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Polyelectrolytes [1] are important molecules in biology, foods, pharmaceuticals, coatings, and
other ‘soft matter’ [2]. They are polymers with electrically charged chemical groups that
strongly influence the physical properties. Examples include turning a liquid into a gel,
promoting the long shelf life of a paint or skin cream, absorbing spectacular amounts of water
in baby diapers, and helping solid particles flocculate during waste water treatments. A key
property of polyelectrolytes is their electric charge, but this is not easily determined. An acid-
base titration may inform on the quantity of chargeable chemical groups, but this does not
provide information about the actual charge under specific conditions. Moreover, theory
predicts that the measurable charge is affected by charge regulation.

Part of the counterions released by dissociation of chemical groups are thought to remain in
the vicinity of the polyelectrolyte molecules, thereby lowering their effective charge. In
theory, a polyelectrolyte molecule can be regarded as a thin, long cylinder containing a high
surface charge density. At low salt concentration, ionic screening is ineffective [3] and the
surface charges on the cylinder repel each other strongly, which is energetically unfavourable.
Consequently, some counterions recombine with the dissociated groups resulting in partial
neutralization. This phenomenon has been predicted to occur when the distance between
two surface charges, b, is smaller than the Bjerrum length Ag (Figure 1). This is the distance at
which the electrostatic interaction equals the thermal energy kT [4].
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Figure 1: Charge regulation effects in a negatively charged polyelectrolyte

In this project, different experimental techniques (conductivity, titration, osmometry, ...) will
be used to measure the electric charge of polyelectrolytes, as a function of polyelectrolyte
concentration and ionic strength. The main objectives are (a) to see whether we can detect
charge regulation phenomena in our own experiments and (b) to gain insight into the
phenomena by comparing our experimental results with published theories. To carry out the
project, we are looking for an enthusiastic student with affinity for physical chemistry, willing
to perform physical measurements and to study the theories underlying the measurement
methods and charge regulation phenomena.
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