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Abstract

Electrochemical interfaces control charge transfer and storage, material generation, and corrosion
processes in many electrochemical systems. As a result, controlling the chemistry and structure of
these interfaces offers a powerful strategy for designing functional materials with improved
performance. This thesis investigates how interfacial electrochemistry can be used to control both
nanomaterial formation at liquid|liquid interfaces and material stability at buried solid|liquid
interfaces in corrosion science.

The first part of this work uses polarized liquid|liquid interfaces as versatile platforms for
interfacial electrosynthesis. Heterogeneous electron transfer across micro-interface was used to
initiate polymerization and nanoparticle formation directly at the interface. It was demonstrated
that solvent type plays an important role in governing reaction kinetics, nanoparticle size, and
nanocomposite structure. In particular, w|a,a,a-trifluorotoluene (TFT) interfaces enabled rapid
formation of highly cross-linked Au nanoparticle-poly(vinylcarbazole) (poly(VC))
nanocomposites with higher glass transition temperatures, indicating increase—d crosslinking,

whereas w|1,2 dichloroethane (DCE) interfaces favoured the formation of more crystalline



nanostructures with distinct conductivity characteristics. The conductivity and electroactivity of
these films were further shown to depend strongly on growth conditions. In another study,
electrochemical oxidation of dopamine at liquid|liquid interfaces enabled the controlled formation
of Au nanoparticle-polydopamine (Au NP/PDA) nanocomposite films under external potential
control. Aqueous-phase pH was shown to control both nucleation and film growth. Higher pH
enhanced heterogeneous electron transfer, increasing film thickness, and promoting nanoparticle
encapsulation within the polymer matrix. The resulting nanocomposites exhibited tunable
electrochemical behaviour and were successfully applied as sensing platforms, showing a linear
detection range for dopamine (0.2—-20 uM) with low limits of detection. These results demonstrate
that liquid|liquid interfaces are powerful synthetic environments for generating functional
nanocomposites with controllable structure-property relationships.

The second part of this thesis applies interfacial engineering principles to corrosion protection at
buried metal|coating interfaces by designing functional nanofillers to disperse in epoxy coatings.
It was demonstrated that incorporating a small loading (0.01 wt.%) of phosphonium ionic-liquid-
functionalized biochar (IL-BC) significantly enhances coating durability under marine conditions.
Electrochemical impedance spectroscopy and cathodic delamination studies revealed that IL-BC-
modified coatings exhibited improved resistance to coating disbondment compared to neat epoxy.
The enhanced improvement is likely due to the improved IL-BC dispersion enabled by silane and
phosphonium ionic liquid functionalization, which decreases alkaline degradation and corrosion
at the metal|coating interface. Building on ILs’ ability to improve nanofiller dispersion in epoxy
matrix, in another study, a one-pot ionic-liquid-directed approach was used to synthesize
Fe3Og4/graphene oxide nanohybrids directly within ILs. Phosphonium ionic liquids acted

simultaneously as reaction media, directing agents, and interfacial compatibilizers, yielding



uniformly dispersed structures that reinforce the polymer network. The resulting coatings
demonstrated excellent long-term performance, maintaining impedance values near 10° Q cm?
and corrosion current densities below 1072 A cm 2 after prolonged seawater immersion and
erosion-corrosion testing. These results show that controlling interfacial electrochemistry can
serve as a common approach for designing functional materials, allowing precise nanomaterial

synthesis and improving the durability of protective coatings in harsh conditions.
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