VIDEO ARTICLE a' aPEN

Vid. Proc. Adv. Mater., Volume 3, Article ID 2210350 (2022) Access

Understanding the Materials and Chemical World,
Atom-by-Atom

Bobby G. Sumpter*, Jan-Michael Carrillo, David Lingerfelt
Center for Nanophase Materials Sciences, Oak Ridge National Laboratory, Oak Ridge, Tennessee, USA

Corresponding author: E-mail: sumpterbg@ornl.gov

DOI: 10.5185/vpoam.2022.10350

Graphical Abstract

- Cox(9)
2N KOH

\ ‘kj
KHCO,(aq)

Hy (r,,rg oy )= Ey (r,,rz...r” )

CH,CH,OH

Through development and application of theoretical and computational approaches, the underlying mechanisms for the
formation and function of materials ranging from soft matter to nanostructured and layered materials, are explored and
connected to experiments to help accelerate new discoveries and understanding.

Abstract

Recent advances in computational algorithms, including machine learning approaches along with computer
capacities that are orders of magnitude larger and faster, have enabled extreme-scale simulations and deep data
analytics of materials properties and processes starting with nothing but the identity of the atomic species and
the basic principles of quantum and statistical mechanics and thermodynamics. At the same time, advances in
precision synthesis and nanoscale imaging, spectroscopy and scattering/diffraction have provided tremendous
capabilities for experimentally investigating materials structural, dynamical, and functional characteristics. This
powerful confluence of capabilities/advances and the information bound in large volumes of high-quality data,
offer new opportunities for advancing materials and chemical sciences. To this end, we seek to decode the
atomistic origins of the physicochemical processes that control the structure, morphologies and macroscopic
physical, mechanical, electrical, and transport properties of materials by using an integrated approach where
theory, modelling, and simulation work in concert with precision synthesis, advanced experimental
characterization, and device measurements. In this talk 1 will present results obtained for materials that target
applications for energy storage, energy conversion, information technologies, and lightweight functional and
structural materials. | will further demonstrate how focused beam-matter interactions might be used to achieve
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directed control of atoms and thus deliver “defects and disorder by design” in materials. One of the underlying
mechanisms for such beam-induced transformations is found to be due to accessing excited state pathways that
are more facile than those on the ground state, underscoring the importance of detailed theoretical developments
for such processes.
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