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Background

* Traditional Kohn-Sham density functional theory
(KS-DFT) calculations increase the demand of
computational resources.
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* Alchemical Perturbation Density Functional Theory
(APDFT) estimates catalyst descriptors with

minimal computational cost.
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Scheme for calculating BE with APDFT
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Binding Energy Predictions: Example Case ! BE Predictions: TiC, TiN, and TiO Materials 3
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BE Predictions: Pt, Pd, and Ni Alloys 2

Pd

OH

O 0.02
O 0.04
O 0.06
| ! 1

-0.5 0 0.5
ABEpFT

Pt Ni

Reaction Pathways and Activation Energy 1
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* Alchemical gradients are highest near the adsorbate sites.
* Largest errors occur when atoms are transmuted at these sites.?

* Predicted 32 reaction pathways from one NEB calculation.
* Activation energies agree within 0.3 eV versus DFT.
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ldentifying Shortcomings with APDFT 1

Correcting APDFT with Machine Learning !
ML Workflow [1]
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Feature Vector Construction: Record
dopant fingerprints, AZ, N. adsorbate
type, 0, and dopant in an array

Adsorbates on Pt alloys: Alloy variations:
*CH,, NH , OH, (x =0-3) * # of transmutationsN; =1, 2, 3, or 4

*Coverage0=1,1/4,1/9 * Nuclear charge change AZ =1, 2, or 3
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APDFT errors sorted by Ny, AL, and © ML-corrected APDFT BE prediction:
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APDFT errors by adsorbate type
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