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Currently, we are experiencing amazing, paradigm shifting scientific developments.

We understand that the size of small molecule and materials spaces is essentially,

infinite, representing an inexhaustible supply of potential drugs and materials with

useful properties. This has seen a rapid increase in automation and robotics, allowing

synthesis of new molecules and materials and measurement of properties orders of

magnitude faster. This has created massive databases of complex genetic, structural,

chemical, property, and biological information.

Finding “islands of chemical utility” in a vast palette of possibilities and extracting

meaning from massive databases has driven a rise in applications of AI and machine

learning, and development of methods. There has been a parallel rise in applications

to most aspects of modern life – medicine, finance, manufacturing, social media. Re-

cently, we saw development of rapid, accurate quantum machine learning methods,

generative methods to suggest new molecules or materials with improved properties,

prediction of protein structures from sequence (AlphaFold), the beginning of general

AI (ChatGPT), massive “make on demand” chemical libraries (ZINC-22), seminal

work on autonomous chemical discovery, and increasing use of other AI methods

(evolutionary algorithms) to discover molecules and materials with improved proper-

ties.

This presentation will discuss drivers for these developments, summarize contributions

my teams have made to adapting and applying machine learning, and provide examples

of applications to biomaterials and regenerative medicine, drug design, 2D and porous

materials, nanomaterials, surface science, cancer diagnostics, corrosion control, and

sustainable energy sources.
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