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Numerical simulation of microfluidic flow (in COMSOL) - Application to biosensing.
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Scientific Context :

Integrated optical waveguide sensor prototypes based on plasmonics are ultra-sensitive, allowing to detect
traces of a given analyte from a real sample in a specific manner [1]. In these biosensors, target molecules bind
on the sensor’s surface to immobilized probe molecules (e.g. proteins, antibodies) pre-deposited on the surface
by a chemical functionalization technique. The real sensitivity of the biosensor corresponds to the minimal
concentration of target molecules the instrument is capable to detect. It is an essential characteristic of the
biosensor and is resulting from various factors, including the optical bulk sensitivity, the affinity constant
between the probe and the target, and also the quantity of target molecules that interact with the sensor’s
surface area. This quantity depends of the 3D distribution of the target analyte inside the flowing liquid. In
ICB, we develop microfluidics modules to transport the analyte solution in a controlled way at the location of
the sensors. The design of the microfluidics (MF) has an important role in improving the real sensitivity. One
of our objective is to explore different MF designs by studying the binding kinetics of a given biomolecular
surface interaction. As in MF systems the flow is usually laminar, only a very small fraction of the targeted
molecules actually can be found in the effective surface detection area, thus is a limiting factor for sensitivity.
Therefore, to increase the sensitivity; we want to force a localized turbulence of the fluid to redirect the
particles to be detected as close as possible from the detection area.

Numerical simulation is a great tool to help us predict the efficiency of new designs and to interpret the
experiments.
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Objectives and content of the internship:

The main objective of the internship is to simulate in a finite-element method software (COMSOL) the flow of
particles in microfluidic channels and compare with current experiments. Various designs can be studied,
including complex 3D shapes that are susceptible to be fabricated by 3D microlithography [3-4].

Additional note: On the same scientific theme, another M1 internship is also proposed, but dedicated to
experimental development.
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