Nano-Impact Electrochemistry at the Interface between Two Immiscible Electrolyte Solutions: Investigation of Liposomes/Aggregates
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Nano-Impact Electrochemistry (NIE) has emerged as a method for characterizing individual nano-size objects through their collision with an (micro)electrodes [1]. NIE has become an important method for investigating both hard and soft particles at a single-entity level. This methodology provides information that cannot be obtained from bulk measurements and has recently profoundly transitioned from the electrode/electrolyte interface to the liquid-liquid interface [2,3].
The Interface Between Two Immiscible Electrolyte Solutions (ITIES) is a soft junction that can be polarizable when appropriate hydrophilic and hydrophobic supporting electrolytes are added to the mutually immiscible aqueous and organic phases, respectively. Resulting junctions are smooth (deprived from mechanical defects), reproducible, and can be easily miniaturized, making them suitable for NIE studies [4]. In addition, ITIES systems are considered good biomimetic models for biological membranes.
In this work, we investigate lipidic objects along with their building constituents using NIE at the ITIES. We have found that charged cholesterol derivatives presence in the liposomal bilayer can be used as the intrinsic source of the impact event. Liposomes were made either via simple sonication or extrusion methodology. The prepared soft particles were characterized using dynamic light scattering (DLS), zeta potential measurements, calcein release assay, cryo-EM, FTIR spectroscopy, whereas interfacial behaviour was studied using electrochemical tools along with molecular simulation. NIE measurements were performed at a micro water | | DCE interface (50 µm) prepared using silica fused capillary. Collision of single lipidic objects with the soft junction has led to current spikes recorded during chronoamperometric readings. Further analysis allowed for clear differentiation of these particles in terms of their size. This study demonstrates the potential of NIE at soft liquid-liquid interfaces to investigate unloaded liposomes and individual lipid components. The developed approach may contribute to future studies of more complex biomimetic and lipid-based soft particles.
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