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Abstract
Monitoring Hemolysis with a Parallel Plate Capacitor *
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A parallel plate capacitor can be used as a high resolution sensor of the electrical characteristics
of a liquid sample contained by the capacitor. We are interested specifically in using parallel plate
capacitors to characterize and monitor processes in biofluids. In this case, only dynamic
measurements of the capacitance and resistance at a fixed frequency are generally convenient. In
biofluids, the high polarizability of water and the electrical conduction by ions in solution, determine
the electrical response of the system. When there are biological cells in suspension, the ion density is,
in general, different inside the cell than outside it. Then, cells may act as strong polarizable entities,
through the so-called Maxwell-Wagner effect. In addition, the formation of an electrical double layer
at the interfaces between the biological fluid and the electrodes can influence both, the capacitance
and resistance of the system. All these electrical effects combined must be taken into account to
interpret measurements of the equivalent capacitance and resistance at a given frequency of the
system. In this work, we combine all the mentioned effects into a practical model appropriate for
frequencies above 10 kHz. Then, we present results of monitoring the process of hemolysis in human
blood samples exposed to different values of osmotic stress. We use the model to interpret the
obtained results. Overall, our conclusion is that electrical-impedance monitoring of a parallel plate
capacitor containing blood is in fact sensitive to the hemolysis process and, more generally, can be a
competitive way to characterize the osmotic fragility of biological cells. We discuss how to optimize
measurements for future development of ad hoc sensors.
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