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Abstract:

We have recently reported that addition of anionic polyelectrolyte sodium polyacrylate (NaPA) to solutions of anionic surfactants
(SLES) enhances their detergency if divalent ions are present. This boost in washing performance was found to be even larger in the
presence of a protease enzyme, which is a common ingredient in laundry detergents. While a NaPA solution shows little detergency, its
addition to either a surfactant solution or a surfactant-enzyme mixture in the presence of divalent ions was able to boost their
performance by a factor of 2. It was proposed that the mechanism involves the formation of surface-active calcium bridged NaPA-SLES
aggregates. This proposal seeks to understand the molecular origin underpinning this effect by use of selectively contrast matched
surfactants, polymers and proteins. We aim to obtain an experimental validation of the polymer-surfactant aggregates observed in
molecular dynamics simulations and extend the measurements to a more complex system including an enzyme, which is relevant to real
laundry detergents.
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Background: In an earlier experimental report, it was observed that addition of anionic
polyelectrolytes to anionic detergents lead to an increase in detergency power of the
solutions if divalent ions were present. This led us to postulate that divalent ions promote
attractive interactions between like-charged anionic surfactants and polymers in aqueous
solution. The proposal aimed at gaining a molecular understanding of this mechanism. To this
end, several mixtures of surfactant, proteins and polymers were measured under different
contrast conditions. The results are then compared with molecular dynamic simulations.

Summary: The solution of pure protein was found to contain aggregates, as evidenced by an
upturn in the Guinier region, which presumably occurred due to the temperature rising above
4 °C during the transportation of the samples to the ILL, we therefore do not discuss those
results further. Below we outline the measurements for the single component surfactant
systems and for the single polyelectrolyte system. A paper for the single polyelectrolyte
system has been written up and will be submitted to Macromolecules in the coming weeks. A
second manuscript on the single surfactant systems is in preparation.

Polyelectrolytes with divalent ions
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also consistent with the correlation length data discussed above. Still, the question remains
as to the lengthscale on which MgPSS is more collapsed than NaPSS. As we are not able at
present to reach a satisfactory conclusion on this point, we will be investigate the issue in
future work.

SLES and MES in water with and without divalent ions

The two surfactant systems studied, sodium lauryl ether sulfate (SLES) and methyl
ether sulfonate (MES) were measured as a function of surfactant concentration in aqueous
D,0 solution at an ionic strength of 0.011 M. For the SLES system, the content of Ca2+ ions in
the aqueous media was varied. The MES surfactant was found to precipitate upon addition of
calcium and hence was not measured.

Figure 2 shows the structure of the SLES surfactant and the scattering curves for the
highest and lowest measured concentrations of SLES in D,0O without calcium ions. The data
are fitted to a tri-axial ellipsoid form factor and the interparticle structure factor is calculated
using the Hayter-Penfold mean spherical approximation. For the highest concentration,
where we obtain the best agreement between model and experiment, we find R1 = R2 = 22A
and R3 = 42 A, revealing rather anisotropic micelles. These results differ from simulation
results using either fully atomistic or coarse grained surfactant molecules, both of which show
R1 = R2 = R3 within about 10% accuracy. The reason for the discrepancy is not clear to us at
present and we are working to resolve it.
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Figure 2: Top panel: structure of SLES. Modelling of SLES surfactants using an ellipsoidal form
factor combined with the mean spherical approximation.



