Electrochemical and Spectroscopic Signatures of the Jahn–Teller Effect in Platinum-Monodoped Au24Pt(SR)18 Clusters

Konstanty Zdunek, Tatiana Korona, Agnieszka Więckowska
Faculty of Chemistry, University of Warsaw
Pasteura 1 St., 02-093 Warsaw, Poland
k.zdunek10@uw.edu.pl

Thiolate-protected gold clusters Au25​(SR)18 (Au25) can undergo heterometal doping, including platinum incorporation, yielding new electrocatalytic materials with distinguishable properties. In contrast to the Au25 form, the Au24Pt(SR)18 (Au25Pt) cluster (maintaining the 0 charge) exhibits an enhanced Jahn–Teller effect, manifested by the elongation and contraction of selected Au–Pt bonds within the cluster core. Using density functional theory, we describe the structure of this system by analogy to classical distortions in octahedral geometries and rationalize the observed splitting of the superatomic 1P orbitals within a group-theoretical framework.

The stronger Jahn–Teller distortion in the Pt-doped cluster contributes to the increased thermodynamic stability of the Au24Pt0 form relative to the all-gold clusters Au25− and Au250 within the same thiolate environment, which is reflected in its higher oxidation potential. The oxidation and reduction processes of Au25 at low (absolute) charge states are expected to follow Nernstian behavior; however, we demonstrate that the Au253+ form is unstable, with a lifetime not exceeding several seconds. Clusters protected by longer-chain alkanethiols (e.g., hexanethiol versus butanethiol) exhibit enhanced stability, and the use of longer ligands favors the formation of Au24Pt species over Au25 in the reaction mixture.

Analysis of both experimental and simulated IR spectral shifts indicates a preference for gauche conformations in Au24Pt0 clusters relative to all-trans configurations, enabling partial exposure of selected atoms within the ligand shell. This structural rearrangement gives rise to distinct catalytic properties compared to Au25, with enhanced reactivity toward electrophilic substrates such as H+ ions and hydrogen peroxide molecules.
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