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Metal Complexes With Multiple Open Shells:  

A Challenge For Quantum Chemistry 

An accurate description of transition metal complexes with multiple transition metals or 

redox-active ligands poses a formidable challenge to quantum chemical methods. Charge-

relocalized states might be readily accessible and other subtle phenomena such as exchange 

coupling of local spins influence the spectroscopic and chemical properties. In the language 

of quantum chemistry aforementioned aspects of electronic complexity in transition metal 

compounds translate to the presence of static (or strong) and dynamic correlation effects. 

Modern wavefunction-based multireference (MR) methods, as they are implemented in our 

HUMMR program [1] and in multiple other programs, provide a formally correct and 

systematically improvable approach to deal with this problem.[2] 

Figure 1. Two interconvertible, high-valent Co-oxygen TAML species with distinct spectroscopic and 

chemical properties. 

After an introductory discussion of the conceptual and technical difficulties, two 

computational studies of transition metal complexes with multiple open shells using MR 

methods are presented. The first example concerns two interconvertible, high-valent Co-



 

 

oxygen TAML intermediates, 1 and 2, that have been characterized by multiple spectroscopic 

techniques including X-band EPR, ENDOR, XAS/EXAFS, and MCD.[2] Interestingly, a 

consistent interpretation of the spectroscopic results was only able with the aid of MR 

electronic structure methods. In the second example, MR methods are used to predict the 

unusual electronic distribution in the [Mn2O3]+ ion in the gas-phase. The obtained results are 

in line with results from soft X-ray absorption spectroscopy whereas most DFT functionals 

fail to provide results that agree with the experimental findings.[3]  
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Can the upper polariton be used to enhance photoreactivity? 

 


