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Abstract 
What if a single molecule, the smallest unit of chemical matter, could act as a wire, a diode, a switch, or 

even a quantum bit? In molecular electronics, we treat individual molecules as perfect, designer quantum 

materials: chemically tunable, atomically precise, and endlessly versatile. Understanding and controlling 

their quantum properties is central to building the next generation of miniaturized electronic, spintronic, 

sensing, and quantum information technologies. But before molecules can be put to work this way, we 

need to answer a foundational question: how does a molecule's structure dictate the way electrons move 

through it, and how can we control that quantum-mechanical process by design?  

In this colloquium, I will describe how our lab has taken on that challenge. I will begin with a brief 

introduction to the field and the experimental techniques we use to probe quantum transport through 

single molecules. I will then discuss new design strategies that have enabled transport phenomena long 

considered impossible, including ultralong-range quantum transport, air-stable spin topological states, 

and scalable molecular rectification. I will close by discussing the opportunities and open challenges 

ahead, and where this work is headed next. 

This talk is designed to be accessible to all audiences. 
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