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Nanotechnology is often associated with atomically precise manufacturing of stable, equilibrium 
structures. However, biology demonstrates that molecular systems can perform dynamic, energy-
driven functions such as muscle contraction and active transport. Mastering this nonequilibrium 
complexity in synthetic systems offers transformative opportunities for creating lifelike chemistry. In my 
talk, I will demonstrate how theoretical and computational methods enhance our understanding of the 
physics governing nonequilibrium chemical processes, building on the foundational concept of the 
Brownian ratchet [1]. Specifically, I will discuss three key advancements: (i) Nonequilibrium 
thermodynamics offers an insightful framework for rethinking energetics and efficiency in experimental 
systems [2]; (ii) Graph theory aids in understanding and characterising complex systems [3]; and (iii) 
simulations of catalysis-driven motors reveal general insights into their operation [4]. 
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