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Abstract:

Polyelectrolyte/surfactant mixtures adopt a variety of structures at static air/liquid interfaces. Systems have been previously
classified into type 1 involving strong complex adsorption and thick layers and type 2 forming thin layers and a surface
tension peak. Recently we have shown on FIGARO that a surface tension peak characteristic for type 2 systems occurs
after unlimited precipitation of surface-active materials both in systems characterized as type 1 and type 2. These results
highlight the needs to collect data under well-defined bulk conditions for a range of strongly interacting systems and to
examine the link between the interfacial properties and non-equilibrium effects in the bulk both for synthetic polymers and
biomacromolecules such as rigid DNA or protein molecules. To re-evaluate the interactions governing the interfacial
properties of the DNA/CTAB system, we propose to measure the surface excess and interfacial composition in the phase
separation region with respect to two well-defined bulk states. This work will also contribute to the basis of a new
generalized model to describe P/S systems at interfaces with respect to their bulk phase behavior.
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Scientific background. Polyelectrolyte/surfactant (P/S) mixtures adopt a variety of structures at
static air/liauid interfaces, ranging from monolayers,® through trilayers” and pentalayers,® to
multilayers.” In a review by Taylor et al., systems were classified into two sorts: type 1 involving
strong complex adsorption resulting in thick layers of several nanometers or more, and type 2
forming thinner layers while tending to exhibit the surface tension peaks.®> An example in the former
category is sodium poly(styrene sulfonate)/dodecyltrimethyl-ammonium bromide (PSS/DTAB)
which forms 60-A trilayers, and an example in the latter is poly(diallyldimethylammonium
chloride)/sodium dodecyl sulfate (Pdadmac/SDS) which forms compact layers and exhibits a sharp
cliff edge peak in its surface tension isotherm. Recently, we have shown that in the case of flexible,
synthetic polyelectrolytes the interfacial properties of both the type 1 and type 2 systems can be
described unambiguously in terms of the colloid stability of the bulk P/S complexes, highlighting
that a key parameter in the understanding of these system is their slowly evolving non-equilibrium
nature. Our motivation for this experiment was to extend our recent results to the field of rigid
biomacromolecule-complexes to shed light on how the interfacial properties of these systems are
also governed by the bulk colloid stability of the these complexes.

Recent advances. Recently, we demonstrated in J. Phys. Chem. Lett. that the surface tension peak
for the Pdadmac/SDS system (type 2) is produced only after the slow precipitation of most of the
surface-active material out of the solution.® We then
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far from equilibrium. Hence there is a need for data collected under well-defined bulk conditions in
these systems. The widespread presence of P/S systems in biophysics, e.g., complexes involving
rigid proteins or DNA molecules, shows that this topic merits urgent further work.



FIGARO experiment. We proposed to examine whether the interfacial properties of a rigid
biomacromolecule (DNA) and oppositely charged surfactants (DTAB and CTAB) are governed by
the same non-equilibrium principles like those of the flexible synthetic polyelectrolyte/oppositely
charged surfactant systems. Like with our recent works on the Pdadmac/SDS and NaPSS/DTAB
systems, we chose to gain such a perspective through the comparison of fresh and aged samples
where the bulk aggregation states are extreme opposites; the latter being as close to equilibrium as
can be achieved on practical timescales. Prior to the beam time application we had pre-
characterized the bulk behavior of the DNA/DTAB and DNA/CTAB systems extensively using
electrophoretic mobility and turbidity measurements with respect to the bulk composition, sample
age and ionic strength. The bulk behavior of the systems closely resembles that of the flexible
polyelectrolytes. Our question was: how does the interfacial composition change across the
precipitation region in relation to the bulk phase behavior? An allocation of 4 days of beam time on
FIGARO was awarded for us to find out.

Results & publication. The FIGARO experiment went according to plan with the measurement of
fresh and aged DNA/DTAB and DNA/CTAB samples recorded in different isotopic contrasts. We
chose to combine the DNA/DTAB results with those recorded previously on the synthetic P/S
mixtures to write a Letter for urgent publication to Langmuir: “New method to predict the surface

tension of complex synthetic and biological polyelectrolyte/surfactant mixtures”.?

First we modeled the surface tension of aged Pdadmac/SDS and NaPSS/DTAB mixtures in the
phase separation region where they form a depleted surfactant solution. The surface tension is
determined by the surfactant chemical potential, which in this case is simply determined by the free
surfactant concentration. NR data from FIGARO were important in the latter case to show that no
polymer remained at the interface. The surface tension isotherm for the pure surfactant is converted
to that of the aged mixture by transforming the concentration scale of the pure surfactant to that of
the free surfactant in the mixture, after a correction of the bulk binding isotherm. Previous work on
a related P/S mixture showed that complexes lost their colloidal stability (at the left edge of the
phase separation region) with 60% surfactant binding, and only a few percent excess binding occurs
after stoichiometric binding. Therefore we apply an empirical correction in the derivation of the free
surfactant concentration where surfactant binding increases linearly from 60% on the left edge of
the phase separation to 100% at and beyond the point of charge neutrality.
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We then applied the model to the data recorded
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In this experiment we applied a novel method of determining the interfacial composition using two
isotopic contrasts recorded in air contrast matched water. This new approach reduces uncertainty in
the data from the choice of interfacial structure applied and was possible due to the high strength at
low Q of FIGARO. There is insufficient space to go into more details here but the approach is
outlined clearly in the Supporting Information of our Letter® and will be used broadly in the future.
Note that data remaining from this FIGARO experiment on the DNA/CTAB system were not
included in the publication but are likely to be the subject of an additional paper in the near future.
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