SCIENCE ADVANCES

electrochemical oxidation potentials for TIPS-FL) @nd [FgO,4] (589, CT and T, are strongly coupled resonantly. When we directly excite the
respectively, based on the reference value of the Ag/AgCl electroche@itaitate in [FgO,4]-Pc or [FeO,-BPO at m = 1.65 eV (Fig. 6A), we
potential at 4.4 eV below vacuum energy) (9. Also shown are the observe in each case a TA spectrum characteristic of #tat€ in pen-
estimated IPs of;&nd T; states from the excitation energies of TIPS-P@cene, including an ESA peak a4V and a ground-state bleaching
The use of IPs and EAs of both ground and excited states allows ustth.88 and 2.05 eV (see fig. S1 for complete TA data fgDJFEC).
accurately put all relevant energydis on the same single-particle diaAlthough we observe small diféerces in the TA spectra for [§&]-Pc
gram, as discussed in detail by Zhu)(6bte that the energy levels ob-(green) and [F¢D,4]-BPO (red), they all match their, Bpectra obtained
tained from electrochemistry are adiabatic single-particle energies byndensitization very well. For clarity, here, we only present the T
can be used to approximate the veft&agle-particle energies, that isspectrum of [Fg04]-BPO (gray); see the Supplementary Materials for
highest occupied molecular orbital and lowest unoccupied molecularby-spectra of the other molecules. Note that neither the isolated
bital, when the reorganization energies are negligifleGiven this ap- [F&O,4] nor the uncoupled pentacene molecules absorb light below
proximate energy level diagram, we expect efficient electron transfer fraltv'5 eV. Excitation of isolated Be®)] at higher photon energies
either the T or the S in pentacene to the [g@,4] cluster. Figure 1C com- results in completely different TAsgtra (fig. S2). The ultrafast forma-
pares the optical absorption spectra of the(lzgcluster (black) and tion of T, within experimental time redation (~100 fs) from the selec-
those of compounds [E®4]-Pc (red) and [FgO4-BPO (blue). The ab- tive excitation of CT indicates thdtet cluster and pentacene ligands are
sorption spectra of both [E8,4]-Pc and [FgO4-BPO primarily arise strongly electronically coupled. Supporting this conclusion, we found in
from the sum of the absorption spectra of{Bg and that of pentacene a triplet sensitization experiment that the observahlsignal from
or bipentacene. An additional broad feature below 1.75 could contaijifresO,4]-Pc is an order of magnitude lower than that from TIPS- PcU
CT state from the Pc-PhO-ligand or the BPO-PhO-ligand to thedije  (fig. S3). E
cluster, in addition to the more local LMCT transitids0y. The coupled T-CT state features first-order decay kinetics well dez
The energy level alignment in Fig. 1A suggests that, in additionstribed by single-exponential deségolid curves in Fig. 6B), with time
direct photoexcitation of the CT state, electron transfer can occur frawmnstants of .11 = 28 + 3 ps and 16 + 2 ps for [§&4]-BPO and
T, in pentacene to [@,] to indirectly form the CT state. We find that [FesO4]-Pc, respectively. The simple first-order kinetics is reflected i
both the decay in Flike ESA signal (red dots) and the recovery ins
ground-state bleaching (blue dots) for §6g]-BPO in Fig. 6B. The S
T,-CT decay constant is five orders of magnitude shorter than that gf
an individual T; state in pentacene or bipentacene molecdles Be- 5
cause no fluorescence emission is observed for any of the clustgr-
pentacene complexes, we assign the fast decay in-OF $tate to  §
nonradiative recombination. Both CT across the pentacene-clustgr
interface and the presence of paesgnetic Fe atoms can couple to eIec«pjD
tron spins, thus facilitating recombinatiof().
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Fig. 6. TA reveals the strong coupling of CT state to T1. (A) TAspectraat1 psfor Fig. 7. TA spectra and dynamics of [FeO,]-BP0O under 2.1 eV excitation. (A) 2D
[FesO4)-Pc (green) and [R#,]-BPO (red) upon CT excitation of 1.65 eV. The gray curve ipseudocolor plot of TA (= DT/T, T, transmission) as a function of pump-probe delay
the triplet spectrum of [FgO,]-BPO from triplet sensitizationB) Triplet decay dynamics (Dt) and probe photon energy.B) TA spectra abt = 0 ps (red), 10 ps (blue), and 100 ps
for [FesO4]-Pc (green) and [FgD,4]-BPO (red and blue for ESA and ground-state (green), along with T spectrum from sensitization (gray)Cf Singlet fission dynamics,
bleaching, respectively). The solid curves are single-exponential fits with the indicatedis represented by Sdecay at 2.07 eV (red) d(TT) buildup at 2.36 eV (blue D Com-
lifetimes ¢ = 16 + 2 ps for [FgO4)-Pc and 28 + 3 ps for [R#D,]-BPO). parison of (TT) decay dynamics for [§8,]-BP0 and BPO.
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