






component is due to the quenched population in the BT form. Excitation of 13 at 450 nm, 
on the other hand, does not produce a significant population of BT. The fluorescence 
decay at 650 nm with 450 nm excitation was fitted to 13 ns (100 %) with χ2 = 1.07. This 
confirms that the porphyrin first excited singlet state is not quenched by DHI. 

Triad 4, which features a porphyrin and two BPEA antenna moieties, was excited 
at 400 nm and fluorescence was monitored at 650 nm. The fluorescence decayed as a 
single exponential with τ = 11.5 ns (95%, χ2 = 1.18). This is close to the lifetime of 
porphyrin models, and demonstrates that the excited state lifetime of the porphyrin is not 
significantly quenched by attachment of the BPEA antennas. The time resolution of the 
instrument did not permit measurement of the BPEA excited state lifetime due to very 
fast energy transfer to the porphyrin (vide infra). 

Tetrad 6, in which the porphyrin bears two BPEA units and the photochrome, 
gave results similar to dyad 13 when excited at 450 nm to preserve the photochrome in 
the closed, DHI form. The fluorescence decay at 650 nm was 11.4 ns (100 %) with χ2 = 
1.15. Excitation of 6 at 400 nm, while periodically irradiating with 366 nm light, gave a 
fluorescence decay that was fitted (χ2 = 1.04) with two components of 11.3 ns (54 %) and 
31 ps (45%). As with 13, the longer component is ascribed to the population of 6 in 
which the DHI is in the closed form, while the short component is the fraction of the 
population with the quenching BT form of the photochrome. 

The excited state lifetime of pentad 1 was measured while exciting at 460 nm, 
preserving the molecule in the thermally stable DHI form and exciting primarily the 
BPEA antenna. The decay at 650 nm was fitted with two components of 2.1 ns (86 %) 
and 10.1 ns (14 %) with χ2 = 1.08. The predominate component is due to quenching of 
the excited state of the porphyrin by electron transfer to the fullerene, and closely 
matches the lifetimes seen in other studies.23 The minor component is ascribed to free 
base porphyrin impurities or decomposition. Excitation at 400 nm with periodic 366 nm 
irradiation gave a fluorescence decay that was fitted (χ2 = 1.20) with three components:  
33 ps (62%), 2.0 ns (32 %), and 8.7 ns (6%). As explained above, the short component is 
the lifetime of the porphyrin excited state in the fraction of molecules containing BT and 
is consistent with that observed for dyad 13 and tetrad 6. The 2.0 ns component is 
ascribed to the porphyrin excited state lifetime in the molecules in which the DHI 
remains in the closed form. The minor long component is due to free base porphyrin 
impurities or decomposition products. 

Examination of the results from time resolved fluorescence spectroscopy allows 
for quantification of the various competing energy and electron transfer processes in 
pentad 1. The rate constant for photoinduced electron transfer to the fullerene, kET, when 
there is no quenching by BT is given by the equation  

 
kET = (1/τs) - kD     (2) 

 
where τs is the measured lifetime of the porphyrin first excited singlet state of 1 in the 
DHI form (2.1 ns), and kD is the rate constant for decay of the excited state when electron 
transfer does not occur. Triad 4, which has an excited state lifetime of 11.4 ns, gives a 
suitable estimate for kD in 1 (kD = 8.8 × 107 s-1). Based on these data, kET is calculated to 
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be 3.9 × 108 s-1. The quantum yield for photoinduced electron transfer is calculated as kET 
× τs or 82 %. 

In the BT form of 1, the photochrome quenches the porphyrin excited singlet 
state, giving an excited state lifetime of only 33 ps. The rate constant for singlet-singlet 
energy transfer, kENT, may be calculated using eq. (3), where τs’ and kD’ are the lifetime of  

 
kENT = (1/τs’) - kD’     (3) 

 
the porphyrin first excited singlet state in the BT form of 1 (33 ps), and kD′ is the 
reciprocal of the lifetime in the absence of energy transfer (2.1 ns), or 4.8 × 108 s-1. These 
data give kENT = 3.0 ×1010

 as the rate of energy transfer from the porphyrin excited singlet 
state to BT. The quantum yield is given by kENT × τs′ or 98 %. The quantum yield of 
photoinduced electron transfer to give the charge-separated state in the BT form of 
pentad 1 can be calculated by kET × τs′ and equals 1 %. 
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Supplementary Figures and Legends 
 
 
 

 
 

Supplementary Figure 1.  Emission spectra of porphyrin – BPEA model compound 4 (•  
•  •  •), pentad 1c (———), and a solution enriched in pentad 1o (−  −  −  −) in 2-
methyltetrahydrofuran. Emission intensities do not reflect relative quantum yields. 
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Supplementary Figure 2. Results of transient absorption measurements on model 
photochrome 22 in the open, BT form. Shown are evolution-associated difference spectra 
(EADS) obtained after global analysis of transient absorption data with excitation at 480 
nm under constant 366 nm irradiation. The inset shows the associated kinetics at 680 nm. 
The first EADS (———) shows the very fast, 0.9 ps decay of the excited state of BT 
(bleaching around 680 nm and induced absorption around 530 nm). The second EADS (−  
−  −  −) has a 3 ps lifetime, and shows a blue-shifted transient absorption. It likely 
corresponds to cooling of a hot ground state. 
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Supplementary Figure 3. The EADS of model porphyrin-photochrome dyad 13 
(quenched, BT form) obtained after global analysis of transient absorption data with 
excitation at 515 nm and constant 366 nm irradiation. The inset shows kinetics at 490 nm 
(squares) and 680 nm (circles), and fits to these data as described below. The EADS with 
a lifetime of 29 ps (•  •  •  •) shows only features of the porphyrin first excited singlet 
state. The EADS with a time constant of 0.9 ps (———) shows a mixture of porphyrin 
and BT excited states (broad bleaching around 680 nm and induced absorption at 550 nm 
for BT, superimposed on porphyrin induced absorption and characteristic ground state 
bleaching/stimulated emission). It evolves into the EADS with a lifetime of 3.0 ps (−  −  
−  −), which includes characteristic features of the porphyrin excited state and the hot, 
non-relaxed BT ground state. The broad bleaching around 680 nm and induced 
absorption at ~550 nm seen in the 0.9 ps EADS have now shifted to ~620 nm and ~500 
nm, respectively, and new absorption rises at ~750 nm. These features are all 
superimposed on the induced absorption and characteristic ground state 
bleaching/stimulated emission of the porphyrin first excited singlet state. The EADS that 
does not decay on the time scale of this experiment (• — • — • — •) has the features of 
the porphyrin first excited singlet state, and is ascribed to some material in which the 
photochrome is in the DHI form. Overall, these results are consistent with energy transfer 
from the porphyrin first excited singlet state to BT with a time constant of 29 ps, 
followed by decay of the BT excited state with a lifetime of 0.9 ps. The kinetics are 
inverted because the lifetime of the final, BT excited state is shorter than the time 
constant for the energy transfer process. Because of the relatively low signal to noise 
ratio obtained, a four-exponential fit was not sufficiently constrained to give 
unambiguous fitting results. Therefore, the 0.9 and 3.0 ps lifetimes were constrained 
during the fit, based on the time constants for these processes obtained from model 
compound 22 (Fig. 2). The 29 ps time constant obtained from the fit agrees very well 
with the results of the time resolved fluorescence studies. 
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Supplementary Figure 4. This figure shows the results of transient absorption 
spectroscopy on the ns time scale for pentad 1 in the non-quenched, DHI form. The 
circles are the transient absorption kinetics at 1000 nm (fullerene radical anion) with 
excitation at 480 nm. The solid line is a two-exponential fit (14 ns and non-decaying on 
this time scale). The 14-ns decay is the decay of the porphyrin-fullerene charge-separated 
state. The non-decaying component is due to porphyrin triplet state formed by normal 
intersystem crossing, and perhaps to charge recombination. The inset shows spectra at 10 
ns (circles) and 2 µs (diamonds). The absorption maximum around 1000 nm is due to the 
fullerene radical anion in the charge-separated state. 
 

 
 
Supplementary Figure 5. Porphyrin fluorescence emission intensity at 650 nm (arbitrary 
units, λex = 480 nm) and quantum yield of charge separation (calculated using relative 
emission intensities) for pentad 1 as function of time during thermal isomerization of BT 
to DHI. Prompt decreases in quantum yield correspond to 15 s of illumination with white 
light. The time constant for thermal isomerization is 37 s at 25 °C. 
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