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Introduction

Highly active sites tend to be unstable, while stable structures often lack sufficient activity. To bridge this gap, we develop three synergistic catalytic strategies for net-zero hydrogen and renewable carbon cycling:

► Spin regulation via ferromagnetic graphene

Spin-polarised HER energetics and kinetics

►Multi-site catalysis for chemical hydrogen release

Cooperative Pt single atom–Ni cluster pathways

I · Spin-Regulated HER Catalysis (Ferromagnetic graphene modulates hydrogen adsorption)

提取出来是这些：

* Random Forest
* Support Vector Machine

* Gradient Boosting Decision Tree
* Multilayer Perceptron

* Kernel Ridge
* Gaussian Process

* K-Nearest Neighbor
* Least Absolute Shrinkage and Selection Operator

* Ridge
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The ferromagnetism of Hydrogenated Graphene 
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HG weakens the electron-rich state of S & optimizes 

hydrogen adsorption energy of MoS2 during HER 

DFT: Hydrogen adsorption energy 
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Theory guidance for HER catalysts design
Preparation of MoS2/HG 

Structural stabilityDurability & stability 

Activity Kinetics Interface reactions

II · Multi-site Catalysis for Ammonia Borane Dehydrogenation (Pt single atom–Ni cluster interfaces)
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* Random Forest
* Support Vector Machine

* Gradient Boosting Decision Tree
* Multilayer Perceptron

* Kernel Ridge
* Gaussian Process

* K-Nearest Neighbor
* Least Absolute Shrinkage and Selection Operator

* Ridge

Ammonia borane 

dehydrogenation reaction 

(0.05 mol L−1 AB, 20 mg of 
catalysts, 25 °C) 

Activity and durability evaluation
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PtSANiC/CNT

Atomically engineered platinum single 

atom-nickel cluster synergistic interfaces 
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* K-Nearest Neighbor
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Schematic presentation of Pt-Ni interactions. Hydrolytic dehydrogenation 

process over the representative 

PtSANiC/CNT catalyst.

H2 evolution activity and durability 

over the representative PtSA/CNT and 

PtSANiC/CNT catalysts 
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