Aggregation Kinetics of Colloidal Nanoparticles in a Circulating Microfluidic Cavity
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Introduction: Analyte contained L et Results: The dimer concentration Is maximize to have an
in the air stream is absorbed into the =~ optimum analyte detection. The optimum point happens at:

cavity, mixes with the nanoparticles
as a result of the circulating cavity
flow. Therefore, the nanoparticles
seguentially aggregate Into clusters
of higher orders which enables
analyte detection using Raman Formed dimer
spectroscopy.
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Conditions for numerical simulations:

* Ambient condition: T, = 20°C, T,, = 10°C, RH = 50%
Outlet * Inlet velocity: u,, = 10 mm/s,
* Analyte concentration: c, = 1 mM
* Initial concentration of nanoparticles: ¢, = 100 pM
Physical phenomena: » Aggregation kinetics: k, = 108 [Ms], V, = 3kg T and B = 10* [M]
* Fluid dynamics of the air flow
* Fluid dynamics of the microfluidic cavity

» Evaporation from air/liquid interface 4
» Absorption of the analyte from the interface -
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» Second order aggregation kinetics of nanoparticles > o N .
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Figure 1. Computational Domain and governing equations Figure 3. Formation of dimers in the cavity and air velocity vectors

Conclusions: We Investigate the flow field, mass transport and
Table 1. Multiphysics model aggregation Kkinetics to find the number of formed dimers
according to the concentration of the analyte. There Is an
optimum point at kcypt = 0.7 where the number of formed
dimers Is maxima for optimal chemical detection.

Physics Variables Domain

Weak form PDE: Initial curvature of the interface 1D F Interface
Deformed Geometry: Moving interface 2D X, Y Entire _
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