New method to predict the surface tension of complex synthetic and biological polyelectrolyte/surfactant mixtures
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While the surface tension of complex mixtures determines the fate of important natural processes like the stability of
aerosol droplets in clouds and the biological function of lung surfactants, the property is notoriously difficult to
interpret and model. For example, it was established over a decade ago that some strongly interacting
polyelectrolyte/surfactant (P/S) mixtures exhibit a striking cliff edge peak in their surface tension isotherms [1].
Recently we have systematically linked the surface tension peak of a strongly interacting P/S mixture to slow
dynamic changes in its bulk phase behavior [2], and we went on to demonstrate the non-equilibrium nature of the
system [3]. Here we announce a simple new approach that successfully predicts the surface tension of two
synthetic (Pdadmac/SDS and NaPSS/DTAB) and one biologically-relevant (DNA/DTAB) mixtures [4]. The approach
is based on the non-equilibrium framework of comprehensive precipitation of kinetically-trapped aggregates
followed by their transport under gravity away from the probed interface. Importantly our approach does not need
any measurements of the surface properties of the mixtures; only the surface tension isotherm of the pure surfactant
and some bulk measurements of the mixtures are required. This simplification in our understanding of the surface
properties of strongly interacting mixtures may lead to the optimization of a broad range of applications involving
commercial synthetic polymers, DNA and proteins at surfaces, such as in common household formulations and
rapidly expanding research areas such as targeted drug and gene delivery.

Figure. Left. Surface tension of aged Pdadmac/SDS (red) and NaPSS/DTAB (blue) solutions with our predictions of the surface
tension which are not based on any surface measurements of the mixtures; shaded area indicates the phase separation
regions. Right. Table-of-contents image from our recent letter in Langmuir [4] showing the prediction for aged DNA/DTAB
mixtures.
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