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Batteries are Complex: Challenging for Simulation

» Elucidate the formation and structural evolution of interphases at solid-solid interfaces and the
impact on the cell performance, to address the need for

“scientifically rational development of complex electrochemical interfaces”.
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Machine Learning (ML) for Accelerated Modeling

» ML can be used to accelerate atomic-scale simulations
» ML models can also be trained on measured data to predict materials

» ML is also useful for the interpretation of measurements (e.g., from spectroscopy)
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Machine Learning Potentials for Complex Materials

¢ Learn from electronic structure theory (DFT) how atoms interact

s oo EInet

QM/DFT Database Interpolation http://ann.atomistic.net

Applications:
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e Our Approach:

= As accurate as DFT
Reactive
+ Full-dimensional

« Artificial neural networks for interpolation
* Only based on atomic positions

J. Behler, and M. Parrinello, Phys. Rev. Lett. 98, (2007) 146401.

N. Artrith, T. Morawietz, and J. Behler, Phys. Rev. B 83, (2011) 153101.

N. Artrith* and A. Urban, Comput. Mater. Sci. 114, (2016) 135-150.

AM. Cooper, J. Kastner, A. Urban, and N. Artrith*, npj Comput. Mater. 6, (2020) 54.

M.S. Chen, T. Morawietz, H. Mori, T.M. Markland, and N. Artrith*, J. Chem. Phys. 155, (2021) 074801
T. Morawietz and N. Artrith*, J. Comput. Aided. Mol. Des. 35, (2021) 557.
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PARALLEL

Modules for potential fit and for application

» C compatible library & Python interface

Transform atomic
coordinates
PARALLEL

Evaluate atomic
energies & forces
PARALLEL

Atomic Structure total energy &
tomk: forces
N. Artrith* and A. Urban, Comput. Mater. Sci. 114 (2016) 135-150.

M.S. Chen, T. Morawietz, H. Mori, T.M. Markland, N. Artrith*, senet-Lammps, J. Chem. Phys. 155 (2021) 074801.
Jon Lopez-Zorrilla*, N. Artrith* et al, s&enet-PyTorch, J. Chem. Phys. 158 (2023) 164105.

» MC/MD codes: ASE, LAMMPS, Tinker,
DL_POLY, Genetic Algorithms
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Accurate and Efficient ML: Non-Crystalline Nanostructures & Interphases

Cu/ZnO: Artrith,
Phys. Stat. Sol. B 250 (2013) 1191.

EoOnet

http://ann.atomistic.net

Hiller, Behler,

C
CuO/CeO0y: Elias, Artrith, Shao-Horn, et
ACS Catalysis 6, (2016), 1675.

e
al.,

CuAu/H,0: Artrith* and A.M. Kolpak,

Nano Lett., 14 (2014), 2670.

Isolated Si atoms

Shell; Si chains
Core: Isolated Si atoms

Gradual Si clustering

164105.

Artrith*, Urban, Ceder,
J. Chem. Phys. 148, (2018)
241711 (Editor’s Pick) and

Lopez, Artrith* et al.,
anet-PyTorch: GPU support,
J. Chem. Phys. 158 (2023)
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M.S. Chen, T. Morawietz, H. Mori, T.M. Markland, N. Artrith*, senet-Lammps, aenet-Tinker: JCP (2021)
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Approach

» Challenge: The interfacial degradation in solid-state battery cells involves phenomena on multiple length and time scales.
Experimental characterization and first-principles modeling are disconnected.

» Approach: ML enabled by high-performance computing (HPC) to accelerate modeling and connect to experimental length and
time scales.

State-of-the-art, ML-augmented

first-principles modeling Bridging the gap between theory and experiment:
Structure-property relationships from

ML structural fingerprints and simulated spectroscopy

Cutting-edge in situ microspectroscopy
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Feng Wang (ANL), Deyu Lu, Shinjae Yoo (BNL), Alex Urban (Columbia University), Nong Artrith (Utrecht University, NL)
Chuntian Cao and Matthew Carbone (BNL) 1
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Automatrc n ﬂ a

| Generatlon

Interface Structure: Select Sub-Structures Reference Data
¥ MLP-MD Simulation from all Regions

N. Artrith, J. Phys. Energy 1 (2019) 032002.

Our aim in the ongoing project: validate the computational Li(NixMn,Co;)O>
(NMC)/LizLazZr,012 (LLZO) or LiPS models by comparison with spectroscopy

Collaboration: more general database that can be reused in future projects for
automatic interpretation of X-ray spectra of interface systems

12
Nong Artrith (Email: n.artrith@uu.nl)
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Characterization of Interface Structures

» Machine learning (ML) for the automated interpretation of X-ray absorption spectra
from interface systems with e.g., transition-metal oxides
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A.S. Johnson, D. Perez-Salinas, K.M. Siddiqui, Compile .
ith, F. de Groot, S.E. Wall et al; P the literature
Nature Physics 19 (2023) 215-220. database (Co: UU, ESRF, Diamond

Light Source, BNL or others) 13
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Jon Lopez-Zorrilla*, N. Artrith* et al, &enet-PyTorch: a GPU-supported: JCP (2023)
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materialscloud:2023.59

Published April 12, 2023 | Version va [ patasot W' & opon |
Simulated sulfur K-edge X-ray absorption spectroscopy
database of lithium thiophosphate solid electrolytes

Guo, Haoyus'*; Carbane, Matthew R.2*: Cao, Chuntian?: Qu, Jianzhou': Wang, Feng® ¢

Yoo, Shinjae?; Artrith, Nongnuch'-5-*; Urban, Alexander & 7*: Lu, Deyu® Show aftiliations

* Contact person

We present a sullur K-edge X-ray absorplion near-edge structure (XANES) dalabase of 18 crystalline and 48 amorphous Lithium-
Phosphorous-Sulfur {(LPS) compounds. The database contains a total of 2681 XANES spectra of symmetrically inequivalent absorbing
S sites. Structures were taken from Materials Cloud entry 2022.17 (archive. i 17) and were originally

i ing Li, P and S atoms from knavm crystal structures using an evolutionary algorithm and an artificial
neural network based interatomic potential. The details of this procedure can be found in Guo et al. (see references beiow). From this
data sel, low-energy structures ware selactad for spectral simulations. The exciled electron and core hole method as implementad in
VASP 6.2.1 was used to compute the XANES spectra for each symmetrically inequivalent Sulfur atom. The details of the VASP

simulations can be found in the il We ige financial suppart by the U.S. Department
of Energy (DOE) Office of Energy Efficiency and Renewable Energy, Vehicie Technologles Office, Contract No. DE-SC0012704, These
resulls used the computational resources of the Center for F i ials and the Scienlific Data and Cq ing Center, a

component of the Computational Sciencs Initiative. at Brookhaven National Laboratory under the Contract No. DE-SC0012704. We
also acknowledge computing resources from Columbia University's Shared Research Computing Facility project. which is supported by
NIH Research Facllity Impravement Grant 1G20RR030893-01, and assoclated funds from the New York State Emplre State
Development, Division of Scisnce Technolegy and Innovation (NYSTAR) Contract C090171, both awarded April 15, 2010.

N. Artrith (n.artrith@uu.nl): https://github.com/atomisticnet
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CatMine-LLM

LLM-Enabled Literature Mining Workflow for Cu-Based CO, Hydrogenation Catalysts Development

Overview

CatMine-LLM is an open, reproducible workflow that applies large language models {LLMs) to mine and structure
unstructured scientific literature on copper-based CO; hydrogenation catalysts. The project introduces a standardized

catalytic profile schema that links catalyst

, reaction conditions, per

metrics, and

N. Artrith (n.artrith@uu.nl): hitps://github.com/atomisticnet
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