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Photosynthesis is the process by which green plants and photosynthetic bacteria con-
vert sunlight into the high-energy chemicals which are the basis for life. The basic feature of
all photosynthetic organisms is their abilty to absorb sunlight and the subsequently convert
singlet excited state energy to chemical potential [1,2]. Chemical potential in the form of a
long lived (~100 ms) charge separated state is produced in the reaction center (RC) which
spans a lipid bilayer membrane (~30 A)[1,2]. The RCis composed of a protein matrix
which precisely holds an array of chromophores in the proper geometry [1]. The long dis-
tance charge separated state is formed through a series of short-range, rapid electron transfer
(ET) steps starting at the excited state and proceeding down a stepped potential gradient
[1.2].

Covalently linked multicomponent molecules (CLMM) have been designed and syn-
thesized to mimic the long distance ET of the natural photosynthetic RC [5-7,12-16,18].
Current research uses ET theory as a guide to synthesize CLMMs that maximize the lifetime
and quantum yield of charge separation as a means of capturing and storing solar energy.

Wasielewski and co-workers covalently linked a porphyrin (P) donor to a naptho-
quinone (NQ) acceptor through a rigid polycyclic cage. Excitation of the porphyrin to the
singlet excited state was followed by quenching of the singlet state by ET to yield a short
lived (370 ps) charge separated state, (P)*(NQ)™ [3,4]. The lifetime was increased by linking
N,N-dimethylaniline (D) to the porphyrin to act a secondary electron donor (Figure 1a).
Efficient two-step electron transfer resulted in the formation of (D)*(P)(NQ)- with a lifetime
of 2.45 us [5] (Figure 1b). The increase in lifetime was attributed to the longer restricted
distance (~25 A) between the cation and anion than in the dyad (--IOA) [5].
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Figure 1:
(a) Molecular structure of aniline (D) - porphyrin (P) - napthoquinone (NQ) triad [5]
(b) Energetics and kinetics of electron transfer in triad [3-5]

A confomationally less rigid dyad was synthesized by Maruyama and co-workers
that used a zinc porphyrin (ZnP) donor connected to a pyromellitimide (Im) acceptor [10-12].
Transient absorption and emission studies monitored the formation and decay of a _
(ZnP)*(Im)- ion pair (IP) from decay of the ZnP singlet excited state [10]. The choice of sol-
vent proved to be important in controlling the lifetime the IP and quantum yield of the charge
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separation (CS) [6,7]. The rate of IP charge recombination (CR), a relatively exothermic re-
action, decreased with decreasing solvent polarity due to the smaller solvent reorganization
energies [8-10].

A triad was synthesized by connecting a more easily reduced quinone (Q) to the Im -
[10-12]. A (ZnP)*(Im)(Q) ion pair was shown to be thermodynamically and kinetically
accessible by two short ET steps from the decay of the porphyrin singlet excited state [10].
The relatively short lifetime of the triad was attributed to its conformational flexibility [10].
The quantum yield of charge separation to the IP increased (0.75 to ~1) by increasing the CS
rate between the Im and the Q [10]. The higher rate was achieved by increasing the driving
force of the (ZnP)y*(Im)~(Q) —» (ZnP)*(Im)(Q) reaction by chlorinating the quinone[10].

In an attempt to maximize the IP distance and model energy transfer between por-
phyrins a pentad (Figure 2) was synthesized by Gust and co-workers. The pentad undergoes
ET from the porphyrin singlet excited state to form a charge separated state, CPz,P*Q-Q
[15,16]). Competing with CR are additional ET reactions which operate both in series and
parallel to converge on a final IP, C*Pz,PQQ- which was characterized by transient absorp-
tion [15,16], emission [15,16], and EPR [17]. The pentad used light energy to achieve net
electron transfer over ~80 A with a high quantum yield (0.83) and long lifetime (55 ms) [16].
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Figure 2: Molecular structure, block diagram, for a covalently linked molecular pentad [13]

Modeling some of the ET events found in the photosynthetic reaction center is possi-
ble with CLMMs. A long lived IP can be formed by separating the ions with a large re-
stricted distance. The long distance can be spanned with a series of short range and fast ET
reactions with high efficiency. The efficiency of the overall charge separation reaction will
depend on the ability to increase CS rates and decrease CR rates. This requires careful atten-
tion to the distance, orientation, solvent, and electronic coupling between the electron donor
and acceptor.

The ultimate goal of these artificial RCs is to efficiently capture and store solar en-

ergy. By interfacing these systems into an organized assembly the stored oxidizing and re-
ducing potential can be used to drive other chemical reactions [6,7,18].
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