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Description:

Next-generation Lithium-ion (Li-ion) batteries feature faster charging rates, longer operation
lifespan, and sustainable materials. Improving Li-ion battery performance provides powerful
energy storage solutions, essential for expanding electric vehicle use and building more flexible
electrical grids. However, the application of battery nanoparticles with high theoretical capacity
and natural abundance is hindered by diffusion limitation of Li-ions and significant volumetric
change during charge-discharge cycles.

To overcome the diffusion limitation, we organize battery nanoparticles into porous,
interconnected networks by guiding their self-assembly at water-oil interfaces. This strategy
leverages the bicontinuous nature of phase-separated systems to create a unique nanomaterial
known as bicontinuous interfacially jammed emulsion gels (bijels), where nanoparticles stabilize
the interface between immiscible fluids (Figure 1).

However, one major obstacle is the huge volume expansion of battery nanoparticles while
charging. A common solution involves growing a sacrificial silicon dioxide (SiO) shell around
battery nanoparticles as a spacer (Figure 2). In contrast to our typical bijel system where the
nanoparticles carry consistent surface charges, the surface charge of synthesized SiO; shells is
highly sensitive to the pH value and requires a more detailed investigation about bijel stabilization.

To bridge this gap, you will first synthesize SiO, nanoparticles via the well-established Stober
method. By studying the correlation between pH and particle surface charges, you will find the
optimal conditions for bijel formation. Your research findings will then be applied to the
battery/SiO, core-shell particles, paving the way toward developing advanced battery anodes with
fast-charging capability.
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Figure 1. A confocal microscopic Figure 2. Battery/SiO2 core-shell
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