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ABSTRACT
Bimetallic gold complexes have drawn attention in recent years by distinguishing themselves through their specific photophysical and photochemical properties. Their applications vary from areas such as homogeneous catalysis1, materials science and energy-efficient optoelectronics to fluorescent markers, bioimaging and chemical sensing2.
Despite the extensive studies of the ground state of gold dimers, the structures of the singlet (S1) and triplet (T1) excited states have not yet been sufficiently understood3.


     Here, we investigate the photoinduced dynamics of the dinuclear gold(I) complex [Au2(dcpm)2](PF6)2 in acetonitrile using time-resolved X-ray absorption spectroscopy and X-ray solution scattering. Femtosecond measurements at the Au L3-edge, including Total Fluorescence Yield X-ray Absorption Spectroscopy and High-Energy Resolution Fluorescence Detection at the European XFEL FXE instrument, were deployed to observe transient changes in the electronic and local coordination environment of the Au centers. 
The local structural information obtained by X-ray absorption spectroscopy is complemented by time-resolved X-ray solution scattering (TR-XSS) measurements performed at the ESRF ID09 beamline. The results have been analyzed using structural models based on ORCA geometry optimizations and Debye scattering calculations. Candidate excited-state geometries with varied Au-Au distances are compared with the experimental scattering response to evaluate the sensitivity of the transient signal to  changes in aurophilic interactions. Moreover, the photoinduced solvent contributions are independently characterized using a dye reference in acetonitrile. 

These techniques provide valuable insight into the evolution of aurophilic interaction after photoexcitation and insights into the transient electronic and structural changes.
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