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Molecular and materials modelling

DFT modelling

Molecules
● Potential energy surface interpolation
● Molecular dynamics for reactions
● Quantum dynamics method development

Multiscale applications
● Hydrogen storage
● Gas-surface reactions
● Fragmentation methods
● Interstellar chemistry
● Ion thruster chemistry
● Host-guest systems

Fundamental theory
● Dynamic Voronoi Metropolis Sampling:

What are multielectron wavefunctions actually telling us?

Energetic materials
● Reactive materials
● Effect of shape on combustion
● Rocketry

Funding
● ARC Discovery 

Projects
● ARC Linkage 

Project
● Department of 

Defence

Structured materials defects for
colossal dielectric permittivity
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FCC HCP BCC Approximate BCC crystallite boundary

Structured materials defects for
visible light catalysis

Structured materials defects for
photovoltaic films

Modelling thermal expansionExploring materials vibrations

● Dielectric properties ● Ferroelectrics/mutiferroics ● Photocatalysis

How does astrochemistry work?
Modelling reactions on interstellar ice grains

Modelling surface reactivity on crystals

Fragmentation methods:
Sophisticated treatment of solids

Storing hydrogen in solids and in molecules
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Scalable quantum mechanics solutions Understanding complicated reactions The fine details of reactivity

Host-guest encapsulation for
applications like drug delivery

How do the dynamics of guests
influence observable properties?

“Interpretation of Oxygen 1s X-ray 
Photoelectron Spectroscopy of ZnO”
Chemistry of Materials, 2023

Correcting 50 years of 
bad experimental interpretation!
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