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Elucidating the structure-property-performance relationships of vertically aligned nanomaterials, known as nanoneedles, has been crucial for gaining minimally invasive access to intratissue space and also enabling effective drug delivery strategies. Among many materials, silicon nanoneedles, due to their nanoscale size, low toxicity, and slow biodegradability, are of particular interest for long-term sustained delivery of drug molecules into living tissues. Despite many promises, the majority of current studies has relied primarily on the silicon nanoneedles bound to a bulky silicon substrate that inevitably negates the benefits of using nanoscale needles and results in mechanical mismatch with surrounding tissues. These material limitations would create a more realistic problem for their implementation in clinical practice, particularly for pain-sensitive tissues such as the cornea. This seminar will present about a critical opportunity to unlock the fundamental limits of these nanoneedle materials in a substrate-free environment. Specifically, this seminar will focus on (1) how to tackle this long-standing material challenges in the field of intracellular drug delivery through the design, preparation, and characterization of biodegradable nanoneedle materials and (2) develop a multidisciplinary framework associated with the nanoneedle materials in contact with biological cells and tissues, allowing for translational nanomedicine. 

