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Mechanochemistry has emerged as a powerful, solvent-free approach to activate and drive chemical 

transformations, offering enhanced mass transport and access to nonequilibrium states unattainable 

in solution.1 Integrating this methodology with atomically precise monolayer-protected metal 

nanoclusters (MPCs)2 represents a novel direction for sustainable catalysis—combining molecular-

level control with the mechanochemical environment’s unique activation modes. This work explores 

the synergy between mechanochemistry1 and gold MPC-based catalysis for selective hydrogenation.2 

By systematically tuning ligand-shell chemistry, and cluster size, we aim to establish how molecular 

interactions, hydrophobic/hydrophilic balance, and local mechanical stress govern reactivity and 

durability in the “dry state.” The study further extends to comparing different hydrogen sources as 

transfer hydrogenation vs hydrogenation under molecular H₂ 

Preliminary results indicate that Au₍₂₅₎ nanoclusters protected by 2‑phenylethanethiol exhibit 

enhanced stability compared to p‑mercaptobenzoic acid analogues. Building on these findings, new 

clusters with tailored ligand environments (e.g., 2‑methyl‑1‑butanethiol) are being tested, to confirm 

their stability under mechanochemical conditions and afterwards optimize performance in 

mechanochemical hydrogenation. 

Ultimately, this research establishes a platform that merges atomic precision with mechanical energy 

to uncover unprecedented correlations between nanocluster structure, mechanochemical activation, 

and catalytic function, opening a path toward operando mechanochemical catalysis under controlled 

hydrogenation conditions. 
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