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ABSTRACT 

Artificial Intelligence (AI) has long been a subject of fascination, oscillating between grand promises and 
inevitable disillusionment. While remarkable milestones, like AI outperforming human champions in 
complex games, suggest we are entering a new era of computing, a deeper look reveals that these 
breakthroughs come at a steep cost — demanding vast amounts of energy and intensive, expensive 
training process. In areas like cognition, decision-making, and intelligence, even our most advanced 
computing machines fall far short of the brain’s unparalleled efficiency and compact design. The core of 
this challenge lies in the limitations of conventional circuit elements and computing architectures, which 
struggle to replicate the brain’s complex, nonlinear dynamics operating at the edge of chaos. In this 
seminar, I will introduce a new class of molecular circuit elements designed to capture the intricate, 
reconfigurable logic that mimics brain-like behaviour at the nanoscale. These devices can be operated as 
analog or digital elements, or could be poised on the verge of instability, offering a unique potential to 
emulate neural functions in ways that traditional computing hardware cannot. Our journey explores these 
molecular systems from their foundational physics and chemistry, all the way to integrated circuit design 
and on-chip applications [1-7] with the aim of laying the groundwork for AI and machine learning platforms 
that can transcend the limitations of Moore's Law and lead to a new era of energy-efficient computing. 
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