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Report:

Previous investigations have shown that the formation of vesicles in zwitanionic and
catanionic mixtures often passes through an intermediate state of disc-like micelles
before closing to form vesicles [1-4]. By addition of an amphiphilic copolymer this
process can be modified and thereby one has control over the size and largely enhanced
stability [5]. This result obtained on a model system shall now be extended to systems
relevant for applications. Aim of the experiments carried out at ID02 was to examine
in detail how this intermediate state and the possibility to control the finally formed
vesicles depend on the specific interaction between the surfactant system chosen and
the copolymer. This shall lead to a generalized understanding necessary in order to
apply this concept to a shaping of vesicles as interesting for future applications.

For that purpose we investigated two classes of systems, where spontaneous formation
of unilamellar vesicles is achieved by mixing:

- catanionic hydrocarbon surfactants [6] (NaOleate + C;iTAB or C3,TAB) at
Ctot =50 mM

- mixtures of a hydrocarbon surfactant and a cosurfactant [7] (NaOleate + 1-Octanol).
The amount of amphiphilic copolymer of the Pluronic type (PEO-PPO-PEO, mainly
L35 and F38) with respect to the mass of NaOleate was up to 10 wt% for both
systems.

As experimental setup, a sample-to-detector distance of 2.5 m was chosen. To increase
the time resolution of the experiment, each mixture was measured several times using
different dead times after mixing. In all experiments carried out during the beamtime,
a time-dependent evolution of the scattering intensity could be observed.
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For the catanionic system (NaOleate + C1gTAB or C1,TAB), it was shown that a
slight excess of NaOleate is favourable for the formation of monodisperse vesicles. In
the case of NaOleate + Decyltrimethylammonium bromide (DeTAB) - similar to the
model system TDMAO + LiPFOS - an influence of the Pluronics on the kinetics of the
system could be seen. As an example, data for different Pluronic content at the same
time after mixing are shown in figure 2. Although the experiments in the stopped-flow
device were not perfectly reproducible (which is most likely due to problems with some
remaining surfactant solution in the capillary cell between experiments), the radius of
gyration shows that the more Pluronic L35 is added to the system, the bigger the
final vesicle structures and the slower their growth process. This effect is subject of
further ongoing more quantitative analysis of the different systems. The kinetics of
formation of the unilamellar vesicles was too fast to be observed: only 25 ms after
mixing, the first measurement already showed vesicular structures. However, their
subsequent evolution is very well resolved by the stopped-flow SAXS experiments. An
examplary set of time-resolved data for this system is shown in figure 1.
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Fig. 1: Time-resolved SAXS curves Fig.  2: Comparison of 0.25, 0.5, 1, 2, &

of NaOleate:DeTAB = 27.5 mM:22.5 mM, 2 wt% and 10 wt% L35 content for NaOleate:DeTAB =
L35, cior =50 mM. (units: [q] = nm™Y, [t] = s, 26.25 mM:23.75 mM, t = 45 ms after mizing
1) = em™)

For the system NaOleate + Cosurfactant (1-Octanol), the samples investigated were
viscous and clearly showed structure factor peaks dominating the scattering intensity.
The analysis of the vesicle formation in these systems is ongoing and presumably
proceeds via a rodlike intermediate state. A kinetic structural model for the analysis
of the evolution of the scattering data is in progress.

References: [1] Weiss T.M., Narayanan T., Wolf C., Gradzielski M., Panine P., Finet
S., Helsby W.I. Phys. Rev. Lett. 94, 038303 (2005); [2] Weiss T.M., Narayanan,
T., Gradzielski M. Langmuir 24, 3759 (2008); [3] O’Connor A.J., Hatton T.A., Bose,
A. Langmuir 13, 6931 (1997); [4] Leng J., Egelhaaf S.U., Cates M.E. Biophys. J.
85, 1624 (2003); [5] Bressel K., Muthig M., Prévost S., Gummel J., Narayanan T.,
Gradzielski M. ACS Nano 6, 5858 (2012); [6] Schmolzer St., Grabner D., Gradzielski
M., Narayanan T., Phys. Rev. Lett. 88, 258301-1-4 (2002); [7] Gradzielski M.,
Bergmeier M., Hoffmann H., Miiller M., Grillo I., J. Phys. Chem. B 104, 11594 (2000)

ESRF Experiment Report Form July 1999



