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ABSTRACT 

The solar water-splitting protein complex, photosystem II (PSII), catalyzes one of the 

most energetically demanding reactions in Nature by using light energy to drive the 

catalytic oxidation of water. The four-electron water oxidation reaction occurs at the 

tetranuclear manganese-calcium-oxo (Mn4Ca-oxo) cluster that is present in the oxygen-

evolving complex (OEC) of PSII. The mechanism of light-driven water oxidation has 

been a subject of intense interest and the OEC of PSII has been studied extensively by 

structural methods. (1) It is suggested that the binding and activation of the substrate 

water molecules at the Mn4Ca-oxo cluster in the OEC of PSII are facilitated by key 

amino acid residues that could be ligated to the catalytic cluster. In our studies, we 

demonstrate the application of two-dimensional (2D) hyperfine sublevel correlation 

spectroscopy (HYSCORE) to determine the location of the substrate water molecules and 

surrounding amino acid residues in the S2 photochemical intermediate of PSII. We also 

demonstrate the use of two biomimetic dimanganese model complexes, 

[H2O(terpy)Mn
III

(μ-O)2Mn
IV

(terpy)OH2](NO3)3 (terpy = 2,2’:6’,2’’- terpyridine) and 

[(bipy)2Mn
III

(μ-O)2Mn
IV

(bipy)2](ClO4)3 (bipy = 2,2’-bipyridine) to model the magnetic 

interactions of the manganese ions of the OEC of PSII. (2) Proton-coupled electron 

transfer (PCET) reactions, which are exquisitely tuned by smart protein matrix effects, 

are central to this water-splitting chemistry. PSII contains two symmetrically placed 

tyrosine residues, YD and YZ, one on each subunit of the heterodimeric core. We use 

pulsed D-band electron-nuclear double resonance (ENDOR) spectroscopy to provide 

‘snapshots’ of functional PCET intermediates of the YD residue. (3) In PSII, the primary 

electron-transfer chain includes the primary and secondary quinone electron acceptors, 

QA and QB, respectively. It is thought that the geometry of its binding site and 'smart' 

matrix effects from the surrounding protein environment greatly influence the functional 

properties of quinones. We demonstrate the use of 2D HYSCORE spectroscopy to 

investigate the tuning and control of electron-transfer reactions at QA of PSII. We also 

conduct a systematic study of differential pulse voltammetry, HYSCORE and high 

frequency electron paramagnetic resonance (EPR) spectroscopy study of an extensive 

library of model benzosemiquinone anion radicals in aprotic and protic solvents. 

 


