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The development of many essential industrial technologies requires a comprehensive grasp of 

the electronic ground and valence states of molecular M–C bonding interactions. Recent 

advances have shown that the 1s to np transition intensities measured by ligand K-edge X-ray 

absorption spectroscopy (XAS) directly relate to coefficients of orbital mixing. However, it has 

been difficult to obtain quantitative intensity information at the K-edge for carbon. Fortunately, 

recent upgrades at synchrotron facilities, advancements in beamline instrumentation, and sample 

preparation methods suggest that these insights are now within reach. Efforts with Group IV 

metallocene dichlorides, (C5H5)2MCl2 (M = Ti, Zr, Hf), show that C 2p orbital mixing is 

enhanced for the diffuse Hf (5d) and Zr (4d) atomic orbitals in relation to the more contracted Ti 

(3d) orbitals. Furthermore, the results provide insight into how changes in orbital mixing within 

the metallocene wedge are correlated with periodic trends in covalent bonding between the metal 

and the C5H5
1- ancillary ligands. Carbon K-edge XAS and DFT of the actinocenes, (C8H8)2An 

(An = Th, U), showed that the 5f orbitals engage in significant -type mixing with the C8H8
2- 

ligands, which increased as the 5f orbitals dropped in energy on moving from Th4+ to U4+. 

Experimental evidence for an unusual -orbital mixing interaction in (C8H8)2Th will also be 

discussed. 


