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Machine Learning the Structure-Property
Relationships that Define Chemistry

Abstract:
In this presentation, we will demonstrate how modern data science can be used to learn and understand the
structure-property relationships at the heart of chemistry. We will discuss how such an understanding as well as
data-derived prediction models that encapsulate the relationships can be used to accelerate the discovery process in
chemistry and enable the rational design of complex molecular systems with tailored property profiles. We will also
show how machine learning can advance molecular modeling and simulation techniques that are traditionally used
for the prediction of chemical behavior. The results of these physics-based modeling approaches can be calibrated,
augment, or even replaced by data-derived models at a fraction of the computational cost. Finally, we will introduce
our software ecosystem for data-driven in silico research that we employ in studies such as the development of new
high-refractive index polymers. It consists of four loosely connected program suites: ChemLG allows us to enumerate
compound space and create molecular candidate libraries; ChemHTPS provides an automated platform for the virtual
high-throughput screening of these compound libraries; ChemBDDB offers a database and data model template for
the massive information volumes created by data-intensive projects; and ChemML is a machine learning and
informatics toolbox for the validation, analysis, mining, and modeling of such data sets.
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