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Recent advancements in automation and digitization of chemistry have opened new avenues 
for exploring chemical complexity, but the proliferation of robotic architectures in chemistry 
mean that no standard is being adopted and hence there are real issues associated with 
reproducibility and safety. These issues have been compounded with the explosion of ‘AI-for-
science’ endeavors that promise discovery with no framework to quantify any such discoveries. 
In this talk I will present a new ontology for chemical synthesis called chemputation[1-2], which 
defines a new standard for digital chemical synthesis and allows the development of digital 
twins, safe control of reactive chemistry[3], and allows us to make new potential drugs[4] by 
allowing us to determine which molecules are really ‘makeable’ using known chemical 
reactions[5]. I will also present a new approach to understanding chemical complexity using 
Assembly Theory[6-7] which provides a framework for quantifying molecular complexity and 
understanding the emergence of complex chemical systems. Chemputation, on the other hand, 
offers a standardized method for digitizing and automating chemical synthesis through modular 
robotic platforms and a chemical programming language (χDL).  
By combining these approaches, researchers can systematically explore vast chemical spaces, 
optimize reaction conditions, and potentially discover novel molecules and materials. The 
integration of these two methodologies enables a new approach to explore chemical space with 
autonomous experimentation and discovery. As these technologies continue to evolve, they 
promise to accelerate chemical research, improve reproducibility, provide new insights into the 
fundamental nature of chemical complexity, as well as an entirely new language to describe 
chemical synthesis. 
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