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Summary 
 
Water - despite its ubiquity and importance - is yet incompletely understood. Its behaviour 
remains the subject of vivid scientific debate and new theoretical frameworks keep 
emerging as well as new experimental and numerical methodologies. Interfaces are likewise 
omnipresent in both science and technology and associated interfacial dynamics involving a 
water phase are therefore very interesting to study, with ample potential applications. This 
thesis focusses on three of the most important interfacial water phenomena: proton 
diffusion in a complex environment, drop formation and relative oil-water displacement 
within a porous material. 
 
We start our experimental investigations by studying a liquid-liquid ’quasi-interface’ made 
up of two complex, cell-like aqueous solutions with different pH values (chapter 3). Such 
’interfaces’ are frequently encountered within the cytoplasm where - according to recent 
evidence - subdomains with (fairly) different pH values may coexist even in the absence of a 
physical barrier such as a lipid membrane. We use a combined approach of microfluidics and 
ultrafast femtosecond IR spectroscopy to probe both the proton diffusion behaviour and the 
water reorientation dynamics. Our experiments reveal that the proton diffusion coefficient 
in these cell mimicking solutions is significantly reduced, while the water dynamics remain 
almost unchanged. These results strongly suggest that in such complex solutions a buffer 
mediated proton diffusion mechanism dominates over the classical ‘Grotthus’ diffusion 
encountered in bulk water. 
 
The second part of this thesis focuses on droplet formation at the water-air interface: 
inviscid droplet breakup is a universal, extremely rich phenomenon and its theoretical 
description constitutes one of the simplest instances of a naturally occurring finite-time 
singularity. In Chapter 4 we follow the rupture dynamics of water and inviscid fluids by the 
help of an ultrarapid camera setup. The observed pinch-off behaviour of water and aqueous 
solutions substantially deviates from other simple liquids, which is reflected by the 
unexpectedly high derived surface tension values of newly created water-air interfaces. 
While the origin of this striking result remains incompletely understood, the existence of 
such a dynamic surface tension has crucial consequences for a wide variety of processes that 
occur at very short submillisecond time scales. In Chapter 5 we further assess the validity of 
a promising electrical method that presumably allows to experimentally approach the 
instant of drop breakup on a nanosecond time scale. We follow the rupture dynamics of 
highly conductive liquids - mercury and gallium - and compare the results with simulations of 
the mercury pinch-off. Our findings demonstrate that even the application of small voltages 
is detrimental to the pinch-off dynamics due to undesirable side effects that obscure the 
process of interest. 
 
In the last part (chapter 6) we study a three phase system consisting of water and oil in 
different ’rough’ microdevices in order to address a problem that is particularly encountered 
in enhanced oil recovery: oil displacement behaviour as a function of surface topology. We 
therefore perform water flooding experiments in a microfluidic fluorescent microscopy 
setup and, indeed, find a direct relationship between the size of the channel roughness and 
the oil recovery rate. Based on our results we are able to formulate a generic scaling law for 
the amount of the retained oil that accounts for the joint effects of roughness, viscosity, 
surface tension and fluid velocity. We likewise provide a qualitative account on characteristic 



displacement patterns observable for oils with different viscosities and different 
microchannel surface topologies. 
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