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Introduction

Despite decades of research, the successful market authorization of nanocarrier formulations remains rare, primarily due to the lack of scalable
and reproducible fabrication methods. Microfluidic-based manufacturing has emerged as a promising approach, particularly for lipid carriers.
These processes typically rely on the controlled dilution of ethanolic lipid solutions with aqueous buffers. However, the dynamics of ethanol
dilution and nanocarrier formation within microfluidic channels are poorly understood, limiting the optimization and reproducibility of these
methods. This study establishes a robust analytical platform to investigate mixing efficiency and nanocarrier formation mechanisms within
microfluidic chips using confocal laser scanning microscopy (CLSM) and confocal Raman microscopy (CRM) Studies were carried out in a
baffle mixer made of polydimethylsiloxane (PDMS) with alternating baffles, decreasing the main channel width of 200 ym down to 50 um.
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Flow characterization by CFD and CLSM Visualization of carrier formation

Flow profiles across the first four baffles were analyzed using In situ carrier formation was assessed with an ethanolic solution
computational fluid dynamics (CFD) and compared with CLSM containing DOPC and two hydrophobic dyes at TFR 100 ul/min. Both dyes
images, using Rhodamine-labeling of the ethanolic phase. incorporate into lipid bilayers and can function as Foerster resonance
Alternating baffle positions induced centrifugal forces generating energy transfer (FRET) pair when in critical proximity. FRET efficiency is

pressure gradients. Between 100 and 200 pl/min the flow dynamic increased following nanoprecipitation due to lipid bilayer formation,
shifted from laminar to disturbed. Notably, at 200 pl/min, the incorporation of dyes and their enhanced vicinity. CRM confirmed carrier
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