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Supramolecular systems synthesized to model the photosyn­
thetic reaction center (RC) are designed to mimic several key 
properties of the RC protein: ' (1) multistep electron transfer 
(ET) to increase the lifetime of the radical pair (RP) product; 
(2) high quantum yield, fast formation, and slow recombination 
of the singlet-initiated charge separation; (3) temperature 
independent ET rates; and (4) spin polarization of the RP states. 
Thus far, most RC models fulfill only a subset of these criteria, 
with very few reports employing time-resolved electron para­
magnetic resonance spectroscopy (TREPR).2 Moreover, there 
is one key property of the RC primary photochemistry that has 
not been successfully mimicked by any model system until now. 
It is the ability of the RP intermediate within the photosynthetic 
RC to yield, upon charge recombination, a triplet state that 
retains a memory of the RP spin state and exhibits the TREPR 
signal characteristic of this triplet state. We now report TREPR 
results on a photosynthetic model system (1) in a nematic liquid 
crystal (LC) that does not contain the natural pigments, yet 
closely mimics the spin dynamics of triplet state formation found 
only in photosynthetic RCs. The advantages of employing LCs 
are given elsewhere.34 The design of supermolecule 1 follows 
criteria established for promoting high quantum yield charge 
separation in glassy media.5 
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Figure 1. Energy level diagram of all relevant ET and ISC routes. 
The energies were determined in toluene. 
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Figure 2. (a) Direct detection CW-TREPR spectra of the triplet state 
A—B—3*C in a LC, at two orientations of the LC director, L, taken 
700 ns after the laser pulse (420 nm) at 150 K (the same spectra were 
recorded at lower temperatures down to 100 K). The narrow spectrum 
is an expansion of the RP signal, observed in the center of the triplet 
spectra at both orientations. At this temperature, the narrow spectrum 
is due to the primary ET route (Figures 1 and 3). (b) Numerical 
differentiation of the B 1 L spectrum. 

Transient optical absorption spectroscopy carried out on 1 
in toluene determined the nature of the intermediates and the 
rate constants for ET between the electronic states given in the 
energy level diagram in Figure 1. Laser excitation at 295 K 
and 420 nm selectively excites chromophore B. The lowest 
excited singlet state of B accepts an electron from A with r = 
8 ps. A subsequent dark ET step with r = 430 ps forms the 
final RP, ' [A^ + -B-C - ] , with a lifetime of 310 ns. Photoex-
citation of 1 oriented in solid LC results in broad EPR spectra, 
at the two indicated orientations, with additional narrow lines 
superimposed at the center of the spectra (Figure 2). The line 
shapes of the broad spectra clearly suggest that they are due to 
a triplet state.6 

In all model systems reported thus far, triplet states observed 
by EPR are formed via a spin—orbit intersystem crossing (SO-
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Figure 3. TREPR spectra of the spin-polarized RP, A ,+-B-C"", at 
two temperatures in the LC. The spectra are presented as a function of 
the time following the laser pulse (420 nm). Notice the signal phase 
change at 250 K. The ^-factors of the (e,a) and (a,e) spectra are the 
same. 

ISC) mechanism. Another possible mechanism is radical pair 
intersystem crossing (RP-ISC), which forms a triplet upon 
recombination within the RP, and which has been observed by 
TREPR only in bacterial7 and in green plant photosystems I8 

and II.9 These two mechanisms can be differentiated by the 
polarization pattern of the six EPR transitions at the canonical 
orientations. In SO-ISC, the three zero-field levels are selec­
tively populated and this selectivity is carried over to the high-
field energy levels. RP-ISC is also selective, but acts directly 
on the high-field triplet sublevels via singlet—triplet mixing, 
S -T 0 (or S -T±i ) . i a i ' Thus, SO-ISC results in mixed absorp­
tion (a) and emission (e) lines within a particular EPR transition, 
i.e., T, ** T0 (i = ±1), while in RP-ISC a mixed polarization 
pattern is impossible." Inspection of the triplet spectra (Figure 
2) in the B 1 L and B Il L orientations shows that the 
polarization pattern of a,e,e,a,a,e can only be attributed to a RP-
ISC mechanism, as found for RC proteins.7-9 This unique 
triplet state is found to be localized on C, and the triplet EPR 
spectrum of 4 exhibits identical zero-field splitting parameters, 
with polarization pattern of a,a,a,e,e,e, typical of SO-ISC. 

Upon warming of the sample from 100 to 330 K, two 
observations are made. First, the triplet spectra are detectable 
only when the superimposed narrow line spectrum exhibits a 
time independent e,a pattern. This phenomenon occurs in the 
temperature range 100-240 K. Above 240 K the time-evolved 
narrow spectra exhibit phase inversion (Figure 3). The e,a 
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spectrum must be assigned to the singlet-initiated RP, '[A,+— 
B - C - ] , and because the intermediate RP is short-lived (430 
ps), this polarization is due to the correlated RP mechanism.12 

Zeeman and hyperfine induced interactions lead to S-To mixing 
between the two RP states, i.e., 1RP ** 3RP; thus, ' [ A * + - B -
C - ] can decay via two routes (Figure 1). The first involves 
recombination to the ground state (from 1RP), while the second, 
as discussed above, forms the triplet state, A—B—3*C (from 
3RP). This triplet state decays via a solvent-controlled secondary 
ET to repopulate 3RP, or directly to the ground state. The 
existence of the secondary ET reaction, which is triplet initiated 
(3&ET)> is evident from the phase change of the spectra in Figure 
3. The singlet-initiated e,a pattern observed at short times after 
the laser pulse evolves at later times into a triplet-initiated a,e 
pattern. The temperature dependence of the secondary ET is 
consistent with the phase transition temperatures of the LC: 6 

210 K 263 K 333 K 

crystalline ** soft—glass ** nematic ** isotropic 

In the soft-glass regime, the solvent molecular motion is not 
frozen and is sufficient to allow ET to occur.3 Thus, while the 
forward ET reaction seems to be independent of the LC phase 
(solid and fluid), the secondary ET becomes active only in the 
soft-glass and in the fluid nematic phases. The disappearance 
of the triplet spectrum, which occurs with the RP signal phase 
inversion, is probably due to a high quantum yield of the 
secondary (back) reaction, making A—B—3*C short-lived. 

The observation of this triplet state in 1 by TREPR demon­
strates that most of the electronic states found in the primary 
photochemistry of photosynthetic RCs can be mimicked suc­
cessfully in synthetic models interacting with LCs. 
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