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Density Profile of Water Confined by Two
Ion-exchanged Mica Surfaces

Wednesday, 18 September 2013 12:15 (2 hours)

Two surfaces in contact are found in everyday life. For hydrophilic surfaces in contact, the natural presence
of a confined layer of water in the narrow gap between them has important implications for geochemical
and biological processes such as swelling of clays and diffusion of water through nanopores [1]. Numerous
surface force experiments have been performed on such systems [2]. However, force studies do not provide
information on the molecular structure of the confined water.
We have adapted a surface force apparatus (SFA) [3] to be used as confinement device X-ray reflectivity (XRR)
experiments conducted at the cSAXS (XSA12) beamline of the Swiss Light Source at PSI. A pair of cylinder-
shaped muscovite mica membranes were made to approach each other until a flat contact area was formed.
We have then performed XRR experiments from the contact area as a function of the momentum transfer q
ranging from 0 to 3.5 Å-1. Model dependent fits [4] to the measured reflectivity I(q) allowed us to determine
the minimum gap distance and the electron density profile along the confinement direction [5].
After a first set of experiments on water confined between freshly cleave mica membranes, in order to shed
light on the effect of the surface ions on the structure of the confined fluid, we exchanged the natural layer
of K+ ions present on cleaved mica surfaces with monovalent Rb+ or divalent Sr2+ ions. The ion-exchanged
membranes were brought into contact in a nitrogen environment with controlled relative humidity (RH). XRR
measurements were then made at 0 and 60 % RH.
We observed layered electron density profiles within the gap with the period of layering equal to the hydration
shell of the cations. We also determined quantitatively the minimum gap distance between the mica surfaces
under the influence of different surface ions (1.82 nm for Rb-exchanged mica at 0% RH and 2.04 nm for Sr-
exchanged mica at 0% RH), which increases for higher RHs.
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