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Table 1 Summary of machine learning application cases for PGM-HEAs adsorption energy prediction

HEA System Adsorbate ML Strategy Model Dataset Size Accuracy
[rPdPtRhRu>! OER O Linear Regression (LR) e e RMSE: 0.063 - 0.076 eV
Geometric Features calculations
Direct Prediction from  Gradient Boosting Regression L
[26] 5
IrPtRuRhAgFe¢ OH Geometric Features (GBR) 360 reactive sites RMSE: 0.098eV
Direct Prediction from  Gaussian Process Regression 503~1000 DFT
251 . »
Al oL Geometric Features (GPR) calculations MAE: 0.05~0.08¢V
OH, CHx Direct Prediction from ~25000 DFT
[27] > > . .
AgAuCuPdPt NHx, SHx Geometric Features Deep Neural Network (DNN) calculations MAE: 0.08~0.1 eV
Direct Prediction via Gated Graph Neural Network
(28] : -
AglrPdPtRu OH, O Graph Neural Network (GNN) 5,000 snapshots MAE: 0.058 - 0.096 eV
NiCoFePdPt?%, OOH, O, ML Potential-Guided Atomic Graph Attention > 480,000 DFT MAE: 0.10-0.11 eV
RuRhPdIrPt OH Relaxation Modeling Network (AGAT) snapshots e 4

R MAE 2R T 480 %, RMSE R 77 i 2
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Fig.1 Structural design strategy of PGM-HEAs. (a) Monte Carlo and molecular dynamics iterative induction of short-range ordering enhances the

strength and ductility of CoCuFeNiPd®%; (b) A Pt/CrMnFeCoNi nanoparticle catalyst with a pseudocore-shell structure®'J;(c) Soft template-

assisted electrodeposition in the preparation of PtPdRhRuCu mesoporous films?)
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Fig.2 Low temperature (93K) deformation features of PdCoCrFeNi
HEA®!, (a) nano-twins formed near grain boundaries; (b)motion
of full dislocations on twin boundaries in CrFeCoNiPd; (c)

extensive cross-slip processes in CrFeCoNiPd with individual
cross-slip event marked by blue arrows; (d)activation of multiple
slip systems at a grain boundary; (e)a high density of nano-twins
is formed in the adjoining grains
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Fig.5 (a) The change in magnetic entropy as a function of temperature with DH= 50 kOe for as rolled (left) and annealed (right) PdxCoCrFeNi alloys.

(b) Refrigerant capacity of PdxCoCrFeNi in different conditions

3. PGM-HEAs /K #4431
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Fig.6 Synthesis strategy of high-entropy alloy nanoparticles: (a)schematic illustrations of the FMBP setup and strategy for HEAs nanoparticles
synthesis®; (b) schematic diagram of the synthesis of PGM-HEASs catalyst by ultrasonic-assisted wet chemical method®”; (c)preparation

process of the carbon-thermal shock method, real-time change curve of temperature over time and elemental mapping images of a PGM-HEAs

nanoparticle with eight principal elements (scale bar: 10 nm)®'); (d)schematic diagram of the regulation of HEAs nanoparticles synthesis by

nanodroplet-mediated electrodeposition strategy and the selected electron diffraction rings of the synthesized particles!®?!
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Fig.7 The ORR catalytic performance of nanoporous HEAs: (a and b) ORR polarization curves of all these prepared samples and Pt/C in O2-saturated

0.1M HCIO4 solution; (c¢) Long-term stability of nanoporous PtAICuMnNi catalyst for ORR at 0.7 V vs. RHE; (d and e)Cyclic stability of

PtA1CuMnNi and commercial Pt/C catalysts; (f and g) ORR polarization curves of all these prepared samples and Pt/C in O2-saturated 0.1 M

KOH solution[®*,
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Abstract: High-entropy alloys (HEAs) are a class of multi-principal-element materials comprising five or more major elements in equimolar or
near-equimolar ratios. These alloys exhibit distinctive properties, including high-entropy effects, severe lattice distortion, sluggish diffusion, and
cocktail effects. Platinum-group metal high-entropy alloys (PGM-HEAs), renowned for their exceptional catalytic activity, corrosion resistance, and
multifunctional characteristics, have demonstrated significant potential for applications in industrial and high-tech sectors such as catalysis and
energy conversion. Consequently, PGM-HEAs have emerged as a pivotal subfield of HEA research. This article comprehensively reviews the design
strategies, synthesis methodologies, and recent advancements in PGM-HEA applications, while also outlining future research directions and
challenges.
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