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Bottom-up fabrication techniques have enabled the synthesis and tailoring of functional nanostructures from basic building blocks such as atoms or/and molecules. Tuningthe morphology, interfaces, crystallinity, porosity and/or composition of nanostructures have been shown to enhance material performances in energy harvesting, waste remediation and medical applications. This talk will focus on selected bottom-up strategies developed in our labto prepare multifunctional nanostructures for enhanced solar/bio energy conversion andwater treatment,and to innovate novel nanotheranostics to tackle ongoing challenges in medicine.

Our lab has synthesized several types of graphene based hierarchical nanostructures, which showed significant improvement in energy harvesting when they were applied as electrodes. For example, 2 nm size TiO2-graphene photoanodes showed high photoconversion efficiency (PCE) in dyes-sensitized solar cells, and their size-dependent nanoscale electron transport mechanism were elucidated1,2. In another work, a hierarchically porous graphene-chitosan scaffold showed a significantly higher power density when applied as a bioelectrode in microbial fuel cells3. The above examples demonstrate that the incorporation of high charge transport materials such as graphene into composite materials, together with judicious materials selection and nanostructuraltuning, will enable breakthrough in materials performance. Zero-dimensional (0D) graphene quantum dots (GQDs) exhibit distinctive electronic and optical properties owing to their large edge effects and quantum confinement.We have prepared graphene quantum dots composite materials which showed significantly enhanced biofilm resistant properties4 and enhanced PEC hydrogen evolution. 

Photon upconversion in lanthanide (rare-earth) nanomaterials is ananti-Stokes process when two or more lower energy photons (typically in the near-infrared region) are sequentially absorbed (excitation),leading to the emission of light at shorter wavelengths (typically ranges from UV to visible to near-infrared). We haveengineered lanthanide-based nanostructures with multiple functionalities, and demonstrated their potential applications in simultaneous near-infrared (NIR) activated upconversionoptical imaging5,6, X-ray Computed Tomography (CT)7and magnetic resonance imaging (MRI)8-10. By encasing the lanthanide-based nanocrystalswith a nitrogen-doped TiO2 photosensitizer and functionalizing with a cancer-targeting antibody, our lab has innovated anovel photo-enablednanodevicewhich wasconferred with targeted anti-tumor property and activated by NIR irradiation (808 and 980 nm), which is non-phototoxic and havea deeper tissue penetration (~5 cm, 1 W/cm2)11. This work is currently supported by Singapore National Research Foundation, and is collaborated with clinicians fromSingapore National Skin Centre, with a goal to translatelanthanide upconversion-based technology into novel tools and devices for cancer immunotherapy. 
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