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Abstract:

Natural light-harvesting systems in plants rely on precise chromophore posi-
tioning and inter-chromophore interactions that direct excitation energy to the
reaction center. Inspired by this, we designed zirconium- based metal-organic
frameworks (MOFSs) incorporating Zrg nodes and strongly absorbing chro-
mophores such as pyrene, porphyrin, and anthracene. The Zr nodes are opto-
electronically inert, enabling the intrinsic photophysics of the linkers to domi-
nate.

Within these MOFs, linker assemblies exhibited coherent singlet excited
states, wherein trimeric units shared exciton energym. This coherence sup-
pressed intersystem crossing despite the triplet-active nature of the free link-
ers and generated polar states through symmetry-breaking charge transfer
(SBCT), probed via solvent-dependent pump-probe spectroscopy!“!. To rein-
troduce triplet formation, we employed palladium—porphyrin linkers that pro-
vided inner-sphere heavy atom effects. Depending on topology, compact micro-
porous frameworks displayed short-lived triplets limited by strong triplet—triplet
annihilation, while mesoporous analogues generated long-lived triplets persist-
ing over microseconds!. Tn parallel, anthracene-based linkers were used to
study topology-dependent singlet fission in MOFs achieving triplet yield over
100 percentage[4’5}.

These fundamental insights were applied to photocatalysis, using the MOFs
as photosensitizers in aerobic aza-Henry reactions of N-aryl-tetrahydroquinoline
derivatives. The frameworks achieved half-conversion within ~3 h and turnover
frequencies > 100h™', outperforming conventional triplet excited state-based



benchmarks and highlighting the catalytic potential of singlet-excited states[*.

1

Systematic studies across fourteen amine substrates revealed the influence of
solvent dielectric constant, light fluence, and substrate oxidation potential.
Mechanistic analysis indicated a cascade initiated by photoinduced electron
transfer to form amine radical cations and superoxide, followed by hydrogen
atom transfer or proton abstraction pathways.
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