XXXVI IUPAP Conference on Computational Physics - CCP2025

Virtual only conference, Oak Ridge, Tennessee

November 03 -0/, 2025

”
<D

Regression models of H-Pt(100) adsorption energy: from DFT to neural network
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INTRODUCTION

* Face-centered cubic (FCC) platinum crystal exhibits superior catalytic
performance, particularly with its (100) surface facet. [1].

e Stable adsorption sites for hydrogen on Pt(100) were determined at
bridge (B) and top (T) sites [2].

* Pt(100) surface is highly symmetric, so the Pt(100)-H system can be
treated as an Ising-like model.

=» How to quickly calculate the energy of each configuration as
accurately as possible?

Figure 1. Hydrogen adsorption sites mapping on a
symmetric Pt(100) surface [2].
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METHOD

1) DFT data generation Density functional theory
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= Exchange-correlation functional: GGA-PBE.
> = Basis set: DZP.

= k-point grids: (3x3x1) MP.

= Maximum force tolerance: 0.02 eV/A.
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= Ny X Eqq5(1) + Ejpy
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» £, (Ny) is the total energy of the SiC surface model adsorbing Ny hydrogen atoms.
= £...(0) is the energy of the system without any adsorbed hydrogen atoms.

- EHz Is the energy of a hydrogen molecule. = Maximum displacement step: 0.02 A.

= [, represents the interaction energy. J - 80 hydrogen adsorption configurations considered.
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Figure 2. The scatter plots of the interaction energies from DFT data via the H-H pair- _
type number of: a) b1a, b) b13, c) b12,d) b19b, ) b19, f) b1band g) bda. o3 20 70 P ) 20 100 350 ”m
bda

RESULTS

Table 1. The comparison between linear regression models (MO, M1,

» The interaction energy can be described as a simple M2), XGboost, cluster expansion prediction.
function of regard hydrogen configuration Model Adjusted AIC Mean absolute Standard deviation of
R? error the absolute errors
» Multiple linear regression (MLR) M2 has the most MLRMO  0.994 6553 0.2429 0.3169
accurate prediction. MLR M1 0.999 -75.00 0.1601 0.3231
» M2 and CE can capture the sudden increment in E;,; of MLRM2 ~ 0.999 -72.86 0.1329 0.1738
XGBoost - - 0.1804 0.3359
Pt(100)-H when H:Pt exceeds a 1:1 ratio.
CE 0.983 - - -
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