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Abstract | Water scarcity is one of the greatest global crises of our time. Increasing water supply
beyond what is available from the hydrological cycle can be achieved by seawater desalination and
wastewater reuse. Highly effective, low-cost, robust technologies for desalination and wastewater
reuse are needed, with minimal impact on the environment. However, progress in current state-ofthe-art water purification membranes has been limited due to inherent limitations of conventional
membrane materials. We will first discuss the state-of-the art of existing membrane technologies for
water purification and desalination, highlight their inherent limitations, and establish the critical needs
for next-generation membranes. We will then describe molecular-level design approaches to
fabricate highly selective membranes, focusing on novel materials such as aquaporin, synthetic
nanochannels, and self-assembled block copolymers.
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