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Understanding water at interfaces by vibrational spectroscopy?

Interfacial solvation plays an important role in electrochemical processes. According to the Marcus theory,
solvation is determining the barrier of electron transfer. In some of the most important electrochemical
reactions, such as hydrogen evolution, oxygen reduction and oxygen evolution, water is both reaction partner
and solvent. In all reactions involving ion transfer, solvation of the ions is an important part of the mechanism.
Vibrational spectroscopy methods are often methods of choice to study solvation. The interpretation of the
experimental results relies on a thorough understanding, amongst others, of the spectra of the bulk systems.
Combination with computational methods aids both the interpretation of experimental data and a validation of
the computations.

This presentation will give a brief overview over the state of the interpretation of the vibrational spectrum of
bulk water. While this spectrum is known for about a century, especially the interpretation of its OH stretching
modes seems still controversial. Experimentally, the OH stretching mode region is represented by a rather broad
continuum. H20 has 3 normal modes, however, hydrogen bonding influences the OH stretching modes and thus,
interpretations exist in which the different spectral components are assigned to species with different degrees
of H-bonding. Over the last decade, more and more evidence has emerged of the delocalisation of modes and
presence of collective modes.

Examples from our own work will be used to illustrate the role of water in different interfacial processes.
Underpaint corrosion presents a scenario in which a reaction volume with nanoconfinement opens at a
metal/polymer interface. Electrochemical processes drive delamination, at the same time consuming solvent and
producing dissolution products. The limited access of water can lead to unusual patterns of degradation involving
chemical oscillations, and to unusual reaction intermediates such as aluminium hydrides.

A model system to study electrode potential dependent solvation is the interface between germanium and
aqueous electrolytes. Ge shows a reversible potential dependent surface transformation from a hydrophilic OH-
terminated surface to a hydrophobic H-terminated surface. Vibrational spectra show the increase in free OH and
decrease in strongly hydrogen bound water near a hydrophobic surface, and the formation of a “hydrophobic
gap” of ca. 2 A. A final system illustrating technological relevance in a possibly unexpected context are inclusions
and surface water in high purity quartz. Vibrational spectra can be used to track the evolution of hydroxyl groups
and water, revealing a complex chemistry in an apparently simple system.

All interested colleagues are welcome to this seminar lecture

(45 min. presentation followed by discussion).
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