the 
orientation of biological species or as agents for 
modification of self-assemblies of phospholipids In 
order to obtain magnetic hybrid organic-inorganic 
objects. 
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Square l iposomes 

Christine Menager', Jerome Frost', Valerie Cabuil ', 
Olivier Sandre ^, Jean-Claude Bacri ^, Andrei Cebers ̂  
Université Pierre et Marie Curie, Paris, France 
' Lab . L I . I . C ^ L a b . A . O . M . C , 
^ Latvian Academy of Sciences 
Giant magnetic liposomes have been synthesised 
through encapsulation of an aqueous dispersion of 
magnetic nanoparticles (fenrofluid) in DOPC lipo
somes. We present new results conceming the 
magnetic behaviour of these objects. Submitted to a 
constant magnetic field, liposomes elongate. Mag-
netophoresis experiments have also been perfonned 
and allow to estimate the volume fraction of magnetic 
material In the liposomes. Experiments In an alter
nating magnetic field and In a rotating magnetic field 
will be presented. For some special experimental 
field conditions, deformation of liposomes leads to 
original shapes and square liposomes have been 
observed. Theoretical models will be proposed to 
explain these results. 

P68 
Zwitterlonic and monofunctional block-

copolymers In a selective solvent studied by 

S A N S 

E. Mendes'. U. Wiesner^ V. Schadler^ P. Lindner^ 
' Laboratoire de Dynamique des Fluides Complexes, 

Strasbourg, France 
^ Max-Planck Institut für Polymerforschung, Mainz, Gennany 
^Institut Laue-Langevin, Grenoble, France 
Solutions of block-copolymers containing ionic 
groups at the chain end In a selective solvent condi
tion are Investigated using small-angle neutron 
scattering (SANS). The molecules considered are 
polystyrene-polyisoprene (PS-PI) block-copolymers 
In di-methyl acetamide which Is a very bad solvent 
for the PI block. At low concentrations, block
copolymer micelles with a PI core are formed. At 
ambient temperature, the PI core Is liquid and this 
ensures thermodynamic equilibrium. Three charged 
systems are studied : 1) sample S - polystyrene-
polyisoprene (PS-PI) block-copolymers containing a 
sulfonate ionazable group at the PI end (non-soluble 
block) ; 2) sample Q - another monofunctional PS-PI 
block-copolymer containing, this time, a quaternized 
amine at the PS end (swollen polymer shell) and 3) 
sample Z - zwitterionic (PS-PI) block-copolymers with 
ionlzable groups of opposite charges at each chain 
end. Symmetrical PI/PS blocks (12k/12k) and asym
metrical PI/PS ones (12k/35k) are considered. The 
results for the systems containing electric charges 
are systematically compared to those of neutral di
blocks of same molecular masses and block sizes. 

Surfactant Colloids 

The aggregation number of the charged micelles Is 
smaller than that of the neutral micelles. Micelles 
formed by zwitterionic copolymers (sample Z) 
present an aggregation number which is higher than 
that observed for micelles fonned by monofunctional 
block-copolymers containing ionic groups at the core 
(sample S). This effect Is due to self-screening Inside 
the "zwitterionic" micelle. Screening of electrostatic 
Interactions by addition of salt to the solutions is also 
Investigated. In the presence of a saturating quantity 
of salt, samples S and Z scatter less at very small 
angles than the equivalent (PS/PI) neutral micelles. 
Detailed analysis of the spectra indicates that poly
mer containing charges at the PI end form micelles In 
which the charges are placed at the core surface. 
This requires a folding of the PI block inside the core 
and when salt Is added, the charges remain In the 
surface of the core but screened by the presence of 
salt. The "loop" of the PI chains Inside the core still 
remains, giving rise to a lower aggregation number. 
Finally, even for low polymer concentrations, the 
presence of electric charges Induces some order in 
the solution. The structure of the solutions for a 
broad polymer concentration range, around the 
overiapping concentration c*. Is also studied and 
compared to that of analogous neutral micelles. 

P69 
Interactions between surfactant mixtures and 
cationic starch 

Juha Merta and Per Stenius 
Helsinki University ofTechnology, Laboratory of Forest 
Products Chemistry, Espoo, Finland 
Cationic starch (CS) forms complexes with anionic 
surfactants (alkanoates, sodium dodecyl sulphate 
etc.) in dilute aqueous solution. At surfactant con
centrations corresponding to surfactant/CS charge 
equivalence, a hydrophobic complex phase (gel) 
separates. The water content and viscosity of the gel 
depend on the hydrophobic/hydrophillc balance of 
the surfactant. It therefore of interest to understand 
how complexation and gel fonnation are affected by 
surfactant mixtures. 
Surface tension and viscosity measurements were 
used to Investigate micelllsation of mixed anionic 
surfactants and CS/surfactant interactions. Charge 
and structure of the complex phases was studied by 
determination of electrophoretic mobility, phase 
equilibria and the rheology of the gels. 
Micelllsation in systems of different chain length 
having anionic surfactants shows a distinct syner
gism when the molar ratio of the long-chain to short-
chain soaps Is - 3 : 1 . This is due to optimal packing of 
the surfactant monomers In mixed micelles. The 
Interaction between surfactant mixtures and CS 
results in phase separation at very low concentra
tions. The Interaction is governed by the more 
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hydrophobic surfactant. The gel always contains 
more long-chain than short-chain surfactant. The 
water content of the gel Increases and the viscosity 
decreases when the fraction of the short-chain 
surfactant increases. Reduction of the molar mass of 
the starch does not affect the Interactions, but 
marl<edly reduces the viscosity of the gel. 
The results are Interpreted In terms of current theo
nes of mixed micelle formation. They show that the 
unldeal Interaction parameter is particulady strong 
when the molar ratio of the long- and short-chain 
surfactants is - 3 : 1 . 

P70 
Dielectric permittivity of f locculated emulsion 

N.A. IWishohuk 
Institute of Colloid and Water Chemistry ofthe National 
Ukrainian Academy of Sciences, Kiev, Ukraine 
It is well known that many emulsions even at low 
concentration of disperse phase are flocculated. 
However, the dependence of dielectnc permittivity on 
the aggregative state of emulsions Is Investigated 
insufficiently. In the same time the investigation of 
this dependence represents not only scientific 
interest, but also practical one, because dielectnc 
method may be used for definition stability different 
emulsions without their destruction. 
Our research was earned out In simplest case, when 
surface electric characteristics of drops (electric double 
layer) may be neglected. The example of such emul
sion Is water in oil with very small value of surface 
charge or It absolute absence. However, owing to the 
existence of adsorption layers of non-lonogenic sur
factant the coagulation without a coalescence occurs. 
Our object is the investigation the main tendencies of 
the change of dielectnc pennittivity In the condition of 
aggregation with appearance of flocula with different 
fonns. The theoretical analysis was earned out for 
following states of system: a) without aggregation; b) 
for spherical aggregates with different volume part of 
water ; e) for spheroidal aggregates; d) with fonnation 
of bilayers system: layer of water and layer of oil; layer 
of oil and layer of emulsion without aggregation; layer 
of water and layer of aggregate with different fonns. 
The theoretical results were received for low-
frequency and high-frequency limits. 
The received results may be used also for Interpreta
tion of aggregation state of dispersion with solid 
unchanged particles. 

Conductlmetric and rheological properties in 
the Ll phase of Ci2E4 /CPyCI/benzyl 
alcohol/water sys tem. 

Gemma Montalvo. Elvira Rodenas and M. Valiente 
Dpto. Quimioa Fisica, Universidad de Alcala, Alcala de 
Henares (Madrid) Spain 

The phase diagram of the Dodecyl Tetraethylenegly-
col (Ci2E4)/Benzyl AlcoholAA/ater system was already 
studied at 25 "C, showing the phase sequence La, 
La/L3, L3, L3/L by Increasing the alcohol content, at a 
constant C12E4 concentration. The Incorporation of a 
small amount of Cetylpyridlnlum Chloride (CPyCI) In 
this system produces strong changes In its phase 
behavior. In this communication, we present the 
phase diagram of the Ci2E4/CPyCI/Benzyl Alcohol 
AA/ater system at [C12E4] = 50 mM and low cationic 
surfactant and alcohol concentrations. With a con
stant amount of alcohol, by Increasing CPyCI 
concentration, different phases appear with the 
sequence La, 2f, Li. The Isotropic micellar solution, 
Ll phase. Is large and It has been characterized by 
conductivity and rheological measurements. The 
conductivity Increases with CPyCI concentration and 
It Is almost Independent of benzyl alcohol content. 
The flow rheological experiments show that samples 
with a cationic surfactant content higher than 2 mM, 
behave as Nevirtonlan viscous fluid. The rest of the 
samples, at low shear rate have a constant zero-
shear-rate viscosity, Ilo, but the viscosity values 
decrease at higher shear rates. The zero-shear-rate 
viscosities are dependent on the composition. With a 
constant CPyCI concentration, rjo viscosity values 
decrease with the benzyl alcohol concentration until 
they reach a constant value. At a fixed benzyl alcohol 
content, the dependence of rio with cationic surfac
tant concentration Is complex. 

P72 
P h a s e behavior of polyoxyethylene oleyl ether 
in water and in water-oil 

Kazuyo Ozawa \ Kazuki Shigeta \ Masao Suzuki ,̂ 
Hironobu Kunieda' 
' Graduate School of Engineering, Yokohama National 

University, Yokohama, Japan 
^ Oleochemioal Research Laboratory, NOF Corporation, 

Amagasaki, Japan 
Phase diagrams of water - polyoxyethylene - type 
nonionic surfactant systems were usually determined 
as a function of temperature because these surfac
tants become lipophilic with Increasing temperature. 
Since liquid crystals tend to melt at high temperature. 
It is difficult to find the reverse type of liquid crystal 
(for example reverse hexagonal liquid crystal) In the 
binary systems. In order to solve these problems, we 
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constructed the phase diagram of water-
polyoxyethylene oleyl ether system as a function of 
oxyethylene chain at 25 C. The present nonionic 
surfactants have highly pure oleyl group (99.7 %) 
and their melting temperature Is low. Although oleyl 
surfactants of different polyoxyethylene chains are 
mixed to construct the phase diagram. It Is consid
ered that the phase diagram Is not largely influenced 
by the distribution of oxyethylene chains except in a 
extremely dilute region. In the phase diagram the 
phase behavior Is very rich, and lamellar and hex
agonal liquid crystals, several cubic phases, a 
sponge ptiase, and even reverse hexagonal liquid 
crystal appear The correlation between HLB (hydro-
phlle-lipophile balance) of the surfactant or the 
spontaneous curvature of the surfactant layer and 
the phase behavior Is discussed. Effect of added oil 
on the phase behavior In the oleyl surfactant-water 
system is also discussed. 

P73 
Water diffusion in polymer-like reverse 
micelles 

Ruggero Angel ico\ Gerardo Palazzo', Giuseppe 
Colafemmina', Mauro Giustini^, Andrea Ceglie^ 
' Dept. Chemistry, University of Bari, Italy 
' CS-CFILM, CNR, Bari, Italy 
^DISTAAM, Molise University, Campobasso, Italy 
Among the many complex structures Into which 
surfactant molecules spontaneously assemble In 
solution there are wonnllke micelles. These are 
cylindrical micelles of such great lengths to be 
flexible and coil-like, much more similar to conven
tional polymer molecules (indeed they are also 
defined as polymer-like micelles). Above a crossover 
concentration, c*, these worm like micelles can then 
entangle and form a transient network with static 
properties that are comparable to those of semidilute 
solutions of flexible polymers. Just like conventional 
entangled polymer solutions these systems are 
highly viscoelastic and their rheology has been the 
object of a substantial research effort. Entanglement 
networks of wormlike surfactant micelles differ from 
polymer networks In that the chains can break and 
recombine, as well as grow with monomer addition. 
Furthennore In micellar networks, the polydispersity 
Is a function of the system composition and of the 
temperature. These solutions were used as model 
systems for an experimental investigation of the 
static and dynamic properties of "living polymers" 
(i.e. linear macromolecuies that can break and 
recombine). One of the most exhaustively studied 
systems are lecithin/organic solvents/water solutions, 
where the fonnation of gel-like viscoelastic solution 
can be observed. It has been finnly established that 
polymer-like properties are due to a water-induced 
one dimensional micellar growth into very long and 
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flexible cylindrical reverse micelles. The resulting 
supramolecular aggregates should be made of 
cylindrical lecithin film filled with water molecules and 
surrounded by the organic solvent. The contour 
length, L, of these wonnllke micelles Is extremely 
large (on the micrometer range depending on [wa-
ter]/[leclthln] and lecithin concentration). These 
features together with the micellar water properties 
which are close to those of neat water, suggest that 
the water displacement should be related not only to 
the motion of the whole thread-like aggregate but 
also to Its static (contour length and flexibility) and 
dynamic (micellar life time) properties. In other 
words, the measured water displacement (much 
larger than the mean length of the elementary jumps 
of water molecules diffusion) should be strongly 
Influenced by the elementary steps of the wormlike 
micelle diffusion. We have measured the water self-
diffusion coefficients by means of pulsed field gradi
ent spin echo (PFGSE) NMR in the system 
lecithin/cyclohexane/water at different lecithin con
centration and molar ratio [water]/[leclthin] (Wo). The 
dependence of water diffusion on the lecithin con
centration and Wo was Interpreted In terms of water 
motion inside the reverse micelles and inter-mlcellar 
water exchange. 

[1] P. Schurtenberger; Chimica, 48,(1994), 72 
P. Schurtenberger, C. Cavaco; Langmuir, 
10,(1994),100 

[2] R. Angelico, G. Colafemmina, M. Della Monica, 
G. Palazzo, M. Giustini, A. Ceglie; Prog. Colloid 
Pol. Sci., 105, (1997) to be published 

P74 
Colligative properties of polypropylene amine 
dendrimers of DSM in methanol. 

I.B. Rietveld. G.J.M. Koper, J.A.M. Smif 
Leiden Institute of Chemistry, Leiden University, The 
Netheriands 

DSM has developed the dendrimer dlamlnobuta-
nepoly(propylene amine), that can be easily 
synthesised in large quantities. This dendrimer can 
be obtained in the generations 1 up to 5, differing In 
amine endgroups from 4 up to 64. Because It Is very 
interesting to study such highly branched oligomers 
and because Its behaviour in general Is not clear yet, 
we have investigated the colligative properties of this 
dendrimer In methanol. Therefore vapour pressure 
osmometry and static light scattering were used. 
The molar masses and the second virial coefficients 
of the different generations have been obtained. 
Furthennore we have tried to compare these data 
with the universal curves of soft and hard sphere 
behaviour 
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P h a s e transition between hexagonal-lamellar-

reverse hexagonal liquid crysta ls in 

polyoxyethylene oleyl ether in water 

Kazutd Shigeta', Kazuyo Ozawa ', Masao Suzul^i ^ 
Hironobu Kunieda' 
' Division of Artificial Environments Systems, Graduate 

School of Engineering, Yokohama National University, 
Yokohama 240, Japan 

^ Oleochemioal Research Laboratory, NOF Corporation, 
Amagasaki, Japan 

Phase transition from hexagonal liquid crystal to 
lamellar liquid crystal was investigated by changing 
the polyoxyethylene chain length at constant tem
perature. The surfactant contains highly pure oleyl 
group (more than 99.7%). The change In Intedayer 
spacing of each liquid crystal was determined by 
small-angle x-ray scattering (SAXS) at constant 
volume fraction of lipophile (oleyl) group In the 
system at 25C. The volume fraction of lipophilic 
chain (oleyl group) in the system Is kept constant 
(4:1). The Interiayer spacing in hexagonal liquid 
crystal gradually Increases with decreasing poly
oxyethylene chain and jumps to a high value for 
lamellar liquid crystal at the transition point. If it is 
assumed that hexagonal liquid crystal consists of 
Indefinitely long rods, the radius of the rod increases 
and approaches the length of oleyl chain In the 
extended form at the transition point However, the 
thickness of the lipophilic part in the lamellar liquid 
crystal Is much shorter than that In the extended 
fonn. We will discuss the mechanism of the phase 
transition between the two liquid crystals. The 
lamellar liquid crystal is also changed to reverse 
hexagonal phase via a cubic phase with the further 
decrease In oxyethylene chain length. The structural 
change will be also reported. The result will be 
compared with other polyoxyethylene-type nonionic 
surfactant systems. 

Synthesis and sur face properties of N-
alkylaldonoamides 

Ludwik Syper \ Kazimiera A. Wilk^ Adam Sokolowski ^. 
Bogdan Burczyk^ 
' Institute of Organic Chemistry, Biochemistry and 

Biotechnology 
^ Institute of Organic and Polymer Technology 

Technical University of Wrocaw, Poland 
The aim of the research Is to find and develop a non-
expensive and easy method for preparation of new 
types of ecologically benign surfactants: glucohepto-
namldes, glukonamldes, and lactoblonamldes. 
Surfactants in which a relatively long fatty alkyl chain 
is hydrophlliclzed by carbohydrates Instead of 

ethylene oxide have been the subject of intensive 
studies for the last decade. The linkage between the 
alkyl chain and the carbohydrate grouping can be 
established by ester, ether, acetate, amide or amine 
bridges. 
In such compounds having a general fonnula 

HOCH, 

where: 
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there are four fragments which contribute to the 
adsorption behavior. Thus, the structure of the 
compounds differs fundamentally from that one of 
single bipolar surfactants. In this work we present the 
results of a study concerning the relationship be
tween surface activity parameters and structure of 
new sugar surfactants. The main topics are: (i) 
synthesis of well-defined and pure surfactants, (11) 
quantitative description of the adsorption and micelll-
zatlon properties. The effects of the type of a 
hydrophilic and hydrophobic moieties upon the 
monolayer structure and solubility have been dis
cussed. 

P77 
Microemulsions supported by octyl mono-
glucoside and geraniol - phase behavior and 
microstructure 

Cosima Stubenrauch. Gerhard H. Findenegg 
Iwan-N.-Stranskl-lnstilut für Physikalische und 
Theoretische Chemie, Beriin, Genmany 
The phase behaviour and microstructure of microe
mulsions supported by octyl monoglucoslde (CsGl) as 
surfactant and geraniol (trans-3,7-dlmethyl-2,6-
octadlen-1-ol) as cosurfactant are reported. Microe
mulsions made up with alkyl glucosides and 
polyglucosides (CnGm) are of Interest for applications 
In phannacy and cosmetics, due to the favourable 
dennatological properties of these surfactants. As 
cosurfactants are needed to form microemulsions with 
CnGm-surfactants [1,2] it is desirable to use equally 
non-toxic cosurfactants for the aforementioned 
applications. Geraniol, a frequently used perfume oil, 
represents a potential candidate. 
We investigated the phase behaviour of the quater
nary system water + cyclohexane -i- octyl monoglu
coslde (CsGi) + geraniol by mapping the contour of 
the three-phase body at a 1:1 oil-to-water volume ratio 

68 

ECIS97 Posters Surfactant Colloids 

at 25 °C in terms of the variables y (the sum of the 
mass fractions of surfactant and alcohol in the quater
nary system) and 5 (the mass fraction of alcohol In the 
surfactant plus alcohol mixture). Increasing 5 at cons
tant Y causes a phase inversion from an oll-ln-water 
microemulslon (Wl) In contact with excess oil to a 
water-in-oil microemulsion (Wll) In contact with excess 
water via a middle-phase microemulsion (Will) [3]. 
The microstructure has been studied by means of 
NMR self-diffusion measurements using the Fourier 
transfonn pulsed field gradient spin-echo NMR-
Technique. In this technique the displacement of 
nuclear spins in a controlled magnetic field gradient Is 
monitored. The decisive Information which one obtains 
by self-diffusion NMR studies is to distinguish between 
discrete droplets and bicontinuous structures. The 
self-diffusion coefficients of the solvent molecules (oil 
and water) give direct insight Into connectivity. We 
measured the self-diffusion coefficients of all four 
components along the phase Inversion path (increas
ing Sat constant y) demonstrating the transition from 
discrete oil-droplets to discrete water-droplets via a 
bicontinuous structure. 

[1] K. Fukuda, O. Soderman, B. Lindman, K. Shi-
noda,/.angmu/r, 1993, 9, 2921 

[2] M. Kahlwelt, G. Busse, B. Faulhaber, Langmuir, 
1995, 11 , 3382 

[3] C. Stubenrauch, B. Paeplow, G.H. Findenegg, 
submitted to Langmuir 

A S A N S investigation of reverse (Water-in-Oil) 
micelles of amphiphilic block copolymers 

Birgitta Svensson', Paschalis Alexandridis', Ulf Olsson', 
Kell Mortensen ^ 
' Physical Chemistry 1, Lund University, Sweden 
^ Department of Solid State Physics, Ris0 National 

Laboratory, Roskilde, Denmark 
The amphiphilic block copolymer studied is a poly-
oxyalkylene with the molecular formula (PEO)x-
(PPO)y-(PEO)x, (x=10-27 and y=23-61). In water and 
p-xylene solutions an extended region of an isotropic 
solution (reverse water-in-oil micellar solution, L2) is 
fonned. This Small Angle Neutron Scattering (SANS) 
study Is looking at the dimensions and the structure 
of the reverse micelles, as affected by the micelle 
volume fraction, the polymer molecular weight and 
the solution temperature. By using protonated and 
deuterated solvents, the contrasts of the scattering 
can be varied which allows us to obtain Information 
on the distribution of water. 
The micellar radius is In the order of 5-10 nm and the 
micellar structure has a hydrated PEO core and a 
corona of PPO well solvated In p-xylene. At high 
concentration, the micelles crystallize (the order 
Increases) Into a cubic lattice for sufficiently high 
copolymer molecular weight. 

P79 
Formation of the lamellar phase of alkyl-
benzenesulphonates from electrolyte/water/n-
octanol solutions 

Durdica Tezak'. N. Jalsenjak' and N. Ljubesic^ 
' University of Zagreb, Faculty of Science, Department 

of Chemistry, Croatia 
^ Rugjer Boskovic Institute Zagreb, Croatia 
The behaviour of mesophases In the ternary system 
of sodium 1-(4)-dodecylbenzenesulphonate (4SDBS) 
/water/Mg(N03)2 was determined by using crossed 
polarisers, polarised light microscopy (LM), and light 
microscopy with differential Interference contrast 
(DIC). In comparison to the binary system without 
Mg(N03)2, these systems showed changes In the 
formation of phases. A shift of the biphasic region 
boundary. I.e., of the isotropic + lamellar phase 
region, towards lower concentration of surfactant has 
been found. In the biphasic region, a growth of the 
lamellar microtubuli from the viscous isotropic phase 
Into cylinders, and afterwards, their distortion into 
cones, has been observed as a homogeneous 
nucleation. If the samples have been kept between 
microscopic object and cover glass at room tem
perature. A transition of the lamellar phase to an 
inverse hexagonal one has been observed in water 
and n-octanol mixtures above 20% of the octanol 
content, due to the corresponding convex / concave 
change of the lamellar surface curvature. The effect 
is caused by increasing the concentration of a non-
polar solvent. The dynamics of the formation of 
lamellar phases followed in the aqueous solutions of 
simple-, or double tailed ABS showed that the 
nucleation of lamellar phases undergoes the follow
ing process: the association of surfactant molecules 
into micelles, transition either of flat lamellar to bent 
lamellar bilayers fomnlng cylinders, or bending of flat 
lamellar Into focal conic structure, and finally the 
formation of secondary aggregates. I.e., into lamellar 
spherulltes. 

P80 
Phase behaviour of mixed hydrogenated and 
fluorinated systems 

S. Turquel, M-J. Stebe 
Groupe Physico-chimie des Colloides, Université H, 
Poincaré, Nancy I, Vandoeuvre-les-Nancy, France 
Mutual solubility of fluorinated and hydrogenated non 
ionic surfactants and oils in presence of water has 
been investigated in order to get Information about 
possible mixed systems (micelles and mixed emul
sions . . . ) . This work deals with mixtures of hydro
phobic surfactants with short polar heads. The 
behaviour of both surfactants In water are similar 
and do not lead to micellar solution. There Is an 
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entire compatibility between fluorinated and hydro
genated surfactants since they are mixable In any 
proportion. But, on the other hand, the used hydro
carbon and fluorocarbon are totally Insoluble. 
However by studying the phase behaviour. It ap
pears that mixed micellar phases exist between 
fluorinated and hydrogenated surfactants, hydrocar
bon, fluorocarbon and water. 

P81 
Fluorescence quenching studies of 
micelllsation and solubilisation in 
f luorocarbon-hydrocarbon surfactant mixtures 

iVlats Almgren \ Ke Wang \ Tsuyoshi Asal^awa^ 
' Department of Physical Chemistry, Uppsala 

University, Sweden 
^ Department of Chemistry and Chemical Engineering, 

Faculty of Engineering, Kanazawa University, Japan 
Time-resolved fluorescence quenching (TRFQ) 
studies of non-ionic, anionic and cationic micelles 
have been performed comparirig two surfactant 
quenchers, a fluorocarbon surfactant quencher, N-
1,1,2,2-tetrahydroperfluorodecanylpyridinium chlo
ride (HFDePC) and a hydrocarbon quencher of 
similar hydrophobicity, CPC, N-hexadecylpyridinium 
chloride. The effect of non-Ideal mixing on the 
distribution of surfactants over a set of mixed mi
celles of equal size was recently Investigated [1]. A 
simple mean-field lattice model was used to obtain a 
surfactant distribution consistent with the pseudo-
phase "regular solution" approach [2] usually em
ployed to discuss the distribution of surfactants 
between the aqueous phase and the micelles (or the 
"mixed cmc"). In particular, it was shown that the 
apparent aggregation number, Napp, from time-
resolved fluorescence quenching (TRFQ) measure
ments, would be lineariy dependent on the mole 
fraction, Xq, o f a quenching surfactant In the micelles: 

Napp=No[1 + ( 1 / 2 - a ) xq] 

where a Is the interaction parameter, and No = Ns 
Nq the total aggregation number, assumed Inde
pendent of xq. Index s and q will be used for 
surfactant and (surfactant) quencher, respectively. It 
was shown that the Interaction was always repulsive 
for the fluorocarbon quencher In hydrocarbon mi
celles, expect for the case with a non-ionic micelle, 
where the effectively attractive electrostatic interac
tion dominated at low ionic strength. The TRFQ 
aggregation number for a variety of micelles are 
equal within about 10% when determined with both a 
hydrocarbon and a fluorocarbon surfactant quencher 
There Is a tendency to smaller values with the FQ 
quencher, which partly Is due to a preference of the 
probe for micelles free from fluorocarbons. The 
repulsive interactions between hydrocarbons and 
fluorocarbons show up In an apparent aggregation 

number that decreases with the quencher concentra
tion. The preference of the aromatic probe for 
micelles without fluorocarbon, and of the fluorocar
bon quencher for fluorocarbon surfactant micelles, 
enables a discrimination between fluorocart)on-rich 
and hydrocarbon-rich micelles. The series of fluores
cence quenching curves In a mixture of lithium 
perfluorononanoate and lithium dodecylsulfate show 
that In the pure systems quenching of pyrene occurs 
with both quenchers, whereas in a 50:50 mixture 
only the hydrocarbon quencher appears to be active. 
Pyrene Is almost completely solubilised In micelles 
without or with little FC-surfactant. The hydrocarbon 
surfactant quencher is then active, whereas the 
fluorocarbon surfactant quencher very strongly 
avoids the hydrocarbon-rich micelles and with that 
pyrene, so that no quenching is observed. 
[1] Almgren, M.; Hansson, P.; Wang, K. Langmuir, 

1996 ,12 ,3855 
[2] Rubingh, D. H. In Solution Chemistry of Surfac

tants; Mittal, K. L. Ed.; Plenum Press: NewYork, 
1979; Vol. 1, p. 337. 
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P82 
Competitive adsorption of an anionic and a 

nonionic surfactant on polystyrene latex 

particles as monitored by small-angle X-ray 

scattering 

J. Boize, K.D. Horner, and IVI. Ballauff 
Polymer-lnstitut, Universltat (T.H.) Karisruhe, Gennany 
We present recent studies on the adsorption of 
surfactants on latex surfaces by small-angle X-ray 
scattering (SAXS). In particular, the adsorption of the 
anionic surfactant sodium dodecylsulfate (SDS) as 
well as competitive adsorption of SDS with the 
nonionic surfactant Triton X-405 on a polystyrene 
latex has been examined by use of small-angle X-ray 
scattering. Since the latex particles only have a low 
contrast towards water whereas the electron densi
ties of the added surfactants are rather high, their 
gradual adsorption can be monitored with good 
sensitivity.' The particles covered with SDS have 
been investigated by the contrast vanation method. A 
distinct core-shell structure has been observed. After 
maximum coverage of the surface Is reached, the 
additional surfactant fonns free micelles. 
The analysis presented here allows the simultaneous 
investigation of the covered particles and the free 
micelles of both surfactants. This Is due to their 
respective charactenstic scattenng contnbutions of 
SDS-mlcelles as compared to Tnton-mlcelles In 
different angular ranges. Infonnation on the competi
tive adsorption could be obtained by analyzing the 
structure of the coated particles and the composition 
of the free mixed micelles. The adsorption Is shown 
to be an equilibnum process where adsorption of the 
nonionic component Is found to be much stronger 
than of the SDS molecules. 
The present investigations show that SAXS allows to 
analyze the three-component system of the latex and 
two different surfactants In a quantitative manner. 
SAXS thus furnishes direct Infonnation about the 
process of adsorption which supplements previous 
data obtained by less direct methods. 
[1] J. BoIze, K. D. Horner, M. Ballauff; Langmuir 

1996, 12, 2906 

P83 
Repulsive hydration forces and attractive 
hydrophobic forces in a unified picture. 

Jan Forsman, Clifford E. Woodward and Bo Jönsson 
Physical Chemistry 2, Lund University, Sweden 
The solvation force between two planar surfaces 
immersed In a liquid is studied using Monte Cado 
simulations and free energy functional theory calcu
lations. In most cases, the parameters descnbing the 
liquid are chosen so as to provide a model of water. 

When the surfaces are hydrophilic, the solvation 
force Is repulsive, as is the net force, provided the 
solvent-surface interaction Is strong, compared with 
the surface-surface and solvent-solvent Interactions. 
The range of the surface-solvent interaction Is shown 
to have a profound influence on the resulting solva
tion force, whereas solvent orientational order 
induced by the surfaces Is only of minor importance. 
We conclude from our calculations that a repulsive 
force would also be found In a less polar solvent 
confined between sufficiently solvophllic surfaces. 
These conclusions are conflnned by experiments. 
When the surfaces are inert. I.e. hydrophobic, the 
solvation force becomes attractive. There is then a 
contribution from the net lowering of solvent density 
between the surfaces, which Is significant even at 
rather large distances. This density depression 
contribution is universal In the sense that it will 
always be present for fluids confined between 
solvophobic surfaces. In discussions of the molecular 
mechanism of the hydrophobic attraction, the focus 
is almost invariably on the short-range directional 
hydrogen bond or electrostatic forces. Our calcula
tions suggest that the density depression mechanism 
could be as relevant as orientational order 

P84 
Block copolyelectrolytes; effects of ionic 
strength and degree of neutralization on the 
acid-base behavior and corona expansion. 

Wendy Groenewegen. J.C. Leyte, J.R.C. van der Maarel 
Leiden Institute of Chemistry, The Netheriands 
Polystyrene-£)/oc/<-poly(acryllc acid) (PS-b-PM) fomns 
spherical aggregates In aqueous solution. The 
micelles consist of a hydrophobic polystyrene core 
and a poly(acryllc acid) corona. The micellar charge 
can be adjusted by titration of the acid groups, which 
are located In the corona. The aggregate size 
depends on charge and ionic strength due to the 
mutual repulsion of the charged segments. We have 
investigated the acid-base behaviour in aqueous 
NaCI solutions and compared with the free homo
polymer. A significant salt dependence on the 
dissociation behaviour was observed, which sug
gests a strong Interaction between the micelle and 
small counterions. To check the accessibility of the 
acid groups, the dissociation process Is followed by 
IR and NMR spectroscopy. The micellar size has 
been studied by electron microscopy, light scattering, 
and size exclusion chromatography. The Influence of 
degree of neutralisation on the corona's expansion 
and will be discussed. 
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P85 P87 
Influence of electrolytes on the van der Waals 
Force a c r o s s water 

Jan Groenewold 
Leiden Institute of Chemistry, The Netheriands 
An Important factor that determines the properties of 
aqueous colloidal suspensions Is the dispersion force 
that acts between the adjoining media. It is known, if 
the surfaces do not carry surface charge, that adding 
electrolyte still influences the dispersion force due to 
charge fluctuations. 
This phenomenon can also be viewed as depletion of 
Ions from the water film. The old result is rederived 
with the Gibbs adsorption equation, and can be 
Interpreted as a weak depletion force due to ionic 
depletion. At very low electrolyte concentrations the 
behaviour of this depletion force can be quite subtle. 
At separations of 1-2 nm a strong depletion force 
emerges. 

P86 
Rheology and diffusion in bimodal colloidal 

d ispersions 

F. M. Horn. H. Senff and W. Richtering 
Universitat Freiburg, Institut für Makromolekulare 
Chemie, Germany 

The particle size distribution Is of great Importance 
for the flow behaviour of concentrated colloidal 
dispersions. Monodisperse polystyrene lattices were 
synthesised by emulsion polymerisation and were 
used to prepare binary mixtures containing particles 
of different sizes. The shear viscosity was deter
mined as a function of total concentration, 
composition and size ratio. A decrease of viscosity of 
the mixtures as compared to the monodisperse 
samples was observed as Is known In the literature. 
Fibre optical quaslelastic light scattering (FOQELS) 
was used to study particle diffusion. Variation of ionic 
strength allowed us to manipulate the effective 
volume of the particles. Therefore it was possible to 
vary the size ratio of the latex particles independently 
from the effective volume. Correlations between 
diffusion and viscosity will be discussed. 
At large size ratio a strong increase of the zero shear 
viscosity was observed and simultaneously the 
diffusion coefficient decreased. This might be caused 
by depletion Interaction. 

Structural characterist ics of s u s p e n s i o n s of 
hydrated colloids 

F. Le Berre and E. Pefferkorn 
Institut Charies Sadron, Strasbourg, France 
We studied the peri- and the ortho-kinetic aggrega
tion of polystyrene latex which carry a hydrated 
surface. This latex was different from classical 
hydrophilic colloids and might be assimilated to 
natural colloids present In aquatic systems. Aggre
gation kinetics were Investigated by determining the 
aggregate mass distribution using the Coulter 
counter technique. Both the weight and number 
average sizes were calculated using the aggregate 
mass distribution. The size distribution of aggregates 
was also detennined using a laser diffractometry 
technique. We found that periklnetic aggregation of 
hydrated latex was reaction limited even under high 
electrolyte conditions usually corresponding to 
diffusion-limited aggregation mode according to the 
DLVO theory. The hydration forces could be taken 
into account by using a low Hamaker constant 
because the polystyrene latex was considered 
different than dense polystyrene. Aggregation in a 
Couette system yielded aggregates whose fractal 
dimension depended on the electrolyte concentra
tion. The fractal dimension of the aggregates was 
obtained by a correlation between reduced mass and 
size distributions. 

Aggregation/fragmentation in 0.15 M NaCI suspen
sions led to aggregates of fractal dimension 1.4 while 
In 0.075 M NaCI suspensions the fractal dimension 
was found to be 1.8. These relatively low values of 
the fractal dimension were Interpreted by the exis
tence of a preferential orientation of the aggregates 
under low shear flow. 

In conclusion, the aggregation studies of hydrated 
latex showed the Inter-particles bonds ageing to be a 
major phenomenon, while the fractal dimension 
Indicated a structural reconstruction of aggregates 
under shear stress. 

P88 
Synchrotron X-ray diffraction from optically 
multiple scattering colloids and colloidal single 
crystals 

Mischa Megens'. Carios M. van Kats' , Willem L. Vos ' , 
Peter Bösecke^ 
' Van der Waals-Zeeman Institute, University of 

Amsterdam, The Netheriands 
^ Euiiopean Synchrotron Radiation Facility, Grenoble, France 
The determination of the structure of colloidal crys
tals optical techniques such as microscopy or light 
scattering is often hampered by multiple scattering. 
The propagation of light In regular arrays of optically 
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very multiple scattering particles witti lengtti scales 
on the order of the wavelength (so-called photonic 
matenals) is Indeed itself subject of much cunent 
interest. An accurate knowledge of the spatial 
arrangement of the particles Is of crucial Importance 
for the interpretation of measurements on photonic 
matenals. Fortunately, the obstacle of multiple 
scattenng can be avoided by using X-ray diffraction, 
which Is essentially a single scattenng technique. We 
have perfomied small-angle X-ray scattenng (SAXS) 
expenments with the ESRF synchrotron source 
because synchrotron SAXS provides a high flux in a 
narrow focus, and It covers a wide range of scatter
ing vectors. The largest lattice spacing we have 
measured is more than 300 nm. 
We show that SAXS is well suited for the characten
zation of nearly monodisperse colloidal spheres. The 
size and polydispersity of the colloids can be deter
mined in situ, and with high accuracy. We have 
succeeded In growing large single crystals at high 
volume fractions (20-50 vol%), where the largest 
photonic effects occur The scattering patterns of 
these crystals reveal a great number of sharp diffrac
tion peaks. The results show that dense colloids form 
highly ordered fee structures. Furthermore, the 
excursions of the particles from their lattice positions 
can be Inferred from the Intensities of the diffraction 
peaks (Debye-Waller factors). A detailed knowledge 
of these excursions as a function of e.g. volume 
fraction would be very Interesting, as these excur
sions are ultimately related to the Interaction 
potential of the colloidal particles. 

P89 
study on hydrophobically modified polymers 
and their interactions with surfactants 

Annanda C. Nieuwkerk, Antonius T. M. Marcelis, Ernst 
J. R. Sudhölter 
Department of Organic Chemistry, Wageningen 
Agricultural University, The Nethertands 
Polyelectrolyte-surfactant Interactions have been 
studied for many years now. These Interactions are 
determined by electrostatic and hydrophobic effects 
[1]. Several systematic investigations have been 
done to study the effect of varying hydrophobicity 
and/or charge density of the polyelectrolyte upon the 
Interaction with surfactants [2]. We are studying the 
Interactions between polyelectrolytes l-n and ll-n and 
various alkyltrimethylammonium bromides (e.g. 
DTAB, CTAB) to gain more Insight into the polyelec
trolyte-surfactant Interactions. 

H O O H 
l-n n = 6, 8, 10, 11, 12 

0 = / \ = o i - ( C H 2 ) „ 0 - ^ ö — O - C N 
H (SH 

ll-n n = 6, 8, 10,11, 12 

HO3S 

These polyelectrolytes contain an Intrinsic probe to 
monitor the polyelectrolyte behaviour In solution. By 
UV absorption spectroscopy a blue shift of the 
absorbance maximum is observed when the meso
genic units have mutual n-n stacking interactions. 
The conformation of polyelectrolytes l-n and ll-n In 
aqueous solution is pH and temperature dependent. 
At low pH (=low charge density) compact globular 
aggregates are found existing of many highly entan
gled polymer chains. At high pH (=high charge 
density) the polymers are in a more open extended 
conformation. Upon increasing spacer length the 
Interactions between the polyelectrolyte side chains 
become stronger due to increased hydrophobic 
Interactions between the side chains and because 
the chromophores have more freedom to attain their 
most favourable TC-TC stacking Interactions [3], These 
stacking Interactions can be monitored by UV spec
troscopy and are used to study the Interaction with 
various surfactants. Upon binding the surfactant 
chains are seen to penetrate between the polyelec
trolyte side chains. 

Using a surfactant selective electrode has shown 
that the interactions of surfactants with l-n and ll-n 
start at very low concentration and are noncoopera-
tive. This Indicates that the surfactants do not bind to 
the polyelectrolytes In the forni of micelles but rather 
as individual molecules. Upon Increasing surfactant 
concentrations the surfactants will bind in each 
others proximity. This has been shown by UV spec
troscopy using surfactants labelled with substituted 
azobenzene chromophores (e.g. III). 

Using the Langmulr-Blodgett technique it Is found 
that stable monolayers can be fonned from l-n on 
water and these monolayers can be successfully 
deposited upon substrates like glass and quartz. Use 
of surfactants In the subphase can alter the stability 
of the monolayers and their deposition behaviour 
[1] Goddard, E. D. Colloids Surf., 19, 301 (1986). 
[2] Benrraou, M., Zana, R., VaroquI, R., Pefferkorn, 

E. J. Phys. Chem., 10, 1468 (1992). 
[3] Nieuwkerk, A. C , Marcelis, A. T. M., Sudhölter, E. 

J. R. Macromolecuies, 28, 4986 (1995). 
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P90 
Kinetic and thermodynamics of tea cream 
formation: A colloidal approach 

M.H.G.M. Fenders, D.P. Jones, D. Scollard, A.P. 
Davies, D. Needham and E.G. Pelan 
Unilever Research, Colworth Laboratory, Sharnbrook, 
Bedford, UK 

Hot aqueous black tea infusions on cooling can 
produce noticeably turbid colloidal coacen/ates 
referred to as 'tea cream'. Both thermodynamic and 
kinetic factors determine the extent of tea cream 
formation and thus the clarity of tea as a beverage. 
Tea cream is a complex mixture of many compo
nents with mainly polyphenols and caffeine. The 
formation of tea cream was studied using scattering 
techniques, e.g. turbldimetry and time-resolved 
(static and dynamic) light scattering. The former 
technique provides Insight into the onset of tea 
cream formation, the latter provides the change of 
scattered Intensity and hydrodynamic radius with 
time (kinetics). We will present "equilibrium" phase 
diagrams as well as kinetic results. The measured 
phase diagrams, to some extent kinetically deter
mined, display similar trends to those of simple 
mixtures with solubility at high temperatures but 
separation Into immiscible phases below an "upper 
critical solution temperature". The effect of pH and 
additives on the thermodynamic and kinetic aspects 
of tea cream formation will be discussed In more 
detail. In most cases, (spontaneous) demlxing Is the 
predominant mechanism of cream formation, 
reflecting the substantial insolubility of polyphenols, 
especially In the more concentrated region of the 
miscibility gap. Only In the case of a more water-
soluble decaffeinated tea material did It prove 
possible to access a metastable region with nuclea
tion and growth then having been demonstrated as 
the important mechanism. 

P91 
Structure and dynamics of highly concentrated 
d ispers ions of micronetwork colloids -
Competition between network compressibil ity 
and surface roughness 

C. Pies, T, Scherer E, Bartsch, H, Sillescu 
Institut für Physikalische Chemie, Universltat Mainz, 
Gennany 

Colloidal dispersions have recently become of 
interest as model systems for studying the glass 
transition of atomic fluids on a mesoscopic scale. 
Spherical micronetwork or microgel particles, 
consisting of polystyrene chains that are Internally 
crosslinked, can be considered as colloidal particles 
where aggregation can be suppressed by working in 
a good solvent. By varying the degree of crosslln-

Polymer Colloids 

king the interaction potential can be varied from 
hard sphere behaviour at high crosslink density 
(1:10, l,e. 1 crosslink per 10 monomer units) to soft 
sphere inter-actions at a crosslink density of 1:50. 
Using 1:50 micronetwork colloids to model the glass 
transition of atomic fluids, significant deviations In 
the dynamic behaviour close to the colloid glass 
transition were obsen/ed as compared to hard 
sphere particles. As possible origin have been 
discussed: (I) the deformability of the spheres and 
(il) additional friction effects on the dynamics due to 
"dangling" ends or loops at the particle surface. In 
an attempt to access the relative Importance of 
these effects "quasi" core-shell particles have been 
synthesised, consisting of a hard core (1:10) and a 
thin shell with a crosslink density of 1:50. First 
results on the structure and the dynamics of these 
particles are presented and compared to the be
haviour of pure 1:50 and pure 1:10 crosslinked 
micronetwork colloids. 

P92 
Multlhollow micron-sized latex particles from 
self-emulsifying polymer blends 

Bernhard Schlarb. Walter Heckmann, Elmar 
Schwarzen bach 
BASF AG, Ludwigshafen, Gennany 
The preparation of multlhollow polymer particles from 
emulsion or dispersion polymers was shown by Okubo 
et al. recently [1]. This poster describes a new method 
for the synthesis of large latex particles with multlhollow 
stmctures. It Is based on polymer blends, which are 
self-emulsifying In water, fonning secondary disper
sions. The fonnation of small, compact latex particles 
from mixtures of copolymers with different salt group 
content has been described In detail [2, 3]. In contrast 
to these systems, the different composition of both, the 
polymer blend and the organic solvent, leads to the 
fonnation of a multiple W/OAA/-emulslon, when the 
highly viscous polymer solution is emulsified In water by 
a phase Inversion process. The particle size of the 
multiple emulsion droplets is In the range of some 
microns. The mechanism for the formation of the 
stmctures as described above was proven by means of 
fluorescence microscopy: by staining the aqueous 
phase using a water soluble fluorescent dye it could be 
shown, that the microvoids initially are fonned by 
Inclusions of the aqueous phase and not of organic 
solvents. These stmctures are not thennodynamlcally 
stable. They can be fixed by removal of ttie organic 
solvents, which leads to "multiple secondary disper
sions". Stmctured polymer particles containing voids as 
described here, could be interesting as white pigments, 
since they have the ability to scatter visible light. 
[1] a) M. Okubo et al. Colloid Polym. Sci. 272 (1994) 

530 - 535; b) M. Okubo et al. Colloid Polym. Sci. 
17A (1996) 428 - 432 & 801 - 804 
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[2] B. Schlarb, M.G. Rau, S. Haremza; Prog. Org. 
Coa/. 26 ( 1995 )207 -215 

[3] B. Schlarb, S. Haremza, W. Heckmann, B. 
Morrison, R. Müller-Mall, M.G. Rau; Prog. Org. 
Coat 29 (1996)201 - 2 0 8 . 

P93 
Measurement of adsorption and desorption of 
latex particles on water solid interfaces 

F. Seddiohi'. M. Semmler^ M. Weiss \E .K . Mann^ M. 
Borkovec^, and J. Ricka' 
' Institute of Applied Physics, University of Bern, 

Switzerland 
^ Institute of Tenestrial Ecology, ETH Zurich, Switzeriand 
Using a technique combining evanescent field fluo
rescence with video-microscopy, as well as atomic 
force microscopy (AFM), we Investigate the sorption of 
latex particles on glass surfaces. We follow the 
sorption of Individual colloid particles and measure the 
kinetics of deposition and release In a quiescent fluid 
solution and In flow In a parallel plate channel. From 
the measurements of the kinetics, we extract informa
tion on the particle-wall potential and on the diffusion 
coefficient. The particles are fluorescently labeled 
monodisperse functlonalized polystyrene latex 
spheres which are thoroughly characterized as to their 
size distribution, surface charge, electrophoretic 
mobility and aggregation behavior. We investigate 
suspensions of positively charged amidlne latex 
spheres of 120 nm and 190 nm diameter In a buffer 
solution at various pH and ionic strength. Monitoring 
the particles with both, evanescent field microscopy 
and AFM enables us to cover different time scales. 
For short adsorption times the process is expected to 
be diffusion limited, while the limiting surface coverage 
for long adsorption times Is controlled by Interparticle 
electrostatic repulsion. Our results are compared to 
the sorption kinetics of negatively charged particles 
[1], where the authors have found evidence for 
prefened sorption sites with non-unlfomn strength. 
[1] LuethI, Y., and Ricka, J., submitted to Langmuir 

P94 
Heterogeneous nucleation and shear- induced 

orientation in colloidal Yukawa and hard 

sphere s y s t e m s 

Andreas Stipp. Andreas Heymann, Martin Maaroufi, 
Thomas Palberg 
Institut fUr Physik der Johannes-Gutenberg-Universitat, 
Mainz, Gennany 

Colloids are Ideal mesoscopic model systems to study 
the kinetics of solidification of colloidal melts by optical 
methods. The Influence of particle-particle Interaction 
can be tested by using differently stabilised colloidal 
systems. Here we Investigate Yukawa and hard 

sphere systems which are shear molten, and readily 
resolidify once the shearing Is aborted. Highly charged 
Yukawa particles at packing fractions of approximately 
1 per mil and low salt concentration form monolithic 
bcc crystals with the (110) plane parallel to the con
tainer wall and the <111> direction parallel to the flow 
direction, which are heavily twinned. As observed by 
Bragg microscopy, both growth and ripening of twin 
domains are strongly anisotropic. I.e. In flow direction 
there Is a much faster Increase in domain size than 
perpendicular to the flow. In hard sphere suspensions, 
homogeneous nucleation prevails and leads to closed 
packed structures such as fee polycrystals with 
stacking faults. Bragg light scattering measurements 
of powder-like crystallising hard sphere colloids are 
perfonned as a function of time. Usually, one would 
expect only a Debye-Schener ring structure In poly
crystalllne samples. However, we found sharp peaks 
at the commencement of the crystallisation process. 
By simple crystallographic calculations we show that 
these peaks can be explained as reflections from 
close-packed lattice planes with an orientation per
pendicular to the Incident laser beam. We Interpret 
these planes as due to residues of the preceding 
shear-melting process. Growth of these structures has 
been reported at higher volume fractions at and above 
the glass transition volume fraction (t)g = 0.58, but not 
at low densities here structural relaxation usually Is 
fast. 

P95 
Scaling of the cluster size distribution 

moments 

M. Tirado-Miranda \ A. Schmitt', A. Fernandez-
Barbero' and J. Callejas-Fernandez' 
' Departamento de Fisica Aplicada, Universidad de 

Granada, Spain 
' Departamento de Fisica Aplicada, Universidad de 

Almeria, Spain 
Considerable Interest has been focused on the 
understanding of the dynamic nature of coagulation 
processes that lead to cluster formation. The aggre
gation of colloidal particles Is a good model for 
studying the two basic aspects of this structure 
fonnation phenomenon: aggregation kinetics and 
cluster morphology. 
In this work, we used both, static and dynamic light 
scattering to study the time evolution of the cluster-
size distributions arising In aggregating colloidal 
dispersions. Photon correlation spectroscopy was 
employed to measure the autocorrelation function of 
the scattered light Intensity and the corresponding 
cumulants pz, which are directly related to the 
moments of the cluster-size distribution. The fractal 
dimension of the aggregates, d i , was obtained by 
static light scattering which assesses the Internal 
structure by measuring the angular dependence of the 
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scattered Intensity. Van Dongen and Ernsts homoge
neity parameter, 1, was calculated by a combined 
evaluation of the experimental results obtained. 
We studied the aggregation behavior of different 
monodisperse aqueous suspensions of spherical 
polystyrene particles. The aggregation processes 
were Induced by adding different amounts of electro
lyte. Using the characteristic aggregation time tc as 
fitting parameter, we found that the first cumulant, 
scales as /vi(f) = /;i(0)(1 -i- M'c)''"<''f<'"''» In all cases. The 
aggregation rates, ku, under different experimental 
conditions were then estimated from the best fit using 
the known Initial particle concentration. 
Furthermore, we Investigated the time evolution of the 
polydispersity index during aggregation. It Is defined 
as the ratio of the first two cumulants Q = jji Ip^. For 
all experimental systems we observed that Q In
creases at the very eariy stages and then remains 
constant almost throughout the whole process. The 
asymptotic value, however, depends on the fractal 
dimension and the homogeneity parameter 
Financial support by the CICYT project MAT94-0560 
and the Gottlieb Daimler- und Karl Benz-Stiftung Is 
gratefully acknowledged. 

[1] C. M. Sorensen, T. W. Taylor, Phys. Rev. A, 33, 
1411 (1986) 

[2] B. J. Olivier, C. M. Sorensen, J. Colloid Interface 
Sci. 134, 139 (1990) 

P96 
Potentiometric titrations of poly(Propylene 
Imine) dendrimers 

René C. van Duiivenbode'. Wlichal Borkovec', Ger J. 
M. Koper' 
' Leiden Institute of Chemistry, The Netheriands 
' ETH Zürich, Switzeriand 

Dendrimers are hyperijranched molecules, synthe
sised by a repetitive reaction sequence from a central 
core with an appropriate monomeric unit. This proce
dure results In a limited number of consecutive 
generations of globular dendrimers, until packing 
constraints prohibit further synthesis. For the 
poly(propylene imine) dendrimers, emanating from a 
1,4-diaminobutane backbone, the maximal number of 
functional groups on the surface is reached In the fifth 
generation. 

The acid-base properties of the functional groups form 
one of the interesting features of dendrimers. There
fore the protonation behaviour of the amines of 
poly(propylene Imine) dendrimers, abbreviated with 
DAB-dendr-(NH2)k (with k the number of primary 
amines: 4, 8, 16, 32 and 64), were studied with poten
tiometric measurements at 0.1, 0.5 and 1.0M KCl. 
The protonation behaviour Is dominated by the short-
range repulsive electrostatic Interactions between 
protonated groups, for linear polyelectrolytes resulting 
In two step protonation behaviour with a plateau 

Polymer Colloids 

halfWay, as In the first step every second site along 
the chain Is protonated. 
For dendrimers still a two step protonation behaviour 
is expected, only with a plateau at 2/3 of all protonable 
groups, the result of a stabilised onion-like structure 
with the outermost shell of primary amines and all 
even shells of tertiary amines protonated. Only at 
lower pH the odd shells will be protonated as the 
repulsive electrostatic field created by their neighbours 
has to be overcome. 
This protonation behaviour can quantitatively be 
modelled with the Ising model: with microscopic pK 
values and nearest neighbour pair Interaction pa
rameters, up to 7 parameters are needed to fit the 
degree of protonation as a function of pH, even for the 
largest generation with 126 protonable groups. 
The usefulness of the Ising model is shown in the 
comparison with the classical (macroscopic) ap
proach, where every site Is represented by a 
macroscopic p/< value in the fitting procedure. Already 
at the third generation this leads to 30 macroscopic pK 
values, so It Is no longer meaningful to use this 
classical approach, whereas the Ising model only 
needs 7 parameters for the third, fourth and fifth 
generation. 

The shape of the cun/es remains constant with an 
increase in ionic strength, only a shift towards higher 
pH is observed. This effect Is due to screening of the 
charge of the protonated sites with higher salt con
centrations. The repulsive interactions, which prohibit 
further protonation of neighbouring sites, are less 
dominating, and protonation is enhanced with higher 
ionic strength. 

P97 
On the sorption kinetics of colloidal particles 

T. Joerg', M.Weiss ' and H. Bebie' 
' Institute of Theoretical Physics, University of Bern, 

Switzeriand 
' Institute of Applied Physics, University of Bern, 

Switzeriand 

Recent measurements on the sorption kinetics of 
colloidal particles on a glass surface [1] have shown 
deviations from an exponential distribution of adsorp
tion times as they would be expected from a simple 
Kramers rate model. We discuss several diffusion 
models and show under which conditions a single rate 
of desorption will be found and which mechanisms 
lead to non-exponential behaviour. We found that a 
non-exponential law on a time scale of days or even 
weeks as found in [1] can only be explained if we 
assume that the strengths of the adsorption sites are 
not unifomn but distributed with a certain variance. The 
results of our model calculations are compared to full 
scale numerical investigations and to experiment. 
[1] LuethI, Y., and Ricka, J., submitted to Langmuir 
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P98 
Solubilization of phospholipid ves ic les with 

octylglucoslde studied by high sensitivity 

titration calorimetry: Ef fects of lipid headgroup 

and chain length 

Wl. Keller, Wl. Kerth, and A. Blume 
Fachbereich Chemie, University of Kaiserslautern, 

Genmany 

We have studied the interaction of the surfactant 
octylglucoslde (OG) with vesicles composed of phos
phatidylcholines (PC), phosphatidylethanolamlnes 
(PE), phosphatldic acids (PA), and phosphatldylglyc-
erols (PG) using high sensitivity titration calonmetry. 
This method Is suited to determine the phase 
boundanes between the region where vesicles of 
varying composition are stable, the two-phase region 
of mixed vesicles and mixed micelles, and the region 
where only mixed micelles exist. The expenment, 
where both phase boundanes are crossed and the 
vesicles are completely converted Into micelles 
(solubilization experiment) were performed by adding 
the micellar surfactant solution to pure lipid vesicles. 
Addition of lipid vesicles to surfactant below the cmc 
or vice versa (partition expenment) yields the parti
tion coefficient of the surfactant between water and 
bilayers and the transfer enthalpy of the surfactant 
from water to the bilayer [1,2]. Companson with the 
micellizatlon enthalpy of the surfactant gives Infor
mation on differences in hydrophobic environment in 
a liquid-crystalline bilayer and a micelle [2,3]. 
[1] H. Heeri<lotz, G. Lantzsch, H. Binder, G. Klose, and 

A. Blume (1996) J. Phys. Chem. 100, 6764-6774 
[2] Wl. Keller, Wl. Kerth, and A. Blume (1997) Biochim. 

Biophys. Acta, 1326, 178-192 
[3] S. Paula, W. Süs, J. Tuchtenhagen, and A. Blume 

(1995) J. Phys. Chem. 99, 11742-11751 

P99 
Precursor wetting, film formation and critical 

adsorption from liquid mixtures against 

different 'spectator' p h a s e s studied by 

ellipsometry and neutron reflectometry 

James Bowers, Jens Schuiz, Heidrun Dorsch, and 
Gerhard H. Findenegg. 
Iwan N. Stranski Institut, Technical University of Berlin, 
Genmany 

The aim of this contnbution Is to compare the wetting 
and cntical adsorption behaviour of an aqueous 
amphiphile system against three different substrates 
('spectator phases'), specifically a solid, an inert 
liquid, and the gas phase. The chosen system, iso-2-
butoxyethanol (referred to as the amphiphile) + 
water, exhibits an upper miscibility gap with a lower 
critical solution point. 

Measurements of the ellipticity of the free surface at 
near-critical compositions reveal the well-known 
cntical adsorption behaviour, but with the surprising 
result that the water Is the excess component at the 
interface. Towards water-rich compositions the 
enhanced adsorption which occurs as the phase-
separation temperature Is approached falls off very 
quickly. However, towards amphiphlle-rich composi
tions a high adsorption, possibly multilayer 
adsorption, regime persists - which we temn a 
precursor wetting layer. Such an 'Inverted' wetting 
behaviour has also been found for related amphiphile 
+ water systems [1] and is consistent with eariier 
obsen/ations of the behaviour at liquid-liquid coexis
tence in such systems [2]. 

The same amphiphile + water system was also 
studied against perfluoroheptane which acts as an 
inert spectator phase. At this interface the amphiphile 
is preferentially over the entire composition range as 
was independently proven by measuring the interfa
cial tension as a function of amphiphile concentration. 
Wori< is now underway Investigating adsorption from 
this mixture at a silicon/liquid Interface as a function of 
temperature and composition. The silicon surface 
offers many possibilities for surface modification - for 
example the surface can be made hydrophobic or 
even PTFE-IIke - and comparisons between the three 
different types of spectator phase can be made. 
Neutron reflectometry represents a complementary 
method for studying these Interfaces when normal 
water Is replaced by heavy water. Although the 
Isotopic substitution causes a significant shift of the 
coexistence curve, the ellipticity measured at the free 
surface is unaltered. Neutron reflectometry should 
furnish extra information concerning the microscopic 
surface structure and aid the Interpretation of capil
lary-wave contributions to the ellipticity. In the related 
system 2-butoxyethanol-Hheavy water, initial reflectiv
ity experiments reveal the free surface to be 
surprisingly highly ordered. 

In the presentation, the results of existing and 
ongoing ellipsometric and neutron reflectometry 
experiments with different spectator phases will be 
discussed with emphasis placed on distinguishing 
critical adsorption from 'precursor wetting' and how 
the specific spectator phase Influences the adsorp
tion behaviour 

[1] A. Hirtz, G.H. Findenegg, J. Ptiys.: Condens. 
Matters (1996) 9541. 

[2] M. Kahlwelt, G. Busse, J. Chem. Phys. 91 (1989) 
1339. 
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Adsorption of dimeric (gemini) surfactants at 

the aqueous solution/si l ica interface 

C. Chorro', M. Chorro', O. Dolladille', S. Partyka', 
and R. Zana ' 
' LAMMI, University of Montpellier II, France 
' ICS-CRM (CNRS, ULP), Strasbourg, France 
The adsorption on silica of four alkanedlyl-a ,(o-bls-
(dodecyldlmethylammonium bromide) dimeric surfac
tants with the alkanedlyl spacer groups C2H4, C4H8, 
C6H12, and C10H20 (the corresponding surfactants are 
referred to as 12-2-12, 12-4-12, 12-6-12 and 12-10¬
12, respectively), has been Investigated by measur
ing the amount of surfactant adsorbed, the sodium 
and bromide ion concentrations in the supernatant 
solution along the binding isotherm and the electro
phoretic mobility of the silica particles. The maximum 
amount of adsorbed surfactant was found to Increase 
in the sequence 12-10-12 < 12-6-12 < 12-4-12 < 12¬
2-12. All the adsorption Isotherms showed a rapid 
but small Increase of the amount of adsorbed sur
factant, r, followed by an adsorption plateau 
corresponding to a P value that was neariy Inde
pendent of the spacer carbon number. The point of 
zero charge was reached at the beginning of the 
plateau and the value of P at this point was neariy 
independent of the spacer carbon number. In this 
first adsorption step, the residual sodium ions pres
ent at the silica surface are released upon binding of 
dimeric surfactant to the silica surface (exchange 
process). The length of the adsorption plateau 
depends strongly on the nature of the surfactant, 
being the shorter for the most hydrophobic surfac
tant, i.e. 12-10-12. At the end of the adsorption 
plateau the value of f shows a second very rapid 
increase when plotted against the concentration of 
free surfactant. This increase Is accompanied by a 
decrease of the pH of the supernatant, from 6.5 to 
about 4.0, and by an increase of the concentration 
ratio R = [free bromide ion]/[free surfactant ion). This 
second adsorption step corresponds to the formation 
of surfactant aggregates at the silica surface. Part of 
the bromide Ions are shown to be bound to these 
aggregates which are however more ionized than the 
free micelles fonmed by the dimeric surfactants 
investigated. The fraction of bound dimeric surfactant 
Ions is always larger than that of the corresponding 
monomeric surfactant. 

P101 
Incorporation of f luorocarbon oils into 

hydrocarbon chain surfactant monolayers 

R. Aveyard, B.P. Binks, D. Crichton and P.D.I. Fletcher 
Surfactant Science Group, School of Chemistry, 
University of Hull, U.K. 

The behaviour of surfactants In mixtures with water 
and oil Is strongly dependent on how the oil pene
trates Into the oily tail region of the surfactant 
monolayer This Is of relevance to cleaning proc
esses and to the formation of microemulsions. 
Previous work at Hull has Investigated the adsorption 
of n-alkanes into monolayers of surfactants contain
ing alkyl tall groups [1]. We have also investigated 
the "undulation" forces resulting In multilayer forma
tion, present when short chain alkanes are adsorbed 
into AOT monolayers [2]. In this work we are Inter
ested in the interactions between fluorocarbons and 
hydrocarbons. Since fluorocarbon chains have a 
greater rigidity than hydrocarbons and also tend to 
demix from hydrocarbons [3], the adsorption of 
fluorocarbons by hydrocarbon chain surfactants Is 
expected to be rather different to that of alkane oils. 
Recently, we have developed a method whereby the 
oil activity can be varied by controlling the oil vapour 
pressure. Using tension methods, we have deter
mined the complete adsorption Isotherms of octane 
and perfluorooctane on fluoro and hydro- sodlumoc-
tanoate monolayers at different temperatures, to 
determine the isosteric and equilibrium enthalpies of 
mixing. We have also studied the effect of interac
tions between fluorocarbon and hydrocarbon chains 
by looking at the solubilisation of the oils Into the 
surfactant micelles. 

[1] R. Aveyard, B.P. Binks, P.D.I. Fletcher and J.R. 
Macnab, Langmuir^^, 2515 (1995) 

[2] H. Kellay, B.P. Binks, Y. Hendrikx, L.T. Lee and J. 
Meunier, Adv. Colt Int Sci. 49, 85 (1994). 

[3] Specialist Surfactants, Ed. I.D. Robb, Chapman 
and Hall, London (19961) 

P102 
Interactions of phosphol ipase with substrate-

monolayers 

U. Dahmen-Levison, G. Brezesinski, H. Möhwald 
Max-Planck-lnstitut for Colloid and Interfacial Science, 
Berlin, Genmany 

The enzymatic hydrolysis of a substrate monolayer 
can be described as proceeding in two steps. The 
first consists of enzyme adsorpfion to the mono
layer; the second step is catalytic hydrolysis. 
Phospholipase A2 (PLA2) hydrolyzes the sn-2 ester 
bond of L-phosphollplds. A synthetic phospholipid, 
D-dlpalmltoyl-phosphatidylchollne (D-DPPC), Is 
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bound but not cleaved. For this reason, the D-
enantlomer Is Ideal for the Investigation of enzyme 
adsorption. Fluorescence microscopy studies have 
show/n that the enzymes accumulate at the Interface 
between liquid-condensed and liquid-expanded 
phases. In the presence of the L-enantiomer, 
hydrolysis commences at condensed domains. With 
polanzatlon-modulated Founer transform, infrared 
spectroscopy, we were able to monitor in situ the 
enzyme reaction at the water-air interface. The 
activity Is highest In the transition region. At low 
surface pressures, the pressure area isotherms 
show an Increase In pressure up to 14 mN/m due to 
enzyme penetrating In the monolayer, whereas at 
high pressures (30 mN/m) only very small changes 
are seen. MIcrocalonmetnc experiments were used 
to obtain the thermodynamic and kinetic parameters 
of the enzymatic reaction. The monolayer structure 
was determined by grazing-incidence X-ray diffrac
tion. At all surface pressures investigated, the 
DPPC monolayer exhibited an oblique structure. 
Upon the adsorption of PLA2, a rectangular struc
ture was observed. The tilt angles of the aliphatic 
chains of the monolayer are dramatically reduced 
upon enzyme adsorption, pnmanly due to an 
enzyme-induced increase in the packing efficiency. 

P103 
Surface chemistry of apatite dissolution 

Sergey V. Dorozhkin 
Research Institute of Fertilisers and Insectofungicides, 
Moscow, Russia 

Pure apatite (hydroxyapatite, carbonateapatite and 
fluorapatlte) Is widely used as a biological material, 
because its chemical composition Is very close to the 
Inorganic part of animal and human bones and teeth. 
Like natural bones, the artificial biological materials 
based on apatite (or covered with apatite) are in 
constant interaction with vanous biological and 
chemical substances Inside a human body. That Is 
why, surface chemistry of apatite dissolution Is so 
Important for the correct simulation of processes 
occurnng with bones and artificial substitutes In vivo. 
The very recent investigations resulted in a conclu
sion that the following chemical reaction of apatite 
dissolution In acids: 

Ca5(P04)30H + 7H* = 5Ca'* + 3H2PO4" + H2 (1) 

was unable to descnbe the real surface phenomena 
occurred on apatite during dissolution. So, a new 
chemical logic for the surface mechanism of apatite 
dissolution was developed: 

Ca5 (P04)30H + H* = Ca5(P04)3(H20)* (2) 

2Ca5(P04)3(H20)* = 3Ca3(P04)2 + Ca^* + H2O (3) 

Ca3(P04)2 + 2H* = Ca ' * + 2CaHP04 (4) 

CaHP04 + H* = Ca'* + H2PO4" (5) 

The new dissolution mechanism (2) - (5) appeared to 
be In a good agreement with experimental results 
obtained by different investigators and for the first 
time described surface irregularity (incongruence) of 
dissolution of different ions at the atomic level. This 
mechanism Is also able to describe some surface 
phenomena of dental caries. 

P104 
The physico-chemical behaviour of sterol 

ethoxylates 
Britta Foimer'. Martin Svensson', Krister Holmberg', 
Wyn Brown' 
' Institute for Surface Chemistry, Stockholm, Sweden 
' Department of Physical Chemistry, Uppsala 

University, Sweden 
There Is a current interest in environmentally 
friendly surfactants. Due to ready biodegradadation 
and low toxicity, natural based amphiphiles are of 
interest used to replace conventional surfactants in 
many Industrial applications. For example, there Is a 
need to replace nonylphenol as a hydrophobe In 
nonionic surfactants. Sterols, such as phytosterol 
and cholesterol, represent a group of bulky hydro
phobic alcohols of potential Interest as surfactant 
hydrophobe. In this work the physic-chemical 
behaviour of a series of phytosterol ethoxylates was 
studied. The phytosterols had been extracted from 
soya beans. A striking difference In behaviour 
between the phytosterol ethoxylates and alcohol 
ethoxylates used as reference surfactants was 
observed during measurements of the critical 
micelle concentration by tenslometry. For the sterol 
based surfactants, the cmc increased with de
creasing polyethoxylane chain length. At low 
concentrations the micelle structure and aggrega
tion number were studied using NMR and dynamic 
and static light scattering. With increasing hydro
phobicity of the surfactant, the micelle structure 
changed from large spheres via small spheres to a 
rod-like structure. At higher concentrations liquid 
crystals were formed. The surfactants formed large 
cubic phases over a wide concentration range. 
Even at high temperatures, these cubic phases 
remained stable. Lamellar phases were only ob
served for the most hydrophobic surfactant studied. 
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P105 P106 
Gradual disintegration of protein lumps 

contained in thin emulsion fi lms: Role of the 

surface diffusion 

T.D. Gurkov'. A. Zdravkov', K.G. Marinova', B. 
Campbell ', and R.P. BooAfankar' 
' Laboratory of Thermodynamics and Physico-Chemical 

Hydrodynamics, University of Sofia, Bulgaria 
' Kraft General Foods, Inc., Glenview, Illinois, USA 
This paper discusses the experimentally observed 
phenomenon of progressive squashing and disap
pearance of protein lumps pressed between the 
surfaces of thin liquid films. We study aqueous films, 
sandwiched between styrene phases. In the pres
ence of bovine serum albumin (BSA). The protein 
undergoes surface aggregation: Films made in aged 
systems, more than about 30 minutes after loading of 
the two phases in the cell, comprise large protein 
clusters. No aggregation in the bulk of the solution Is 
detected whatsoever The lumps that reside on the 
Interfaces contain protein molecules in partially 
denatured state, entangled with their neighbours. 
The aggregation is seen to be reversible. The excess 
material, entrapped In Newton black films of emul
sion type. Is gradually squeezing out, and the 
particles are destroyed under the action of the 
capillary pressure. Finally, the whole film becomes 
unifonmly thin and black, as the lumps disappear 
This process takes relatively short period of time-
usually about 1-2 minutes. A question can be raised 
about the kind of physical mechanism which is 
responsible for removing the protein from the clus
ters. Dissolution of molecules into the bulk aqueous 
phase that fills up the film interior should be ruled 
out, as the redispersion Is quite slow. The molecular 
migration by surface diffusion is found to be the 
dominating process of transport. The lump shrinks 
isotropically, at least In a certain range of sizes, and 
the squeezing pressure remains constant. A simple 
theoretical model Is formulated for this system. We 
solve numerically the mathematical problem for 
finding the lateral distribution of the surface concen
tration of protein as a function of position and time, 
for an aggregate whose size gradually diminishes. 
The time dependence of the particle diameter Is 
computed, and the results are compared with data 
measured experimentally, by means of direct micro
scopic obsen/ations (reflected light interferometry) in 
thin emulsion films containing BSA. Very good 
agreement is obsen/ed. In order to achieve the best 
fit we vary one free parameter whose value gives the 
maximum adsorption along the rim where the lump is 
attached to the Interface. This adsorption tums out to 
be of the order of five times the equilibrium one, 
which suggests formation of multilayers. 

Elast ic moduli of charged membranes -

changes in ionisation during bending 

Martin Hoffmann ' and Sylvio May ' 
' Institut für Biochemie und Biophysik, Friedrich-Schiller-

Universitat, Jena, Gennany 
' Department of Physical Chemistry, Fritz Haber 

Research Center, Jerusalem, Israel 
Recently, progress has been made in assigning the 
electrostatic contribution to the curvature elastic 
moduliA-and/tf l ] of charged amphiphilic membranes 
[2]. It has now become clear that membrane surface 
charges may contribute considerably to the elastic 
membrane behavior [3]. So far, changes In ionization 
during bending, which are most important for low and 
medium charged membranes at low screening, have 
not been taken Into account. Here, we present 
partially analytic results forA^andA:, firstly under the 
condition that the surface charge density is fixed 
during bending and, secondly, that changes In 
ionization can take place through a finite dissociation 
constant. 
Chain, Interfacial and steric headgroup repulsion 
terms are Included using mean-field chain statistics 
and the opposing forces model. The calculations are 
perfonned for mono- and bilayer membranes and are 
compared to current experimental studies on micro
emulsions [4]. 

Constant Ionization Change in ionization 

[1] W. Helfrich, Z. Naturforsch. 28 c, 693 (1973) 
[2] H. N. W. Lekkerkerker, Physica A 159, 319 

(1989); D. J. Mitchell, B. W. NInham, Langmuir 5, 
1121 (1989); M. Winterhalter, W. Helfrich, J. 
Phys. Chem. 88 ,6865 (1988) 

[3] S. May, J. Chem. Phys. 105 (18), 8314 (1996); J. 
Dalcic, A. Fogden, I. Garissen, H. Wennerström, 
B. Jönsson, Phys. Rev. E 54 (4), 3984 (1996); A. 
Fogden, J. Dalcic, D.J.Mitchell, B.W.NInham, 
Physica A 234, 1-2, 151-166 (1996), C. A. Helm, 
L. Laxhuber, M. Lösche, H. Möhwald, Coll. Pol. 
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Sci. 264, 46 (1986); H. Hauser, Proc. Natl. Acad. 
Sci. 86, 5351 (1989) 

[4] J. Eastoe, D. Stiarpe, R. K. Heenan, S. Egelhaaf, 
J. Phys. Chem. B 101, 944-948 (1997); M. Grad
zielski, personal communication 

P107 
Layering transit ions, internal multilayer 

structure, and properties of LC-three-block 

amphiphilic smectogens at the air/water 

interface 

M. Ibn-Elhai\ H. Riegler', H. Möhwald', M. 
Schwendler' C. A. Helm^ 
' Max-Planck-lnstitut für Kolloid- und Grenzflachen

forschung, Berlin, Gennany 
' Institut für Physikalische Chemie, Johannes Gutenberg-

Unlversitat Mainz, Gemiany 
^ Fachrichtung Strukturforschung, Universitat des 

Saariandes, Saarbrücken, Germany 
The structure and layering transitions of ultrathin 
films of different three-block smectogens at the 
alr/w/ater interface has been studied. Reversible 
layer-by-layer growth starting from a single mono
layer Is observed. Details of the molecular ordering 
and film properties are investigated via x-ray reflec
tivity and surface potential measurements. The film 
consists of a monolayer in direct contact with the 
aqueous subphase and bilayers on top of it. In the 
monolayer the molecules are tilted. In the bilayer an 
upright interdigitated arrangement similar to the bulk 
is observed. Presumably the molecular ordering In 
successive bilayers Is slightly different due to the 
influence of the nearby film/water interface. 
[1] M. Ibn-Elhaj et al. (1996), J. de Physique I France 

6: 969 

[2] M. Ibn-Elhaj e ta l . (1997), Phys. Rev. E, In print 

P108 
Thermodynamics of micelle formation of 

alkylpolyglucosides, polyoxyethyleneglycol 

dodecyl ethers and sodium dodecyl sulfate - a 

titration microcalorimetric study 

Braiesh K. Jha, Martin Svensson and Krister Holmberg 
Institute for Surface Chemistry, Stockholm, Sweden 
Thermodynamic quantities of micellizatlon like the 
Gibbs energy A Gmio, the enthalpy A Hmic, and the 
entropy A Sn,ic give a valuable insight Into the princi
ples which govern the formation of micelles [1]. In the 
present woric, titration microcalorimetry was em
ployed to measure the critical micelle concentration 
(CMC) and the heat of micellizatlon A Hmio of the 
surfactants at temperature between 293K - 313K. 
Experimental studies were done using a commercial 
alkylpolyglucosides (APGs), polyoxyethyleneglycol 

dodecyl ethers, Ci2H25(OC2H4)xOH (x = 7 and 8), and 
sodium dodecyl sulfate (SDS). The experimental 
results for CMC and A H^o for R12EO7, R12EO8 and 
SDS were found to be In the close agreement with 
the literature values [2,3]. Comparison of measure
ments show that although APGs are nonionic like the 
fatty alcohol ethoxylates, the interaction of sugar 
residues with water makes the energetic processes 
of APGs different than ethoxylates. 
[1] C. Tanford, Ttie Hydroptiobic Effect: Formation of 

Micelles and Biological Membranes, 2nd Ed.; 
Wiley; NewYork, 1980. 

[2] B.Andersson and G. Olofsson, J. Chem. Soc, 
Faraday Trans. 1, 89 (1985) 1473. 

[3] I. Johnson, G. Olofsson and B. Jonsson, J. Chem. 
Soc, Faraday Trans. 1, 83 (1987) 3331. 

P109 
Interaction of sugar -based surfactants with 

l ipases 

Braiesh K. Jha, Martin Svensson and Krister Holmberg. 
Institute for Surface Chemistry, Stockholm, Sweden 
The Interaction of lipases with surfactants Is signifi
cantly influenced by surfactant characteristics, ionic 
strength and pH of the solution [1]. The present work 
is a part of a more extensive study on the interaction 
of amphiphiles with lipases, wherein the pure alkyl-
glucosides and technical grade alkylpolyglucosides 
surfactants were used as an attempt to Increase the 
knowledge, which can provide a practical benefits 
related to the manufacture of cosmetic products and 
detergents. Lipase from the Humlcola lanuginosa 
(HIL) was used In the study. The surface tension 
measurements were made in 1 mM phosphate buffer 
of pH 7.5 at 25 ± 0.1 °C, using the du Nouy ring 
technique. The surface tension data were treated In 
ternis of the Gibbs adsorption equation to calculate 
the surface excess concentration, area per molecule 
at the aqueous solution/air interface, and standard 
free energies of micellizatlon and adsorption [2]. The 
data show no indication of direct surface interactions 
between APGs and HIL, similar to the ethoxylated 
surfactants [3]. However, the strong interactions 
between didodecyldimethylammonlum bromide 
(DDDMAB) and HIL create an enhanced adsorption 
of both components to the air-water interface which 
further confirms that only when the head group Is 
positively charged, the lipases fonn specific binding 
with surfactants. 

[1] D.N. Rubingh, Curr Op. Coll & Int Sc. 1 (1996) 
598. 

[2] M. J. Rosen, Surfactants and Interfacial Phenom-
ena,W\\eY. NewYork, 1989. 

[3] P. Skageriind and K. Holmberg, J. Disp Sc. Tech. 
15 (1994) 317. 
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P110 
Substance character ist ics in the nucleation 

p r o c e s s 

Kurasov V.B., 
Saint-Petersburg University, Russia 
The fine properties of substance ordinary hidden 
from observation manifest themselves In the process 
of the phase transformation. They can be observed 
only when the embryo is described by the several 
characteristics which leads to the multidimensional 
version of nucleation. To extract these properties one 
has to construct the general theory for the multidi
mensional phase transformation. This fomns the goal 
of the current theoretical investigation. 
The state of the embryo of the new phase has to be 
described by the set of variables Instead of unique 
characteristic - the size of the embryo. On one hand 
the set of variables gives more accurate description 
of the phase transformation. On the other hand one 
can get the new thermodynamic and kinetic charac
teristics of the substance under the multidimensional 
condensation. 

The definition of the embryo characteristics have to 
be given In frames of the GIbbs dividing surfaces 
method. The most convenient way is to extract one 
extensive variable and the set of Intensive ones. 
On the base of the GIbbs adsorption equation one 
can get the solution of the generalized Wilemskl-
Renlnger paradox, which has the essential effect on 
the position of the saddle points of the free energy 
surface. The next task is to establish the variations of 
the variables of the description In the "elementary" 
interaction of the embryo with the environment. As 
far as there appeared the surface surplus quantities 
of the Intensive characteristics it fonns the special 
problem. As the resuit one can formulate the evolu
tion equation for the characteristics of the embryo. 
Kinetic equation of general type (certainly In Markov 
approximation) must contain the finite differences 
produced by the finite changes of the variables In the 
elementary Interactions. As the result the evolution 
equation is reduced to the high order differential 
equation and ordinary one can not use the Fokker-
Planck approximation and reduce it to the second 
order differential equation. 

The next step In solution of the nucleation problem Is 
extraction of the main operator In the kinetic equa
tion. The main operator must be effectively inverted 
which will produce the iteration procedure with the 
high rate of convergency. This iteration procedure 
has been constructed. It is shown that the form of the 
main operator Is associated with the approximation 
for the free energy near the saddle point. It is essen
tial to know the eigenfunctions for the main operator 
When the saddle point corresponds to the middle 
area of the intensive variables the eigenfunctions for 
the main operator are the Hermlte polynomials. 

Surfactants at Inteifaces 

When the saddle point is near the bound value of an 
Intensive variable the eigenfunctions for the main 
operator are the Laguerre polynomials. 
The analysis of the symmetry which allows the fonn 
of the main operator leads to the new variables In 
order to vanish some tenns in kinetic equation. It will 
Increase the rate of convergence in the iteration 
procedure. In this procedure the action of the addi
tional operator can be interpreted as the 
superposition of the operators of secondary quanti
zation. As the result the high converged series of 
approximations Is constructed. 
The last result allows to see the role of the charac
teristics of the substance In the process of the phase 
transformation. Also the inverse problem can be 
studied which produce the substance characteristics 
on the base of the experimentally observed rates of 
nucleation with very high accuracy. This program has 
been fulfilled analytically and the final fonnulas for 
the dependence of the rate of nucleation on the 
substance characteristics are presented. The theory 
is illustrated by the numerical examples. 

P111 
The dynamic of adsorption of soluble 
surfactants at liquid Interface: diffusion 
controlled versus mixed kinetics 

L. Liggieri, M. Ferrari, F. Ravera and A. Passerene 
Istituto di Chimica Fisica Applicata dei Materiali, CNR, 
Geneva, Italy 

Although adequate to describe the dynamics aspects 
of adsorption for most soluble surfactants at liquid 
interfaces, the classical diffusion controlled approach 
falls in some cases. This has been attributed to the 
presence of additional transport mechanisms with 
characteristic time comparable with that of diffusion 
as, for example, an activation barrier In the exchange 
of surfactant between the sublayer and the interface. 
In this case the adsorption process is commonly 
named "mixed kinetics" and the adsorption proeess 
Is slower than predicted by the diffusion controlled 
approaeh. 

A more general theory treating the adsorption 
kinetics as and extended diffusion problem has been 
recently presented to describe these process. 
One important consequence of the ttieory is that the 
interface coverage ean act Itself as a barrier to 
adsorption in the exchange sublayer-Interface so that 
adsorption can occurs in a way Intrinsically controlled 
by the adsorption Itself 
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P112 P113 
Kinetics of adsorption from micellar solutions 
of phosphine oxides at the water/air interface 

A. Makievsl<i ' • ' , R. Miller', G. Loglio ^, V.B. Fainerman' 
' Max-Planck-lnstitute of Colloid and Interface Science, 

Berlin, Gennany 
'institute of Technical Ecology, Donetsk, tJkraine 
^ Department of Organic Chemistry, University of 

Florence, Italy 
The adsorption kinetics of surfactants from micellar 
solutions is a problem of large practical relevance. 
However, such systems are Investigated only rarely. 
Most of all the lack of methods fast enough the follow 
the rapid processes can explain this situation. 
Recently developed Instruments such as the maxi
mum bubble pressure tensiometer and the oscillating 
bubble method work at extremely short adsorption 
times of less than 1 ms and at frequencies of several 
hundred Hz, respectively. Thus these techniques 
allow to get information about rather fast processes 
such as the effect of the dissolution/formation of 
micelles and Its impact on adsorption kinetics. 
The expenments are perfonmed with alkyl dimethyl 
phosphinoxides which are very suitable model 
surfactants. They have been used in many different 
studies and therefore a rather broad and accurate 
knowledge about their thermodynamic behaviour 
exists. Also the adsorption kinetics at concentrations 
below the CMC is well understood. The present 
studies are perfonned with both the maximum bubble 
pressure and oscillating bubble methods. New 
infonnation about the adsorption kinetics at concen
tration above the CMC are obtained. The data are 
discussed in terms of diffuslonal transport and 
different mechanisms of micellar kinetics. This will 
allow to test the capacity of different theories devel
oped recently [1 - 3] and to demonstrate how micellar 
parameters can be determined. The resulting data 
will be compared with those obtained from other 
methods. 

[1] R.Miller, Colloid and Polymer Sci. 259(1981)1124. 
[2] V.B.Fainerman and A.V.MakievskI, Colloid 

Surfaces 69(1993)249; A.V.MakievskI, 
V.B.Fainerman and P.Joos, J.Colloid Interface 
Sci., 166(1994)6. 

[3] K.D.Danov, P.M.VIahovska, T.Horozov, 
C.D.Dushkin, P.A.Kralchevski, A.Mehreteab and 
G.Broze. J.Colloid Interface Sci., 183(1996)223. 

A critical comparison of adsorption models for 
soluble surfactants 

H. Motschmann. S. Bae, M. Harke, K. Lunkenheimer 
Max-Planck Institut for Colloids and Interfaces, Bedin, 
Gennany 

The adsorption isotherm of a soluble anionic surfac
tant was measured and discussed within the 
framework of established thermodynamical models. 
The adsorbed amount denved by these models were 
cntically compared with the results obtained by 
Second Hannonic Generation, SHG, SHG can be 
used as a highly surface specific probe providing the 
means to determine the orientation of the molecules 
within the adsorption layer as well as their number 
density. Since no thermodynamic quantities are 
involved in the interpretation of SHG measurements, 
the data can be used to cntically assess the validity 
and undedying assumptions of thermodynamic 
adsorption models e.g. the Frumkin model. The 
expenments show good agreement with the Frumkin 
model. No Indication of a subsurface layer was 
evident. A special point of interest was to evaluate if 
the factor In the Gibbs relation for the surface excess 
Is equal to 2 In the case of an ionic surfactant in the 
absence of indifferent electrolyte. 

P114 
Manipulation of insoluble monolayers at the 
air-water interface via the gas phase 

H. Motschmann. M. Harke 
Max-Planck Institute of Colloids and Interfaces, Beriin 
Gennany 

Insoluble monolayers at the air-water interface were 
exposed to a gas phase containing organic vapours. 
The presence of hydrocarbons In the gas phase lead 
to changes In the molecular organisation within the 
interfacial region which were monitored by surface 
tension measurements. Imaging Null-ellipsometry 
and Second Harmonic Generation. Incorporation of 
the hydrocarbons within the monolayer leads to 
significant changes In the orientation of the surfac
tant and Its corresponding Isotherm. The change In 
the tilt angle of the amphiphile is governed by both 
the molecular geometry of the hydrocarbon and the 
amphiphile. Different organic vapours and amphi
philes were used In order to correlate molecular 
structure and macroscopic quantities. The presence 
of hydrocarbons In the gas phase can induce new 
and highly ordered phases. For Instance the phos
pholipid DPPE possesses at room temperature a 
fairiy simple isothenn with a single transition from the 
gas to the liquid expanded state. In contact with 
alkanes a coexistence region Is observed. A highly 
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ordered solid like phase with round domains pos
sessing an internal six fold symmetry could be 
identified. The control of the gas phase composition 
allows deliberate control of the growth of domains 
and leads to a deeper understanding of the macro
scopic oil-water interface, 

P115 
A microcalorimetry study of aot/cosurfactant 
reversed micel les 

LuisM, M, Nazario'. T, Alan Hatton', Joao P, S, G, 
Crespo' 
' Dept, Quimica, Fac, Ciências e Tecnologia, 

Universidade Nova de Lisboa, Portugal 
' Massachusetts Institute ofTechnology, Cambridge, 

MA, USA 
This communication discusses the results obtained 
for the solubilization heat In AOT/cosurfactant micro
emulsions using titration calorimetry. The cosurfac
tants selected were: I) linear chained alcohols and 
polyoxyethylene alkyl ethers (CiEj), Two types of 
solubilization studies were done: 1) to an AOT 
solution in isooctane with a certain amount of water, 
alcohol was added; 2) to an AOT solution In isooc
tane with or without cosurfactant, water was added. 
The results obtained are interpreted and discussed 
based on a simple model that takes into account the 
individual processes that are involved in the solubili
zation (solvation, dilution in the organic continuum, 
hydrogen bonding, micellar clustering and interfacial 
rearrangement) and attempts to establish the relative 
contributions of each process to the overall energet
ics. For systems containing cosurfactants, the results 
are consistent with the discussed solubilization site, 

P116 
Micellizatlon kinetics at the liquid-gas 
interface: capillary wave study 

B,A. Noskov, D.O. Grigoriev 
Dept. of Colloid Chemistry, St. Petersburg State 
University, Russia 

It Is well established now that adsorption kinetics of 
surfactants Influences the damping coefficient of 
surface waves and the capillary wave method can be 
used for kinetic studies [1,2]. On the other hand, 
above the CMC micelles take part in the transfer of 
matter to and from the surface thus changing dy
namic surface properties and characteristics of 
surface waves. This idea was used by Lucassen In 
1975 to calculate the dllatlonal dynamic surface 
elasticity of micellar solutions. Recently more elabo
rate theories have been developed [3,4]. They take 
Into account more detailed picture of the micellizatlon 
process and connect dynamic surface properties with 

characteristics of the size distribution of surfactant 
aggregates. Nevertheless only longitudinal surface 
waves were used to investigate micellizatlon kinetics 
until recently. Moreover it has been stated that 
surface wave techniques are not effective for liquid 
surfaces when surfactant concentration in the bulk 
phase is above the CMC. The aim of this work Is to 
show that the capillary wave method is applicable to 
micellar systems. 
New experimental technique which Is based on the 
application of a capacity wave probe has been used 
to determine wave properties [2], The damping 
coefficient and the length of the capillary waves on 
the surface of aqueous solutions of anionic and 
cationic surfactants have been measured as func
tions of frequency and of surfactant concentration. If 
the period of capillary waves and the relaxation time 
of the slow step of the micellizatlon process are 
comparable, micellizatlon kinetics influences char
acteristics of capillary waves. In this case 
concentration dependency of the damping coefficient 
has a local maximum at the CMC. For solutions with 
slower aggregation processes (solutions of sodium 
dodecylsulfate, for example) the damping coefficient 
does not depend on the concentration above the 
CMC for all frequencies used In this work (70 Hz -
700 Hz). The theory of dynamic surface properties 
has been used to determine the relaxation time of 
micellizatlon. The obtained results are In agreement 
with corresponding data measured In the course of 
relaxation studies of the bulk phases. 
[1] B.A. Noskov, Adv Colloid Interf Sci GB, 63 (1996). 
[2] B.A. Noskov and D.O. Grigoriev, Progr Colloid 

Po/ym Sc; 97, 1 (1994). 
[3] C. Duschkin, I. Ivanov, and P. Kralchevsky, 

Colloids and Surfaces, 60, 235 (1991) 

P117 
study of DPPC/TC/Water phase diagram by 
coupling of synchrotron S A X S and D S C : I 
equilibration kinetics 

L. Forte', K. Andrieux', G. Keller', C. Grabrielle-
Madelmont', S. Lesieur', M. Paternostre'. M. Ollivon '. 
C. Bourgaux', and P. Lesieur' 
' Laboratoire de Physico-Chimie des Systèmes 

Polyphasés, Université Paris-Sud, Chêtenay-Malabry, 
France 

' Laboratoire pour rutilisatlon du Rayonnement Electro-
magnétique, Université Paris-sud, Orsay, France 

In the small intestine, bile salts (BS) solubllize dietary 
lipids and their digestion products in the fonn of 
mixed micelles favoring their adsorption by epithelial 
cells [1]. Also, In the bile, cholesterol solubiliza-
tion/deposltlon depends on the mixed aggregates 
fonned by phospholipids and BS mixtures. The self-
aggregation of BS and phospholipids results, de-
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pending on their molecular [BS]/[lipid] ratio, In 
vesicles at low ratio and mixed micelles at high ratio. 
A micelle-vesicle transition is induced by BS removal 
from mixed micelles, while the reverse process Is 
controlled by BS addition to vesicles. Both processes 
are l<inetlcally controlled [2]. We have recently shown 
that, the rate of sodium taurocholate (TC) addition into 
a liposome suspension directly influences the amount 
of TC needed to solubllize phosphatidylcholine (PC) 
vesicles, although the solubilization profiles were 
unchanged. In this study, as a prerequisite for the 
detennination of the phase diagram of the 1,2-
dipalmitoyl-phosphatidylcholine (DPPC)/TC /water 
system, equilibration kinetics are examined as a 
function of TC/PC ratio, time and temperature. For this 
purpose, aqueous suspensions containing mixtures of 
TC and DPPC were examined by Small-Angle X-Ray 
Scattering (SAXS) and Differential Scanning Calo
rimetry (DSC). A new technique, coupling synchrotron 
SAXS and ultrasensitive DSC in the same apparatus 
was developed and used. In addition to Its high 
sensitivity, this technique offers the noticeable ad
vantage that the same sample with the same themnal 
history can be studied by both techniques at the same 
time. The slow fomiation of a new phase has been 
observed and characterized by SAXS, DSC and the 
coupled SAXS/DSC techniques at TC/DPPC ratios for 
which only mixed micelles were previously observed 
by light scattering measurements. Its domain of 
existence was delimited as a function of TC and 
DPPC concentrations, temperature as well as storage 
duration. 

[1] D.J. Cabral & D. Small, Handbook of ptiysiology, 
The gastrointestinal system III, 1990, pp. 621-662. 

[2] G. Ramaldes, E. Fattal, F. Pulsieux, M. Ollivon, 
Solubilization kinetics of phospholipid vesicles by 
sodium taurocholate. Colloids and Surfaces B: 
Blointerfaces 6 (1996) 363-371 

P118 
On the influence of surface-active trace 

impurities on surface properties of aqueous 

solutions of oligoethylene glycol monooctyl 

ethers 

Torsten Priester: Klaus Lunkenheimer 
Max-Planck-lnstitut für Kolloid- und Grenzflachen
forschung, Beriin, Germany 
The equilibrium surface tension (oe) vs. logarithm of 
concentration (In c) isotherms of surfactants when 
used "as received" usually reveal a broad adsorption 
range of constant slope, doe/dlnc. This linear de
pendence of the equilibrium surface tension on the 
logarithm of the surfactant concentration which is 
obseri/ed for various surfactants at any fluid Interface 
would result In a constant adsorption (surface 
concentration F) with Increasing bulk concentration. 

This contradicts the fundamental GIbbs equation (1) 
according to which a continuously increasing slope is 
to be expected. 

This behaviour was also observed for aqueous 
solutions of chemically well defined oligoethylene 
glycol monooctyl ethers. In this case the paradoxical 
behaviour disappeared after having purified their 
aqueous solutions until the state of 'surface-chemical 
purity' was reached using an apparatus for pro
grammed high-performance purification of surfactant 
solutions. Gas chromatographic analysis of the 
compounds used showed that they contain various 
substances of strong surface activity. These trace 
impurities are preferentially enriched at the surface, 
although their bulk concentration was negligibly small. 
It is this peculiarity which causes the surface-active 
Impurities to have an extremely falsifying Influence 
upon their Interfacial properties. In the surfactant 
solutions where material had been aspirated from the 
surface we found in the extractions ratios of one to 
one or higher between the "trace" impurities and the 
main substance, although these Impurities were hardly 
detectable In the original substance. After surface-
chemical purification we neither detected these 
impurities in the bulk phase nor In the surface. 
Thus, these findings prove that the oligoethylene 
glycol monooctyl ethers' paradoxical adsorption 
behaviour (dce/dinc (c)=const.) is caused by the effect 
of surface-active trace impurities. In our opinion these 
results can be generalised: it is the effect of trace 
Impurities that gives rise to the paradoxical adsorption 
behaviour with surfactant systems at fluid interfaces. 

P119 
Investigating the role o f the counterion in 

tetrabutylammonium perfluoroalkylcarboxylate 

surfactants 

S. Puntambekar M.C. Holmes, and M.S. Leaver 
Ordered Materials Research, University of Central 
Lancashire, England 
Several of the ionic surfactant systems recently 
studied have been shown to exhibit lower consolute 
behaviour. The systems are based on the tetrabu
tylammonium salts of perfluoroalkanecarboxylate 
soaps in water. They are unique in that they exhibit a 
lamellar phase at the low surfactant concentration 
side of the consolute loop. The phase diagrams of 
tetrabutylammonium perfluorononanoate, -decanoate 
and -dodecanoate were determined using optical 
polarising microscopy, ' H NMR spectroscopy and 
small angle x-ray scattering. Further work has been 
carried out on tetrabutylammonium perfluorode-
canoate (C10TBA) giving particular attention to the 
counterion and the structure of the lamellar phase. 
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Results of scattering techniques and NMR spectros
copy will be presented. Experimental results so far 
suggest that the tetrabutylammonium counterions 
are not found exclusively in the aqueous region as 
would be expected, but that there Is a distinct possi
bility that the counterions are distributed throughout 
the system. To further examine the effect of the butyl 
groups of the counterion on the phase behaviour, we 
are In the process of synthesising two new surfac
tants: N-methyltributylammonlum perfluorodecanoate 
and N,N-dlmethyltributylammonlum perfluorode
canoate. It Is hoped that the reduction of the number 
of butyl groups in the counterion by 1 and 2 respec
tively will allow us to explain the influence of these 
groups on the phase behaviour. 

P120 
Distribution and interfacial properties of 
soluble surfactants in water/oil sys tems 

F. Ravera', M. Ferrari', L. Liggieri ', R. Mil ler ' , A. 
Passerene' 
' Istituto di Chimica Fisica Applicata dei Materiali -

CNR, Geneva, Italy 
' Max Plank Institut für Kolloid und Grenzflachen

forschung, Beriin, Gennany 
Surfactants at liquid/liquid Interfaces have an impor
tant role In many technologic applications. Moreover, 
the comparison of their equilibrium properties at the 
liquid-vapour and liquid-liquid interfaces can be an 
effective way to obtain information about the struc
ture of the interface itself 

Adsorption of surfactants at liquid-liquid systems 
differs from that at liquid-gas essentially in the 
aspects conceming the solubility and transfer of the 
surfactant In the two phases and the mutual solubility 
of the solvents. 
To Investigate these aspects, some equilibrium and 
dynamic properties of n-alkyi dimethyl phosphine 
oxides (CnDMPO) and polyoxyethylenate surfactants 
(Tritons, BRU etc.) In the water-alkane systems have 
been studied in the range of sub-mlcellar concentra
tion. In particular the dynamic interfacial tension 
during adsorption processes has been measured 
and the surface isotherms have been determined. 
For these surfactants it has been possible to evalu
ate the partition coefficients between water and oil by 
adopting an indirect technique based on the meas
urement of the surface tension of the aqueous 
surfactant solution after the equilibration with the 
second liquid. 

The measurements show that most of commonly 
used non ionic water-soluble surfactants at sub-
micellar concentration present a remarkable solubility 
in alkanes. This Is particulariy important in relation to 
the dynamic adsorption phenomena since the 
transfer of surfactant between the two phases greatly 
affects these processes. 

Surfactants at Interfaces 

P121 
Adsorption of surfactants on polymer matrices 

K. Slana Kleinschek, V. Ribitsch. C. Pohar 
Dept. of Textile Chemistry, University of Maribor, Slovenia 
Dept. of Physical Chemistry, University Graz, Austria 
Dept. of Physicai Chemistry, University Ljubljana, Slovenia 
The adsorption of surfactant and similar compounds 
present In a liquid phase (dye stuff, pigments, 
finishing compounds) is extremely Important in many 
technical processes. Therefore the adsorption 
process of surfactants was studied as a function of 
molecular weight, structure and charge of the sur
factants and as a function of the properties of the 
matrix, i.e. different modified polystyrene films and 
cellulose fabrics. The adsorption process was 
observed using streaming potential and calorimetry. 
It takes place In two steps, the first one can be 
described as a Langmuir, the second one as a BET 
adsorption. Both the length and structure of the alkyl 
chain as well as the head group determine the rate 
and the strength of adsorption. In the case of aro
matic compounds 12 C units. In the case of alkyl 
compounds at least 16 C units, are necessary to 
obtain a sufficient adsorption. If the alkyl compound 
is split up into 4 chains each of them has to have at 
least 7 C groups to be adsorbed. 
The modification of the matrix indicates that the 
Increase of negative surface charge increases the 
energy of adsorption and reduces In that way the 
concentration of surfactants in the liquid phase 
necessary to obtain an uncharged surface. If the 
number of cationic surface groups Is Increased 
(surface remains negative) a different type of ad
sorption is observed with smaller adsorption energy 
and an increased surfactant concentration necessary 
to obtain an uncharged surface. 

P122 
Molecular adhesion interactions between 
Langmuir monolayers and solid substrates 

K.-H. Graf and H. Riegler 
Max-Planck-lnstitut für Kolloid- und Grenzflachen
forschung, Beriin, Germany 

Substrate/monolayer adhesion interactions between 
differently prepared Si02 surfaces and different 
Langmuir monolayers were investigated. From the 
relation between the contact angle and the surface 
tension of a Langmuir monolayer In the configuration 
of Langmuir wetting the work of adhesion between 
the substrate and the monolayer as a function of the 
molecular packing and the transfer ratios were 
determined. Thus the molecular work of adhesion of 
substrate/monolayers was quantified. The relation 
between the local adhesion Interactions and the 
molecular packing and structure is presented and 
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substrate-induced ptiase transitions are discussed. 
Ttie companson of ttie contact angle beliaviour of 
different monolayers unambiguously proves the 
invalidity of the Neumann EQS approach. Dynamic 
contact angle measurements allow the determination 
of the density of the adhesion binding sites. 
[1] K.-H. Graf and H. Riegler, J. Co//. Surf., In print. 

P123 
Alkane films at air/water and 
air/monolayer/water interfaces 

T. Pfohl, H. Möhwald, and H. Riegler 
Max-Planck-lnstitut für Kolloid- und Grenzflachen
forschung, Berlin, Gemiany 
Ellipsometnc investigations of alkane adsorption 
show that hexane and heptane wet a water/air 
Interface from a saturated alkane vapour with a 
closed ultrathin film of several molecular lengths 
thickness which Is topped with droplets of microme
ter dimensions. Longer alkanes adsorb only In a 
submonolayer film. The data suggest, that alkanes 
behave similady to typical amphiphiles. Upon ad
sorption, hexane and heptane first form a gaseous 
monolayer, then a first order gaseous/liquid-
analogous phase transition occurs, and finally a 
closed liquid-analogous bilayer with microdroplets on 
top is observed. Langmuir monolayers at the 
air/vapour interface significantly change these 
wetting properties and reduce the alkane adsorption. 
[1] M. Thoma et al., Langmuir, 12 (1996) 1722 
[2]T. Pfohl, H. Möhwald, H. Riegler, Langmuir, in 

preparation. 

P124 
Molecular mobility within ultrathin organic 
films of monomers at solid/vapor interfaces 

R. Steitz \ C. MerkI ' and H. Riegler' 
' Hahn-Meitner-lnstitut, Berlin, Gemiany 
' Max-Planck-lnstitut fur Kolloid- und Grenzflachen

forschung, Berlin, Genmany 
For thin Langmulr-Blodgett multilayers of fatty acids 
pseudo partial (autophobic) wetting is the thermody
namic equilibnum configuration. The onginally closed 
multilayer film breaks up into a monolayer covered 
substrate surface with the surplus material aggre
gated on top In mesa-like islands. The break up Is 
accelerated by thermal annealing well below the 
temperature of the main phase transition due to the 
increased molecular mobility. We have investigated 
the molecular exchange between the layers within 
the films for vanous temperatures below the main 
transition via neutron reflectivity measurements on 
properly contrasted (deuterated vs. protonated) 
supedattlces. We have especially focused on the 

molecular exchange between the first monolayer 
adjacent to the substrate, which remains there even 
above the main transition, and the layers on top. 
[1] H. Riegler e ta l . (1995) in Short and long cliains at 

interfaces, eds.: J. Daillant, et al. Edition Fron
tières, GIf-Sur-Yvette, France: 307 

[2] A. Asmussen and H. Riegler (1996), J. Chem., 
Phys., 104(20): 8151 

P125 
Molecular interaction in cetyl a lcohol / 
hexadecanediol Langmuir monolayers -
statistical thermodynamics approach 

Nuria Vila Ronieu \ Patrycja Dynarowicz' and Jose 
Minones Trillo' 
' University of Santiago de Compostela, Faculty of 

Pharmacy, Spain 
' Jagiellonian University, Faculty of Chemistry, Krakow, 

Poland 

Recently many research activities have been fo
cused on mixed Langmuir monolayers fomied by 
different amphiphiles. Mixed systems are very 
popular In applications as they show different interfa
cial properties than those of the individual 
components. Such nonldeal behaviour caused by 
molecular interaction between fllm-fomiing molecules 
is of considerable interest both from theoretical and 
practical points of view. The spread monolayer is 
usually treated as a 2D solution, the components of 
which can be either miscible or immiscible. The 
Interaction between molecules in the spread film can 
be studied from the point of view of miscibility basing 
on the analysis of n IA isotherms, examining mean 
molecular areas or collapse pressure as a function of 
the molar fraction of particular components. The aim 
of this work Is to present a simple, statistical thermo
dynamics approach which allows to estimate 
parameters that may be related to the interaction 
between molecules in the mixed spread films. The 
mixed systems of cetyl alcohol/hexadecanedlol was 
chosen to Illustrate the potential application of the 
theory. The statistical thermodynamics treatment of a 
3-component system of molecules of different 
molecular sizes leads to the following expression for 
the equilibnum conditions between bulk solution and 
surface {\ii = \J. f)'. 

C + kT\n(n]ao)-l<T[l + m(cora),) + — + 
(Oa 

a- <i>'ioJ + (n'of coi ,^ 
+ n2(coi-coo)] +—(n:) O/jWj-—-( J + 

i 0)0 

+ ̂ n':ii'o[^',oO}7 + Oncoo-OinWi] + (ao-c')coi = kTlnXi 

wherein Q Is the difference between standard chemi
cal potential of component 1 at the surface and In the 
bulk phase (^ - r), ni^= N-^in , N|̂  is the number 
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ot molecules of the l-th kind at the surface (1 and 2 
denotes film-fomiing molecules spread on water 0) 
and n = E t^r i is the total area of the surface, ra i is 
the molecular area of component I, <D ij'' are parame
ters of molecular interaction and Xi is the molar 
fraction of component 1 in the bulk. Thus, knowing 
the expenmental data for the dependence of surface 
pressure, 7t = o o-a , as a function of area per mole
cule In the film, it is possible to wnte an 
overdetermined system of equations of type (1) in 
which the only unknown parameters are <J) ff For the 
mixed system of cetyl alcohol (1) and hexadecane
diol (2) the parameters O O 20" and cD 12"" were 
estimated to be 3.67- IO' , 4.03- 10° and 5.19- 10^ [J-
m o t ' m ' ] . 

P126 
Adsorption of a divalent cationic surfactant on 
a si l ica sur face 

Cecilia Strom. Bengt Jönsson and Olle Soderman 
Department of Physical Chemistry 1, University of Lund, 
Sweden 

We have studied the adsorption of a divalent cationic 
surfactant on a silica surface by means of ellipsome
try. We performed measurements at lower concen
trations (1 pM to 100 pM surfactant), where we 
studied the initial adsorption, and at higher concentra
tions up to slightly above the bulk CMC-values. 
We also investigated the effect of addition of salt and 
found that the initial adsorption is to a large extent 
electrostatically dnven. Thus, upon addition of 19 
mM CaCl2 the initial adsorption is suppressed while it 
Is only slightly decreased on addition of 40 mM NaCI. 
The data at low surfactant concentration are ana
lysed in terms of the electrostatic interactions 
between the surfactant Ions and the charged surface. 
At higher concentrations the amount of adsorbed 
surfactant on the silica surface indicates that the 
surfactant Is adsorbed in the form of discrete mi
celles. This is in line with the bulk phase behaviour of 
the studied divalent surfactant'. A theoretical model, 
based on the Poisson-Boltzman cell-model, was 
developed to account for the observed data. 
[1] Hagslatt, H.; Söderman, O.; and Jönsson, B.; 

Divalent Surfactants. Experimental Results and 
Theoretical Modelling of Surfactant/water Phase 
Equilibria, Langmuir, 1994,10, 2177. 
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P127 
Bending energy of micelles in multicomponent 
systems 

N.Vila Romeu ' and G.Taddei' 
' Departamento de Fisico-Quimica, Universitad de 

Santiago de Compostela, Spain 
'Dipartimento di Chimica, Universita di Firenze, Italy 
Calculations of the Bending Energy of different 
micelle fonms in surfactant multicomponent (more 
than two) systems were performed by using the 
Hyde model (S.T.Hyde, Colloque de Physique, 
C7, 1990,209). 
The results show that the stability of some micelle 
fonms which is low in binary water-surfactant sys
tems, is strongly increased by the presence of 
cosurfactants whose molecules fit best In micelle 
membrane zones of proper curvatures. 

P128 
Are the hydrophobic forces an adsorption 
effect in thin liquid f i lms? 

Roumen Tsekov. 
Research Group at the Freiberg University of Mining 
and Technology, Max Planck Institute for Colloids and 
Interfaces, Freiberg, Gennany 

The scope of the art is to present a simple explana
tion of the hydrophobic forces as an adsorption 
effect. These forces manifest themselves by a 
dramatic change in the stability of thin liquid films on 
solid substrata when the solid/liquid surface is 
properly modified by surfactant layers. The first 
measurements of hydrophobic forces dates more 
than a decade ago but, despite the several recent 
attempts to provide theoretical model or explanation 
of the hydrophobic forces, their ongin remains 
shrouded in mystery. The only well established 
expenmental fact is that they vanish exponentially 
with increasing the film thickness and more recent 
investigations show existence of a short- and a long-
range hydrophobic forces. 

The contnbution of the adsorption to the hydrophobic 
forces In a thin liquid film is considered in the frames 
of the so-called disjoining pressure concept. Our 
detailed analysis leads to the following definition of 
the hydrophobic component of the disjoining pres
sure D H P = -(3 dsild r)p(5 rid /7)p where CTSI and P are 
the surface tension and adsorption on the solid/liquid 
surface and h is the film thickness. Further, using the 
thermodynamic relation {d Tid /7)^=(9 Hid n)/,= Ac 
with c being the concentration of the surfactant In the 
liquid one can get the following expression for the 
hydrophobic disjoining pressure PIHP = aig cos 9 exp(-
h /D) ID where aig is the surface tension on the 
liquid/gas interface and 6 Is the contact angle of the 
solid/liquid/gas three phase contact and D={d Vid c). 
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As seen, the sign of UHP depends on the value of the 
contact angle and thus the name hydrophobic 
disjoining pressure is quite reasonable. If the solid 
surface is hydrophobic, the resulting interaction Is 
attraction, UHP< 0, while for hydrophilic surfaces the 
above equation predicts a repulsion force YIHP >0. 
IVloreover, O H P decays exponentially with increasing 
the film thickness as observed in many expenments 
and the present theory proposes an expression of 
the decay length D in terms of well-known thermody
namic characteristics. The test of the theory to 
existing expenmental results confinns the suggested 
explanation of the hydrophobic interaction as a result 
of changes of the adsorption on the solid surface in 
thin films as compared to the bulk liquids. 

P129 
P h a s e diagrams of pluronic water mixtures 

B.A.C. van Vlimmeren. J.G.E.M. Fraaije 
Dept. of Biophysical Chemistry, University of 
Groningen, The Netherlands 

We apply a generalized time-dependent Ginzburg-
Landau model to the simulation of surfactant aggre
gation in solution. The simulation involves numencal 
integration of functional Langevin equations, given 
an Implicit inverse Gaussian chain density functional 
expression for the intnnsic chemical potentials. Local 
non-Ideal interactions are included via a mean field. 
Mesoscopic fluctuations are introduced by the 
explicit inclusion of noise sources, according to the 
fluctuation dissipation theorem. Using this method, 
we calculate the isothermal phase behavior of the 
Pluronic L64 and 25R4 molecule in solution as a 
function of the polymer concentration. The results 
are compared to experiments as found in [1 , 2]. The 
influence of several aspects of the method Is dis
cussed. 

[1] P. Alexandndis, U. Olsson and B. Lindman, 
Macromolecuies 1995, 28, 7700-7710 

[2] P. Alexandridis, U. Olsson and B. Lindman, J. 
Phys. Chem. 1996, 100(1), 280-288 

method has been developed to allow the determina
tion of the dispersion and polar components of the 
surface free energy of the modified surface which 
best fit all the contact angle data. For this analysis, 
the simple Fowkes approach to interfacial energies 
was used. The analysis has also been done using 
the method proposed by Good and van Oss in which 
the polar part Is split into contnbutions from Lewis 
acid and base components. 
Examples of adsorbed layers include a cationic 
surfactant, hexadecyltnmethylammonlum bromide, a 
senes of perfluorinated fatty acids and vanous 
commercial materials based on silicones and fluori
nated compounds. By analysing the effect of film 
thickness on the components of surface energy, it 
can be seen that the polar component Is reduced 
even at the smallest film thickness, presumably by 
the occupation of high energy sites by the adsorbed 
molecules. In contrast the dispersion term shows a 
smaller dependence on film thickness, levelling off at 
values expected by the nature of the adsorbate. 
For the commercial materials, the behaviour can be 
characterised by plotting the polar term against the 
dispersion temi. Different chemical types are then 
seen to occupy different zones in the graph. An 
interesting aspect for these materials is the use of 
the components of the surface energy to predict the 
contact angle and hence the work of adhesion for oil 
under water. Some materials produce a surface for 
which the contact angle of oil under water is pre
dicted to be 180 deg, implying a zero or negative 
work of adhesion. The predictions are confinned by 
direct measurement of the oil/water/solid contact 
angle. 

P130 
Modification of adhesion using thin surface 

films 

Amanda C. Wicks. John H. Clint 
School of Chemistry, University of Hull, UK 
The modification of the surface energy of glass by 
adsorption of various organic layers has been 
investigated. The thickness of the adsorbed layer 
has been measured using ellipsometry and the 
components of the surface energy determined from 
measurements of contact angles for a series of 
probe liquids of varying polarity. A least squares 
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P13i P132 
Multilayers of quaternised polyvinyl pyridine 
and polystyrene sulphonate on charged solids 

R. Bijisma A. A. van Well \ M. A. Cohen Stuart' 
' Interfaculty Reactor Institute, Delft, The Nethertands 
' Wageningen Agricultural University, The Netheriands 
Recently a new technique of multilayer growth of 
oppositely charged polymers was reported by 
Hoogeveen [1], working at our laboratories, and 
independently by Decher [2]: Self assembled 
multilayers of polyelectrolytes were grown on 
charged solids from alternately supplied solutions 
of oppositely charged polyelectrolytes. In the 
present work we report multilayer growth of qua
ternised polyvinyl pyridine and polystyrene 
sulphonate from very dilute (10-100ppm) polymer 
solutions. The SI substrate was dipped Into the 
solutions or the solutions were flown onto the 
substrate. In the latter case, growth was monitored 
in situ by optical reflectometry on a reflectometer 
developed at our laboratones. The time to grow 
one monolayer was only several minutes. Neutron 
reflection cun/es of the multilayers were measured 
on the IRI neutron reflectometer ROG [3], The 
results were consistent with measurements we 
performed by ellipsometry. The monolayers were 
found to be very thin, roughly 0.5 nm, suggesting 
that the polymers lie flat, parallel to the surface. 
Multilayers grown from solutions of higher ionic 
strength were thicker, having the same polymer 
density. We investigated the water content of the 
multilayers, measuring the multilayers under 
several partial water pressures and also while the 
multilayer was immersed In (heavy) wa te r It was 
found that the multilayers can take up to 40 weight 
% of water. We also investigated the counterions 
contents of the layers by neutron activation analy
sis, and will report first results. We will investigate 
the interpenetration of the layers by comparison of 
Bragg peaks in neutron reflection cun/es of multi
layer systems with incorporated deuterated layers 
at different spacings. These expenments will be 
done on SURF at ISIS, and results will be re
ported. 

[1] N.G. Hoogeveen, Thesis Wageningen Agricultural 
University (1996) Ch 6. 

[2] G. Decher, Y. Lvov and J. Schmitt, Tliin Solid 
Films 244(1994) 772-777. 

[3] V.O. de Haan et al., Nucl. Instr. Meth. Phys. Res. 
/A 362 (1995) 434. 

Separation of paraffin/olefin in mixtures by 

adsorption: results from grand canonical 

Monte Carlo simulations 

Felipe J. Bias' , Lourdes F. Vega ' , Keith E. Gubbins' 
' Departament d'Enginyeria Quimica, Universitat Rovira 

i Virgili, Tarragona, Spain 
' School of Chemical Engineering, Cornell University, 

Ithaca, NY, USA 
The separation of olefins and paraffins is essential 
to the petrochemical industry. Due to economic and 
technical reasons this separation has proved to be 
very efficient when performed by adsorption Into 
surfaces. Experimentally the new adsorbents used 
are synthesized by effective dispersion of CuCI on 
substrates with hydrocarbon-phobic surfaces, such 
as the alpha-alumina. The Cu(l) cations are able to 
form pi-complexation with the olefin molecules. The 
purpose of this work is to propose a molecular 
model able to predict the adsorption behavior. 
Molecules are modeled as jointed Lennard-Jones 
spheres interpenetrated. The alpha-alumina surface 
is modeled as a single cylindrical pore showing the 
(lOO)-face of a cubic close-packing stacking of 
oxygen layers, modeled as Lennard-Jones spheres. 
Specific associating square-well sites are placed 
protruding from the surface, mimicking the Cu(l) 
cations. We put two additional sites on the olefin 
molecules to simulate p-complexation with the Cu(l) 
cations. Grand Canonical Monte Cario simulation 
results are presented for single-component adsorp
tion isotherms for ethane and ethylene and their 
mixtures, on activated and non-activated surfaces. 
Preferential adsorption of olefins is observed when 
the surfaces are activated, whereas the adsorption 
of paraffins decreases, probably due to the pres
ence of the CuCI molecules. The agreement 
between simulation and experimental results is 
excellent in all cases. 

P133 
Large structure formation in colloidal 

monolayers 

J.C. Earnshaw and F. Ghezzi 
The Department of Pure and Applied Physics, The 
Queen's University of Belfast, Northern Ireland 
Colloidal particles trapped at a liquid/air interface 
provide a model system to study matter in two 
dimensions. The main advantage of such studies Is 
the direct visualization of the structures formed. The 
particle-particle interactions In the system can be 
varied experimentally. Under certain conditions 
cluster-cluster aggregation occurs, leading to fractal 
structures [1]. However, using a range of different 
experimental conditions we have found it possible to 
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induce the formation of a variety of different struc
tures. For example, certain conditions favour the 
appearance of small, highly ordered arrays of parti
cles. Again, under different conditions, the particles 
tend to assemble into long linear structures. These 
lines tend to lie parallel to each other, and can 
collapse towards each other, forming rather regular-
sized loops. These various structure are metastable, 
reverting to a dispersed essentially uniform crystal
line array over times of the order of a day. However, 
they are remarkably stable over shorter times, 
suggesting that they are subject to stabilizing forces. 
Such Interactions must Include a rather long-ranged 
attraction, such as has recently been suggested from 
studies of three dimensional colloidal systems [2,3]. 
Various possible sources of such attraction will be 
discussed. 

[1] D.J. Robinson and J.C. Earnshaw, Phys. Rev. A 
46 ,2045, 2055, 2065 (1992). 

[2] J.C. Crocker and D.C. Grier, Phys. Rev Lett., 73, 
352 (1994). 

[3] A.E. Larsen and D.G. Grier, Nature, 385, 230 
(1997). 

P134 
Attractive osmotic pressure in an electrical 

double layer with grafted polyelectrolytes 

J. Ennis-Kino, L. Sjöström, T. Akesson and Bo Jönsson 
Physical Chemistry 2, Lund University, Sweden 
We consider a double layer interaction In which one 
wall Is neutralized by both grafted polyelectrolytes 
and counterions and the other wall is neutralized only 
by counterions. Both experiments and Monte Cario 
simulations have shown that such an asymmetric 
system can give rise to an attractive osmotic pres
sure, the range of which depends on the flexibility of 
the grafted polyelectrolytes. 
We now consider a highly simplified model of this 
system. In which the polyelectrolyte Is replaced by 
"grafted" ions which interact with the grafting wall via 
a one dimensional potential. This model proves to 
have the same qualitative features as more complex 
models which directly take account of the polyelec
trolyte configurations, and it has the advantage that 
certain cases are analytically tractable in a mean 
field approximation. 

In particular, analysis of the latter shows that in the 
absence of salt the interaction Is repulsive at long-
range but can be strongly attractive at medium-
range, depending on the proportion of grafted Ions 
and the width o f the grafting potential. The Interaction 
Is again repulsive at short-range. Addition of suffi
cient salt causes the interaction to become attractive 
at long-range, primarily due to the change In the 
ideal contribution to the pressure. The accuracy of 
the mean field approximation to this model Is con
finned by Monte Cario simulations. 
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P135 
Effects of adsorbed polymers on the 
sedimentation of colloidal particles 

Huan J. Keh and Jimmy Kuo 
Department of Chemical Engineering, National Taiwan 
University, Taipei, Taiwan 
The effects of adsorbed polymers on the sedimenta
tion of a homogeneous distribution of colloidal 
spheres and on the fluid flow through a bed of 
particles are investigated theoretically. The Reynolds 
number Is assumed to be small, and the surface 
polymer layers are assumed to be thin with respect 
to the radius of particles and to the surface-to-
surface spacing between neighboring particles. The 
effects of interaction of the Individual particles are 
taken into explicit account by employing a funda
mental cell-model representation which Is known to 
provide good predictions for the motion of a swann of 
spheres within a fluid in the absence of adsorbed 
polymers. To solve the Stokes flow equations within 
and outside the polymer layer a method of matched 
asymptotic expansions in a small parameter h Is 
used, where h Is the ratio of the length scale of the 
polymer layer to the particle radius. The results for 
the sedimentation rate and the pressure drop are 
expressed in terms of an effective hydrodynamic 
thickness IL) of the polymer layer, which are accu
rate to 0 ( / i ) . When the concentration of particles In a 
suspension or a bed Is Increased, L becomes larger, 
meaning the settling velocity decreases or the 
pressure drop increases. The 0(h) term for L nor
malized by its value in the limit /7=0 is found to be 
Independent of the polymer segment distribution, the 
hydrodynamic Interactions among the segments, and 
the volume fraction of the segments. The 0(h^) term 
for L, however. Is a sensitive function of the polymer 
segment distribution and the volume fraction of the 
segments. In general, the particle-Interaction effects 
on the motion of polymer-coated particles relative to 
a fluid can be quite significant. 

P136 
Protein adsorption at liquid/liquid interface -
three phase partitioning 

E. Kiss', J. Szamos', B. Tamas' 
' Eotvos University, Department of Colloid Chemistry, 

Budapest, Hungary 
'Central Food Research Institute, Budapest, Hungary 
Aqueous electrolyte solution and organic solvent 
(tert-butanol) fonn a two liquid system with low 
Interfacial tension In the range of 10-0,05 mN/m [1]. 
Adsorption of proteins at the fluid interface resulted 
in a further decrease of that Interfacial tension. 
Fonnation of a gel-like middle phase has been 
observed at protein concentration above approxi
mately 0,1 g/dm^. 
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This phenomenon as a base of a separation method 
called three phase partitioning (TPP) was applied 
with success for ennchment of some enzymes from 
complex mixtures [2, 3], The technique suggested for 
enrichment of protein from multicomponent extracts 
has several advantages but the procedure still has 
been perfonmed rather empirically. 
In order to get infonmatlon on tlie relevant parame
ters affecting the TPP process simple model systems 
were chosen containing one of the electrolytes 
((NH4)2S04, NaCI, l\/lgS04) and one of the following 
proteins (bovine serum albumin, ovalbumin, ly-
sozlme, gelatine) In the aqueous tert-butanol system. 
Interfacial activity of the proteins have been deter
mined by micropendent drop technique. Measuring 
the protein partitioning it was found that the relative 
amount of protein obtained in the midlayer does not 
depend on the total protein concentration. Efficacy of 
the TPP was proven to be In correlation with the 
interfacial activity of the given protein in the aqueous 
electrolyte/tert-butanol system and also with other 
values used to characterize the hydrophobicity of the 
protein. 

[1] J. Szamos, E. Kiss: J. Colloid Interface Sci. 170 
290(1995) 

[2] R. E. Lovrien, C. Goldenshoph, P.C. Anderson, B. 
H. Odegaard: Protein Punfication: Micro to Macro 
(Ed.:R. Burgess) pp 131-148 A. R. Uss N. Y. 1987. 

[3] R. N. Pike, C. Dennlson: Biotechnology and 
Bioengineering ZZ 22\ (1989) 

P137 
Polymer decorated lipid ves ic les 

Astrid Lehmann and Werner A. Goedel 
Max-Planck-lnstitut für Kolloid- und Grenzflachen
forschung, Beriin, Gennany 

The spontaneous curvature and stiffness of lipid 
membranes can be influenced by grafted polymers. 
This affects shape and membrane dynamics of 
vesicles [1 , 2]. In the present work, we are interested 
in deformations of large unilamellar vesicles by 
hydrophilic polymers, which are anchored to the 
membrane by hydrophobic end groups. 
We synthesized two similar polyethylene glycoles: (I) 
just cholesteryl-tennlnated 1 and (II) cholesteryl-
temninated via fluorescein as a fluorescent marker 2: 

o 
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Figure 1 

Incorporation of these polymers into the membrane 
leads to shape changes of the vesicle. This we can 
observe by light and fluorescence microscopy. 
The special advantage of our polymers is the pres
ence of a hydrollzable link between the polymer and 
the hydrophobic anchor. This allows to specifically 
cleave the polymer off the membrane and observe 
the shape changes in situ. The hydrolytical cleavage 
of the polymer can be directly observed by spectro
scopic methods. 

polymer 

vesicle 
Figure 2 

The influence on the spontaneous curvature of the 
membrane Is especially pronounced, if the polymers 
are anchored only to one side of the membrane. 
Therefore we investigate symmetrically and asym
metrically decorated vesicles. The symmetric case 
(3a) can be generated via vesicle preparation in 
presence of the polymer. One can obtain the asym
metric case either by hydrolysis of the outer polymer 
of a symmetrically decorated vesicle (polymer inside 
the vesicle, 3b) or by addition of polymer to existing 
vesicles (polymer on the outer side of the membrane, 
4b). 

Cleavage 

Figure 3a 3b 

Figure 4a 4b 

[1] B.L.-S. Mui, H.-G. Döbereiner, T.D. Madden and 
P.R. Cullls, Biophys. Journal 69, 930 (1995) 

[2] R. Lipowsky, Europhys. Lett. 30, 197 (1995) 
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P138 
The adsorption of ethyl (hydroxyethyl) 
cel lulose at the air/water interface ; surface 
ageing effects, interfacial tension and thin film 
drainage studies 

E. Poptoshev, 8. Um and R.J. Pugh 
Institute for Surface Chemistry, Stockholm, Sweden 
Drainage times of microscopic horizontal foam films 
stabilised by dilute aqueous solutions of ethyl (hy
droxyethyl) cellulose (EHEC) was shown to be 
dependent on the ageing effects (conformation 
changes of the adsorbed macromolecuies) occumng 
in the freshly created air/solution interface. 
Although these ageing effects could not be directly 
related to surface tension data, diffusion coefficients 
were calculated from interfacial tension profiles using 
classical diffusion theory. As the concentration of 
polymer increased, the diffusion coefficients were 
shown to decrease and were considerably smaller 
than previously reported experimental values deter
mined In bulk solution by NMR. This difference 
between experimental and theoretical results en
dorsed a kinetic rather than a diffusion or mass 
transport model for the transfer of EHEC molecules 
to the interface. The increase in drainage times with 
extended ageing times could be explained by the 
gradual fonnation of a steric energy barrier caused 
by configuration changes of the adsorbed polymer In 
the interface. This probably involved the progressive 
extension of the EHEC tails Into the aqueous phase 
Increasing the disjoining pressure, decreasing the 
drainage rate and producing thick stable films. 

P139 
Interaction of carbon black on gelatine-
modified printed wire board sur faces 

V. Ribitsch. M. Bele, S. Pejovnik, O. J. Besenhard 
Department of Physical Chemistry, University Graz, 
Austria 
National Institute of Chemistry, Ljubljana, Slovenia 
Institute of Chemical Technology of Inorganic Materials, 
Technical University of Graz, Austria 
The interaction of polymers as well as carbon black 
Is an important process during printed wire board 
(PWB) manufacturing; it is controlled by electro
kinetic properties of the PWB surface, of the water 
soluble polymer and of the carbon black dispersion. 
The adsorption of a set of gelatines in aqueous 
solution onto the surface of PWB as well as different 
carbon black dispersions was studied as a function 
of pH and of the presence of an anionic surfactant. 
The highest adsorption occurred at pHIEP,1 < pH < 
pHIEP,2 where pHIEP,1 corresponds to the Isoelec
tric point of the gelatine-PWB complex and pHIEP,2 
is the isoelectric point of gelatine. The presence of 

anionic surfactant neutralised the net positive charge 
of gelatine which caused co-operative adsorption 
and Induced a higher gelatine surface concentration 
on solid surfaces of the PWB. By dipping PWB 
covered with gelatine films into carbon black disper
sion gelatine films induced adsorption/coagulation of 
the carbon black particles. 
The quantity of adsorbed carbon black from disper
sion Increases with the amount of the previously 
adsorbed gelatine. The higher the quantity of ad
sorbed gelatine the higher is the amount of adsorbed 
carbon black. 

P140 
Adhesion properties of films formed by gels 

Terhi Saarinen and Per Stenius 
Helsinki University of Technology, Laboratory of Forest 
Products Chemistry, Espoo, Finland 
Cationic polysaccharides fonn complexes with 
surfactants In aqueous solutions. The driving forces 
for the co-operative interactions are the electrostatic 
interactions between the surfactant end groups and 
the polymer as well as hydrophobic Interactions. 
Phase separation is a quite general feature for 
systems of a polyelectrolyte and an oppositely 
charged surfactant. Association of surfactant mi
celles and polymer colls leads to a phase separation 
when the charge of the complexes Is almost zero. 
The gel-like hydrophobic complex contains approxi
mately 50-60 w-% of water, 20-25 w-% of surfactant 
and 20-25 w-% of oppositely charged polyelectrolyte. 
In this research we present a study of the Interac
tions of cationic starch with anionic surfactants with 
emphasis on technical applications, like paper 
coating, of these gels. 

The cationic starch Is based on potato starch and it 
contains quaternary ammonium groups (2-hydroxy-3-
trimethylammoniumpropyl starch). Part of the native 
starch Is depolymerised by oxidising with 1, 2 and 3 
% hydrogen peroxide solutions. The anionic surfac
tants includes of different chain length fatty acid salts 
and their mixtures. 
The gels can be converted Into biodegradable and 
hydrophobic films. The gels are applied with a rod on 
base papers. The viscosity properties of these gels 
are measured and the coated sheets are character
ised by water contact angle, surface energy, water 
resistance, water vapour penneance and ESCA. 
Also usual paper technical properties are measured 
Many factors affect gels and films prepared from 
them such as cationic starch/surfactant ratio, charge 
density of starch, molecular weight of starch, hydro
phobicity of surfactant, pH of the mixture, 
temperature and Ionic strength. The hydrophobicity 
of a gel Is increased by Increasing degree of substi
tution of cationic starch and/or chain length of the 
surfactant. Simultaneously this increases also the 
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viscosity of XUe gel. Oxidation of starcti slightly 
reduces hydrophobicity of the coating but also 
reduces the gel viscosity. The most hydrophobic 
surface are achieved using the native starch and a 
mixture of short-chain (Cs, Cioor C12) and long-chain 
(Cisor C22) surfactants. 

P141 
The interaction of small and macromolecuies 
with growing calcium hydrogenphosphate 
dihydrate crysta ls 

IVI. Siklric' ' , V. Gutkin', S. Sar ig \ H. Fueredl-Milhofer' 
' Casali Institute of Applied Chemistry, and 
' Institute of Earth Sciences, the Hebrew University of 

Jerusalem, Israel 
* On leave of absence from the Faculty of Agriculture, 

University of Zagreb, Croatia 
Calcium hydrogenphosphate dihydrate (DCPD, 
CaHP04 . 2H2O) Is a frequent constituent of kidney 
stone and Is used as additive to cattle feed and in the 
cosmetics and pharmaceutical industries for different 
applications (e.g. abrasive in tooth paste). In most 
applications the size and shape of the crystals Is of 
utmost importance. Some of us have shown eariier 
(Lj. Brecevic et al.. Colloids and Surfaces, 11(1984) 
55-68) that the growth morphology of DCPD may be 
changed by the addition of di- and tricarboxylates to 
the crystallizing solution. In this work we report on 
the Influence of a number of small and macromo
lecular potential inhibitors, i.e. glutamic and aspartic 
acid, citrate and polyaspartic acid (Mw 5-10 kD) on 
the growth morphology of DCPD crystals. The 
crystals were prepared under controlled conditions 
by fast mixing of the anionic and cationic reactant 
solutions, and growing them without further stirring In 
the course of 24h. The initial conditions were: pH 5.5, 
reactant concentrations (In mol dm-3): c(Ca) =c(P04) 
= 0.021 and c(NaCI) = 0.3 . The respective additive 
was added to the anionic component prior to pH 
adjustment. The affected crystal faces were Identified 
by light and scanning electron microscopy and 
electron diffraction. In addition, the presence of 
carbon at different locations of the affected crystals 
was determined by wavelength dispersive spec
trometry. In the control systems crystals grew slowly 
and mostly large (app. 200 (m) platelets with promi
nent (010) faces were obtained. Glutamic and 
aspartic acid had no significant influence on the rate 
of growth and growth morphology. 
However both citrate and polyaspartic acid signifi
cantly inhibited DCPD crystallization and changed 
the morphology of the crystals by specifically affect
ing different crystal faces. When grown In the 
presence of citrate Ions the crystals appeared rod -
like, while In the presence of polyaspartic acid the 
basic orientation was as in the controls, but new 
faces with Miller indices (hOI) appeared on account of 

the (001) and (201) faces, that developed in the 
controls. The results are discussed taking Into 
account the ionic structure of the affected crystal 
faces. 

P142 
Simulation of m e s o s c o p i c dynamics in 
polymer surfactant solut ions: Hydrodynamic 
effects 

A.V. Zvelindovsky, B.A.C. van Vlimmeren, G.J.A. 
Sevink, N.M. Maurits, J.G.E.M. Fraaije 
Department of Biophysical Chemistry, University of 
Groningen, The Netheriands 

We present a numerical study of a new generalized 
time-dependent Ginzburg-Landau theory for spinodal 
decomposition In a three-dimensional polymer fluid. 
The dynamics Is described by a set of multicompo
nent functional Langevin equations for the polymer 
diffusion and Is coupled to a generalized Navier-
Stokes equation for the current. The polymer liquid is 
assumed to be compressible. The equations Include 
noise terms with correlators govemed by the fluctua
tion-dissipation theorem for spontaneous viscous 
stresses and diffusion fluxes. The thermodynamic 
forces are obtained assuming a Gaussian chain as a 
molecular model. The Inhomogenelty of the chemical 
potential of polymer surfactant solutions under 
spinodal decomposition contributes to current fields 
equation, and the diffusion equations include the 
convective tenn. The morphology formation at 
different times is discussed with respect to system 
parameters such as composition, viscosity, mobility 
and chain statistics. 
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