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Humanity faces numerous immense, interconnected challenges including climate change, 

diminishing clean water access, energy provision, and waste management. While solutions to many of 
these issues exist conceptually, their practical implementation requires advanced separation technologies 
capable of efficiently removing targeted species from gas, liquid, or solid mixtures. Despite the maturity 
of the separation field and its many existing technologies, separations remain highly energy intensive, 
consuming approximately 15% of global energy.[1] Additionally, many current technologies are 
economically prohibitive for large-scale deployment. Therefore, developing efficient, low-cost separation 
technologies presents a significant opportunity—offering substantial global benefits through energy and 
cost savings while improving environmental quality and human well-being. 

Our research focuses on pioneering advanced porous adsorbent materials engineered to separate 
specific compounds from gases or liquids through precisely controlled chemical and physical interactions 
at the adsorbent interface. Among the diverse landscape of potential adsorbents, metal-organic 
frameworks (MOFs) emerge as exceptionally promising candidates, distinguished by their extraordinary 
internal surface areas—reaching up to 7,800 m²/g—remarkable chemical versatility, and capacity for 
selectively binding a host of diverse guest species.[2] Through strategic selection of MOF building blocks, 
including metal ions and organic ligands, we can engineer their pore structures with unprecedented 
precision for targeted applications. 

This presentation will illuminate our research dedicated to developing MOFs, MOF-polymer 
composites, and MOF-derived carbon materials for addressing globally significant separation 
challenges.[3-9] We will highlight our recent breakthroughs in adsorbent design, with particular emphasis 
on innovative post-synthetic modification strategies that dramatically enhance performance. 
Additionally, we will present detailed performance assessments across multiple critical applications, 
including carbon dioxide capture, water purification, and resource recovery from waste streams—
demonstrating the transformative potential of these materials for a more sustainable world.  
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