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Atomically precise gold nanoclusters such as Au₂₅(SR)₁₈ represent ideal model catalysts due to their 

well-defined atomic structure, discrete electronic states, and tunable ligand environments. However, 

exploiting these unique molecular properties in heterogeneous catalysis remains challenging because 

strong support interactions can induce ligand migration, structural distortion, or even cluster 

fragmentation. 

We investigate the integration of thiolate-protected Au₂₅ nanoclusters with layered double hydroxides 

(LDHs, hydrotalcites) to create hybrid nanomaterials that stabilize clusters while enabling controlled 

activation. Water-soluble Au₂₅ clusters protected by p-mercaptobenzoic acid (p-MBA), cysteine, and 

glutathione were synthesized, purified by native PAGE, and characterized using UV–Vis spectroscopy 

and MALDI-TOF mass spectrometry before incorporation into Mg–Al LDH matrices (Mg:Al = 2:1 and 

3:1) using different intercalation strategies. Powder X-ray diffraction reveals significant increases in 

LDH basal spacing for selected preparations, indicating successful intercalation of Au₂₅ clusters within 

the interlayer galleries rather than simple surface deposition. 

These hybrid materials provide a platform to investigate how confinement and cluster–support 

interactions influence nanocluster stability and activation. Catalytic performance was evaluated in the 

oxidation of benzyl alcohol, while the evolution of the ligand shell and the nanocluster structure under 

different activation pathways was monitored by operando X-ray absorption spectroscopy (XAFS) during 

controlled pretreatment. The LDH confinement can suppress aggregation, stabilize the ligand shell, and 

modify the electronic environment of the clusters, demonstrating a promising strategy for stabilizing 

atomically precise nanoclusters while enabling their activation for heterogeneous catalytic reactions. 
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