Hydrated ions and Polyelectrolytes as Molecular Lubricants
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When charged surfaces interact across an aqueous solution, counterions may be trapped between them as they approach, due to the necessity to maintain an overall electroneutrality. This leads to the well-known double-layer repulsion. Such counterions have recently been shown [1] to act like molecular ball bearings when the compressed surfaces confining them slide past each other. This results from the fluidity of the hydration layer about them together with the tenacious nature of the water of hydration. How might this effect combine with the large entropic repulsion between polymer segments in a good solvent, for example in charged polymers? It is known that neutral polymer brushes form extended structures at surfaces, and - when two brushes are mutually compressed – excluded volume effects result in very limited interpenetration between them even at high loads. When brush-bearing surfaces slide past each other, therefore, the interfacial region remains very fluid and low friction results [2]. The combination of charge effects with such polymers at surfaces, ubiquitous for example in living systems, should therefore – in the light of the behaviour of hydrated ions - lead to interesting new phenomena when utilized as friction-modifiers. We have constructed polyelectrolyte brushes on a hydrophobized mica surface in aqueous solution by self-assembly of polyelectrolytic-hydrophobic diblock copolymers, and have used a state-of-the-art surface-forces balance to measure the resulting normal and particularly frictional forces between them as they slide. Our results, reveal a remarkable lubrication behaviour [3] which we attribute to a combination of the steric-entropic factors that play a role in neutral brushes, in conjunction with the hydration sheaths that surround the charged segments in polyelectrolytes. New results on lubrication by surfactants which make use of these ideas will (time permitting) be shown at the meeting. 
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