Creating a Synthetic Model of
Photosystem IlI’'s Manganese Cluster

An adventure in bioinspired “organometallic” (inorganic) s{ynthesis
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Photosynthesis Background
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A closer look at Photosystem IL...
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B.5 A crystal structure by Ferreira et. Al in 2004 &
helped elucidate structure and function of
Photosystem Il
Kritical in elucidating the oxygen evolving
center (OEC)

Ferreira et al. Science 2004



The electron transfer reaction and the role of the
catalytic manganese containing OEC
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Ferreira et al. Science 2004

Aroposed S Cycle of the OEC
Avin cycles through oxidation states based
on energy absorbed from photons
Aat highest oxidation state (S4) water is
oxidized to 02

Klectrons are transferred from PD1 to QA
Ahe OEC re-reduces PD1 after electron
transfer process occurs
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The CaMnO cubane cluster

Aide chains of protein
likely coordinate to Mn
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Cluster Chemistry

A What is a “cluster”?
I Organometallics
A complex with M-M bonds Mn*4
I Bioinorganic / coordination chemistry

A Any multi metal unit with metals
connected by bridging ligands

A Properties of clusters
I High surface area

A How do we electron count a
bioinorganic cluster?




Goals of our Paper

A Synthesize a model of the
OEC containing calcium

A Characterize the complex and
compare to that in
photosystem Il



Synthesizing the Model: The Scheme Mero\ o e
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Nonodentate 1,3,5-triarylbenzene spacer mimics protein
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E.Y. Tsui, M.W. Day, T. Agapie, Angew. Chem.
Commun. 50, 1668 (2011).
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Synthesizing CaMn cluster




Mechanism of heterometallic cubane formation
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Success! We created a model comparable to that
from PS 1l without the dangler Mn
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Oxidation State: Crystallography



Cyclic Voltammetry: Background

A Method to measure potential of a half reaction

I “Sweep” the working electrons potential at a specific rate to plot
resulting current vs. time

Function Generator Cyelic voltammogram

I Reverse sweep at switching potential

e
I convert time to potential /\ _:_{ a
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Couple Here= L Ee | | l I I Electrolyte
complex prefers to 1 G
be oxidized!!!
negative positive Voltage
Couple here=
complex prefers to
be reduced!!!

http://cnx.org/content/m34669/latest/graphics2.jpg



Characterization of clusters by CV

Easier to oxidize |

Acomplex 3 has a more
positive reduction
potential than complex 4

-1.5 -1 -0.5 0 0.5 1
E/V (vs Fc/Fch)

Fig. 3. Cyclic voltammograms of
3 (solid trace, DMA solution) and
4 (dashed trace, DMF solution)

‘5‘“('}:18}51{’3‘") 2?134:'0"0%;‘53{1{35; Quasi-irreversible oxidation at Quasi-irreversible reduction
potential. +290 mV vs. Fc/Fc+ = at -940 mV vs. Fc/Fc+ =
[MnV,Mn",O,]1/[MnV,Mn'O ] [MnV,Mn'"Ca0,]/[Mn"V,0,]

Quasi-irreversible reduction at
-700 mV vs. Fc/Fc+
=[MnVMn",0,1/[Mn",Mn'".0,]



Why is calcium is important?

A Ca?* = redox inactive

A Allows buildup of positive charge on Mn A necessary for efficient O,
production




