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Metal-organic super container (MOSC) 

molecules1 are ideal candidates for photocatalysis 

due to their construction with transition metal 

centers and tunable cavity sizes that could house 

catalytic sites. The basic electronic structure for a 

model of extremely large size (more than 2,000 

ions) is explored by single point calculation using 

unrestricted density functional theory (DFT), and 

Perdue Burke Ernzerhof (PBE) in Vienna Ab-

initio Simulation Package (VASP) software. The 

information obtained through these calculations 

(such as density of states, absorbance spectra, and 

charge density) will allow for analysis of a 

MOSC’s catalytic ability. Prediction of photo-

excitation dynamics is possible through time-

dependent theoretical methodology, where non-

adiabatic coupling allows to follow charge transfer and recombination in photo-catalytic MOSC 

materials.2 

Electronic characteristics of the nanostructures (MOSCs and their building blocks) in the 

ground and photoexcited electronic configurations are examined. We explore if the presence of 

transition metal ions with open shells in such close proximity to one another may result in high 

spin configurations and show any arrangement into ferromagnetic ordering. Spin-unrestricted 

computation was applied to evaluate how optical properties could be affected by d-d transitions. 

The comparison of the density of states and absorbance spectra for the synthetic precursors vs 

MOSC in indicate that the MOSC is not simply the sum of the parts. Analysis of Kohn-Sham 

orbitals of interest provides insight into charge transfer mechanisms, which were found to 

contribute to multiple low-energy charge transfer states to the electronic structure. 
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Figure 1. Black (carbon), yellow (sulfur), red 

(oxygen), blue (cobalt), white (hydrogen). 


