
Advertisement for undergraduate thesis (4G12) research project 

 

Principal Investigator: Paul Ayers 

Title of research project: Machine Learning as an Alternative to Traditional Chemical Computation 

Project description: Traditional computational approaches for modelling molecules and materials are 
thwarted by the inevitable tension between cost and accuracy. It is relatively easy to generate low-
accuracy results, but increasing the accuracy and reliability of these results requires directly solving the 
Schrödinger equation to find the wavefunction and/or the partition function. In machine-learning 
approaches, one does not attempt to computationally evaluate mathematical models for the underlying 
physics, but instead tries to deduce results from data. Such an approach can be used either to avoid costly 
computations, or even to model systems where computation is inconceivable. This project can branch in 
either direction, depending on student interests. For example: 

Model Isomerization Reactions: Modelling molecular rearrangements directly is extremely difficult 
because it is difficult to, a priori, predict what sorts of rearrangements might occur. This is particularly 
true of molecular rearrangements under extreme conditions and/or geologic time scales. As part of our 
research with the Origins Institute, we seek to model these sorts of processes, so that we can understand 
how the few-atom molecules that were abundant in the early days of the Solar System combined and 
rearranged to form the biological precursor molecules. There are also interesting applications to 
environmental (especially atmospheric) reactions of pollutants and fragmentation patterns in mass 
spectrometry. 

Model Molecular Toxicity: Simulating the ingestion, absorption, metabolism, and biomolecular 
interactions of a molecule computationally is inconceivable, but there is a wealth of experimental data for 
molecular toxicity. Can we use this data to predict whether a new (untested) molecule is likely to be toxic 
or not? Structurally similar compounds often (but not always) have similar toxicity, and it is believed that 
usually it is the properties of the molecules’ surface that controls its biological properties. Machine-
learning methods can be leveraged to study the problem of predicting molecular toxicity, or other similar 
problems (e.g., whether a candidate drug molecule can cross the blood-brain barrier, whether a molecule 
binds tightly to a target protein, etc.). 

Number of available positions: 2 

Please send your CV and transcript to ayers@mcmaster.ca 

 

 
  


