Strong Coupling Attraction in Nanoconfined Water Between Like-Charged Phospholipid Layers
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ABSTRACT
When a surface is immersed in water, it becomes spontaneously charged. Interactions between charged surfaces play a key role in many phenomena, such as the cohesion of cement, the behaviour of polymers, and the adhesion of living cells. Yet under certain conditions, a surprising effect occurs: two surfaces carrying the same charge can attract each other. To elucidate the mechanisms behind this counterintuitive attraction, we investigate stacks of charged lipid bilayers as a model system.
Traditionally, this so-called “strong coupling” electrostatic attraction [1] has been associated with multivalent counterions, yet recent experimental evidence suggests that nanoconfined water can also drive attraction even in the presence of monovalent counterions [2, 3]. We explore this phenomenon by examining the balance between hydration repulsion and strong coupling attraction in charged phospholipid layers.
Using X-ray reflectivity and fluorescence on the beamline SIRIUS, we studied multilayered structures composed of negatively charged DPPS and zwitterionic DPPC phospholipids under varying relative humidity and surface charge densities. These measurements allowed us to quantify water layer thickness, hydration forces, and dielectric properties in nanoconfined environments. Our findings reveal that hydration water near charged surfaces exhibits reduced rotational freedom, as observed previously in confined water [4], which enhances electrostatic interactions and leads to strong coupling attraction between like-charged layers. Our results provide new insight into electrostatic interactions in biological and colloidal systems, with implications for membrane stability and charged interfaces under confinement.
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