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The transformation of light into the chemical energy that drives the 
fixation of C02 and the evolution of 02 in green plant photosynthesis is 
mediated by two photosy stems (PSI qnd PS II). The initial photoreac-
tions~· both photosys ~ems consist of the absorption of light by chloro-
phyll 1 a) and the subsequent formation of chlorophyll n-cation 
rad~ y photoej e c tion of _ electrons to nearby acceptors (2) • 

• ~ider here the iden tity and chemical nature of the primary donor 
cceptor of PS II. These s pecies a~e of prime conc e rn t o biomime tic 

so ar energy conversion because the pr i mary photosynthetic reaction pro­
duces a strong oxidant capable of driving 02 evolution, and because the 
electronic configurations of the donor and acceptor must influence the 
efficient forward electron transfer from the donor while inhibiting 
wasteful back reactions of the photoproduced cation and anion radicals. 

Primary Donor of PS II 

The primary Chl a donors of PS I and PS II (P700 and P680 respectively) 
exhibit un ique and puzzling differences. P700, which has been demon­
strated (3) to cons ist of two Chl molecules, absorbs at ~ 700 nm; 20 nm 
to the red of P680. Photoox idation of P700 results in the formation of 
a weak ox idant (Em~ 0.5 v vs NHE), w·h i le ox idation of P680 occurs at 
> 0.8 v and produces an oxidant capable of driving the oxidation of 
H20 (2). By analqgy with P700, P680 was thought to b e an aggregated 
form of Chl a (4). However, our in vitro studies of monomeric Chl a 
indicate that changes in the solva tion sphere of the monomer can suffi­
ciently alter its physical properties so that the latter approach those 
observed for P680. The ox idation potential for Chl+a in tetrahydro­
furan (THF) is + 0.9 v (vs NHE) and, although Chl a in THF exhibits a 
narrowed electron spin resonance (esr) linewidth (normally assigned to 
a dimer), the ele~tron nu~lear doub~e.resonance <:NDOR) .spectrum is 
that of a monomer1c Chl a • In add1t1on, the opt1cal u1££erence spec­
trum reported for the oxidation of P680 resembles that of monomeric Chl 

~ . 
a (5). These data suggest therefore that P680 may simply be a ligated 
Chl a monomer whose function in the phototrap is determine d by inter­
actions with its i mmediate envi~onment, probably prot e in residues. 

Primary Acceptor of PS I I 

Short lived transients have recently been implicated as mediators in 
the light-induced charge separation of photosystems I and II (2). In 
PS II, the 1.82 ev of incident *ight (680 nm) is thus converted to ~ 
strong monomeric ox idant, P680 , (Em~+ 0.8 v) and a reductant, I , 
with a midpoint potential of -0.6 v (6). By analogy with bacterial 
photosynthesis (7), this initial acceptor was postulated to be pheo­
phytin (Pheo) (8). The magnetic characte ristics (esr linewidths, g 
value and saturation properties, as well as ENDOR transitions) of I-
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are in fact analogous to those of monomeric Pheo in vitro (8). Fur­
thermore, the optical changes observed on reduction of I as well as the 
midpoint potential for the reduction; mirror those of Pheo and further 
support the conclusion that Pheo is the most likely candidate for the 
primary electron acceptor in PS II. 

It is enticing to speculate that the interposition of a chlorophyll­
like molecule between the chlorophyll donor and subsequent acc.eptors in 
the electron transport chain, favor~ the forward reaction because of the 
very similar electronic configurations of donor and acceptor, while it· 
inhibits the back reaction because of the very different electronic ·pro­
files of the resulting cation and anion. 

Biomimetic Model for 02 Evolution 

We have proposed above that the initial elegtron tr~nsfer r~action in . 
PS II is; "Pfi80 (ligated Chl monomer) + Pheo ~ P680 + Pheo • Addition­
al support for this model derives from picosecond results for a synthet­
ic diporphyrin in which a magnesium and a free base porphyrin are co-
valently linked by two five membered bEidges (Mg-H25) and separated by 
"' 4 A. · In CH

2
c12 , containing 0.1 H Cl to lig~te the magnesium, a 

charge transfer state is formed from the excited singlet state in less 
than 6 psec, and it decays to the ground state in 620 ps (9). These 
results establish that a dimeric donor is not obligatory-for rapid and 
efficient charge separation, and demonstrate that .photo-induced charge 
separation can occur in a synthetic system with kinetic and thermo­
dynamic energy efficiencies that approach those of photosynthetic 
organisms. 
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