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Research Summary

The opportunity provided to me through the Grand Challenge Faculty Award was extremely
valuable for my research program. With the freedom to focus on research, I published fifteen
papers, ™V gave four invited talks, and perhaps most importantly, established new research
directions for the future. I was able to spend an extended period of time at the Institute
for Pure and Applied Mathematics (IPAM) on the campus of UCLA during my leave in the
Spring of 2023. Here, I will briefly describe a few of the research highlights from the award

period and the opportunities that it has allowed.

The focus of my research has been the computational design of materials, with applica-
tion to the development of new energy sources. The research involves development of the
computational methods required to model the function of materials, as well as strategies to
invert the problem and predict new materials with a desired function. Key to this effort is
a new area of research for my group in exascale computing methods. To learn the state-
of-the-art in exascale computing for materials design, I was a core participant in the Long
Program at IPAM entitled ”New Mathematics for the Exascale: Applications to Materials
Science” from March 13 - June 16, 2023.

A good model system for these studies is that of nanoparticle catalysts. Catalysts are
important whenever energy is converted to or from a chemical form. A grand challenge, for
example, is to find a catalytic system which will allow the production of fuel from sunlight;
another is to replace platinum for the efficient electrochemical burning of fuel in a fuel cell.
Nanoparticles are attractive because they can have properties which are different from bulk
materials, and with on the order of 100 atoms, the problem of searching the composition
space and predicting catalytic activity is tractable.

We have made several advances in this area in 2023. In the area of catalysts for water
purification, we have worked with the group of Charlie Werth and Simon Humphrey to
design Pd-Au-Cu nanoparticle catalysts for nitrite reduction, which is a common pollutant
from excess fertilizer in water sources.® For efficient hydrogen evolution from seawater,
we have developed a novel Ni-CO@Fe-Co core@shell nanobox of Prussian blue analoges.*"
Using metal-support interactions to tune catalytic activity, we have shown that classical
scaling relations can be broken to facilitate efficient oxygen reduction.* Perhaps the most
scientifically interesting aspect of our work was to show that Cu dendrites are highly active
for electrocatalytic hydrogen evolution when exposed to a plasma - a very interesting pos-
sibility in the catalytic field."" This advance is being followed up with collaborators here at
UT to see if we can activate methane with a plasma-assisted catalyst.



In the area of battery materials, we collaborated with the Mullins group to show how inter-
molecular interaction in electrolytes can be tuned to facilitate the development of recharge-
able Zn-air batteries.! A large push was made in the area of Na-ion batteries, where we
also tuned electrolyte composition to enhance the performance of Na-S batteries with the
Manthiram group,”’ and developed intermetallic to prevent dendimer formation at the Na
anode with the Mitlin group."' Finally, we used tools from machine learning to help discover
a novel solid electrolyte with a zeolite framework to maintain the structure and a liquid host
to provide a high cation conductivity."

Perhaps the largest effort while my group was at IPAM was to develop a machine learning
(ML) package called PyAMFF.Vil While we are just at the early stages of this project, we
are continuing to develop methods for ML acceleration of electronic structure calculations,
determining saddle points, and discovering the function of new materials.

The Moncrief Award allowed me to help organize a future three-month long program at
IPAM entitled ”Bridging the Gap: Transitioning from Deterministic to Stochastic Inter-
action Modeling in Electrochemistry”, which will take place from Sept 3 - Dec 12, 2025.
This program includes four week-long workshops focusing on computational methods to
model electrochemical interfaces. While acting in an advisory role, I was able to interact
closely with the diverse group of researchers. As a core participant, this program will be of
tremendous value for developing novel methods associated with the very challenging aspect
of electrochemistry at interfaces including modeling the double layer, charge transfer, con-
stant potential simulations, and the role of solvent in batteries and electrocatalysts.

The time provided by this program has given me the chance to explore new research direc-
tions to keep my research program alive and exciting. I am grateful to the Oden Institute
and the Moncrief Grand Challenge Faculty Award Program for giving me this opportunity.
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