
Oil and water don't mix. But if you bring oil and water together chemicals dissolved in the oil might migrate across the oil-water
interface into the water. And of course chemicals in the water can move into the oil. Transfer of chemicals across the interface
between liquids that don't mix is important in many biological processes like photosynthesis in plants or transport across the cell
membrane. It has also been suggested that it can make chemical synthesis more efficient if the product could be transferred to a
different liquid to reduce the need for purification after the reaction.

How much of a compound that is transferred when the liquids meet depends on the transfer energy. This is a measure on how
much energy it costs to move a particle from one liquid to another. The value of the transfer energy depends on the concentration
of the compound, how hydrophilic (water loving) or hydrophobic it is and the properties of the liquids. If the transferred species is
an ion, that is a charged molecule, the transfer energy also depends on the electric potential difference between the liquids. The
potential difference can be controlled by putting electrodes into the liquids and applying an electric potential. These kind of
reactions, involving transfer of molecules between two immiscible liquids, under electrochemical control are what we want to
study in the present project.

In many cases the speed of chemical processes are limited by how fast the reagents are supplied to the reaction zone. In a vessel
with still solution this happens through the relatively slow process of diffusion, like the spread of a drop of ink in water. To speed
up the process one can add what is called hydrodynamic control, which is when the liquid is moved around, e.g. by stirring. We
will use a microfluidic system, where liquid is pumped through narrow channels for hydrodynamic control. One reason is that this
uses very small amounts of reagents, that are often quite expensive. Another reason it that using computer-controlled pumps this
gives us a very good control over the flow of the liquid.
A novel way of hydrodynamic control is a method called electrowetting on dielectrics (EWOD). By applying a voltage between
two electrodes immersed into two liquids (but protected by a dielectric so no current can flow), e.g. an oil drop in a water bath, the
strength of the surface tension between the liquids can change. This affects the shape of the droplet. If an alternating voltage is
applied the droplet can start to vibrate, causing motion of the liquid in the droplet.

Using these systems for controlling the motion of the liquids we want to see if we can understand how the flow affects reactions
taking place at the interface between two liquids. Equally importantly, we will also investigate how we can use the flow, and the
effect of the electrowetting on the interface between the liquids to control the reactions. Can we use these methods to increase the
rate of enzyme reactions? Or to lower the detection limit of ion sensors?

Another way of controlling the transfer of ions or other reagents through the interface is to use other molecules that are good at
"helping" this movement. Such examples are the ionophores which are molecules that bind specifically to certain types of ions.
This works quite well in stationary systems, but how will that work if the ionophores are flushed away? These molecules are very
expensive, so somehow they must be recycled. Is this possible? We will be looking for the answer to such question in this project.

In conclusion, this project is about investigating reactions at the interface between non-mixing liquids in flowing system and to
understand and exploit the possibilities of controlling such reactions.
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