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Fig. 1 (Color online) (top) PS II monomer structure showing the
location of the reaction center pigments, Pgg,, pheophytins
(Pheo), the donor OEC, and acceptor side Fe and quinones
Q, and Qp*¥. (bottom left) The Kok cycle with the S-state
intermediates, proposed oxidation states, and kinetics. The
inset shows the proposed structure of the S; state of the
Mn,CaO:s cluster from EXAFS, EPR, and theoretical studies
based on the XRD structure.
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Fig. 2 (Color online) Mn and Sr EXAFS spectral changes of Sr-
substituted PSII (Mn,SrOs)?. For Mn EXAFS, 2.5<k(/A)
<11.5 was used for Fourier Transform (k3-weighted). For
Sr EXAFS, 2<k(/A) <13.5 was used.
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Fig. 3 (Color online) Single crystal XAS setup at Stanford Syn-
chrotron Radiation Lightsource, BL 9-3.
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Fig. 6 (a) Logarithmic plot of the MnO Kp spectrum. The O-Mn cross-over KB” transition is highlighted. (b) Energy
diagram of Mn K§ transitions in MnO. The KB" and K, s transitions are from valence molecular orbitals; KB” is
the O 2s to Mn 1s ‘cross-over’ transition. (¢) The KB” emission spectra from a series of multinuclear Mn complex-
es with oxo-bridging groups, a MnV-oxo complex and PS II in the S; state. The crossover peak from the O ligand
is prominent when short bridging Mn—O distances are present!?.
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Fig. 7 (Color online) (Top) The setup for the simultaneous XRD/XES experiment at LCLS (Linac Coherent Light
Source, Stanford). The injector delivers the crystals/solutions to the interaction region of the optical laser pump and X-
ray laser probe. The XRD detector is downstream, and the XES spectrometer and position sensitive detector (PSD) at 90
degrees to the X-ray beam. The inset (top right) is the energy-dispersive XES spectrometer with 16 analyzer crystals®.
Bottom panels (left) show the energy level diagram for Ko emission lines, (right) shows the energy dispersive scheme for
collecting the entire spectrum in a shot-by-shot mode on the PSD.
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Abstract Oxygen, that supports all aerobic life, is abundant in the atmosphere because of its constant
regeneration by photosynthetic water oxidation, which is catalyzed by a Mn,CaOs cluster in Pho-
tosystem Il (PS 1), a multi subunit membrane protein complex. The structure of PS Il and the cata-
lytic intermediate states have been studied intensively over the past several years and various X-
ray spectroscopy techniques have provided useful information about the structure and electronic
structure of the Mn;CaOs cluster. This topic describes a brief review of the various X-ray spec-
troscopic techniques that are critical for understanding of the Mn,CaOjs cluster, and also mentions
future direction using X-ray Free Electron Laser facilities that can be used for following the reac-
tion in real time at room temperature using crystallography and X-ray spectroscopy.
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