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Research Summary:

Density functional theory (DFT) has become the foremost computational method across materials science and
chemistry, primarily due to its useful compromise of accuracy and efficiency. Despite this success, much work remains
to be done in developing the next generation of DFT methods that extend the technique to ever more challenging and
sensitive situations™l. The past decade has seen much attention focussed on improving accuracy methods, to the extent
that materials previously thought of as too complex for DFT have been successfully modelled [ 71 1121 131 Often
however, this advance in accuracy has been at the expense of computational efficiency, preventing the accuracy enabled
new methods from being brought to bear in high-throughput studies for material or drug design. My research drive has
been to address this disconnect by blending my molecular physics background with an expertise in numerical methods
and computer programming to design theoretical and computational tools that deliver cutting edge accuracy from
minimal computer resourcest B 91, This research goal is directed and informed by an overarching interest in
improving the energy sustainability of humankind both by designing new tools for energy chemistry simulation [ [41
151 and by applying said tools to analyse energy important processest® [71. [8], [10], [12]. [13],
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Professional Activities:

Reviewer: The Journal of Physical Chemistry Letters, Physical Review B, Journal of Chemical Physics, MDPI:
Materials, MDPI: Crystals, MDPI: Molecules, MDPI: Computation.

Member: American Physical Society (APS), American Chemical Society (ACS)

Editor: Editorial board for Frontiers in Energy Research newsletter (http://www.energyfrontier.us/newsletter)
from the Office of Basic Energy Sciences at U.S. Department of Energy Office of Science.

Developer: Scientific programming expertise in Python, C++, and Fortran.

Contributions to Tubomole, VASP, XCFun, and the QUEST program codes.

In-development fork of pyscf implementing support for fractional nuclear charges.

Lead developer of efficient python atomic orbital code for rapid method development and testing.
Authored small open-source scientific tools.

Attended “New Horizons in Scientific Software: from Legacy Codes to Modular Environments”
conference.

Installed, maintained, and administrated Tulane MaTComp group high performance compute server.
Simple website design and maintenance of personal and research group sites.

Grants:

2020: National Science Foundation career grant, under consideration. Visualisation, interpretation, and
modelling of exchange-correlation hole for density functional theory ($500,000 significant
contribution)

2018: Department of Energy, 09/01/2018-08/31/2021, $450,060, Development of a local hybrid density
functional to treat the self-interaction error and the nonlocal many-electron interaction (significant
contribution)

2018: American Chemical Society Petroleum Research Fund, 09/01/2018-08/31/2020, $110,000,
Understanding the asymptotic dependence of van der Waals density functionals for heterogeneous
catalysis (minor contribution)

Teaching Experience:

2017- Department of Physics and Engineering Physics, Tulane University

FA2020, Computational Materials Science and Engineering (25 graduate and undergraduate students), gave
guest lecture and created 3 lab classes.

SP2020, Quantum Mechanics Il (15 graduate students), lectured 2 classes.
Mentored 4 Ph.D students.
Created and ran two summer research placements for high-school students.

2016-2017 Physics Department, The University of Texas at El Paso
SP2017, Quantum Mechanics (~20 graduate students), lectured 4 classes.
Mentored 2 Undergraduate students.

2013-2016 Chemistry Department, The University of Nottingham

F13CLC, Chemistry and Molecular Physics Literature and Communication Skills (40 undergraduate
students), group tutor.

F13ALA-F13ALC, Advanced Laboratory Chemistry (all Junior year undergraduate chemistry students, ~40
per class group), postgraduate laboratory demonstrator.

Bash programming workshop (~15 graduate students), lecturer.
Mentored 5 masters students.
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Invited Talks:

Session Chair, APS March Meeting (Online, 2021) — DFT and Beyond.

FLO-SIC All hands meeting, University of Texas at El Paso (Online, 2020) — Accurate and efficient functionals
by restoring exact constraints to the regularised-SCAN functional

FLO-SIC All hands meeting, University of Texas at El Paso (El Paso, 2019) — Enhancing the efficiency of density
functionals with an improved iso-orbital indicator.
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CCM SCAN Workshop, Temple University (Philadelphia, 2018) — Developing local hybrid functionals.
CCM SCAN Workshop, Temple University (Philadelphia, 2017) — First principles description of doping
dependent structure in high temperature superconductors.

Contributed Talks:

APS March Meeting, Online (March, 2021) - Accurate and numerically efficient r’SCAN meta-generalized
gradient approximation.

APS March Meeting, Online (March, 2020) - Restoring Exact Constraints to the Regularised-SCAN Functional.
APS March Meeting, Boston (March, 2019) - Enhancing the efficiency of density functionals with an improved
iso-orbital indicator.

ACS National Meeting and Expo., New Orleans (March, 2018) - Utilizing Advanced Kinetic Energy Density
Based Ingredients for Novel Local Hybrid Mixing Functions.

APS March Meeting, Los Angeles (March, 2018) - Utilizing Advanced Kinetic Energy Density Based Ingredients
for Novel Local Hybrid Mixing Functions.
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