Ultrafast scintillating metal-organic frameworks.
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The realisation of luminous ultrafast scintillators with reaction speeds in the tens of picoseconds range is therefore highly desirable, but also highly challenging. Indeed, the yield and kinetics of the scintillation mechanism are dominated by many parameters, which are usually anti-correlated. The chemical composition, structure and interactions of the material, its crystal symmetry, atomic number, electronic and charge transport properties, emission yield, light transport characteristics, device geometry and size all affect the complex photophysics beyond the scintillation mechanism and ultimately determine the intensity and speed of the emitted scintillation light pulse. 
Luminescent metal-organic frameworks (MOFs), nanoporous hybrid materials consisting of a crystalline framework of conjugated fluorescent ligands linked to metal-oxide cluster nodes, [1] exhibit fast and efficient luminescence properties. These hybrid systems have been recently proposed as scintillators,[2] since they contain both high-Z elements and highly emissive conjugated ligands. The use of MOFs has several intrinsic advantages: the MOFs' emission spectrum can be tailored and tuned by ultrafast energy transfer processes through the ligand framework to obtain a huge Stokes shift, avoiding reabsorption and maximizing light output; the composition of MOF linking nodes can be ameliorated to include heavier elements to enhance primary interactions with -rays and high-energy secondary electrons. [3]
We obtain here solid-state films of ultrafast-emitting metal-organic frameworks (MOFs), either UV-emitting or with a large Stokes shift for blue emission, based on hafnium (Hf) oxo-hydroxy clusters as linking nodes (Hf-MOF). We use 2’,5’-dimethyl-[1,1’:4’,1’’-terphenyl]-4,4’’-dicarboxylate (TP) as the conjugated scintillating ligand, acting as an energy donor or direct UV emitter in homo-ligand MOFs and 4,4’-(anthracene-9,10-diyl)dibenzoate (DPA) as the energy acceptor and blue emitter in hetero-ligand MOFs. The films exhibit sub-nanosecond scintillation kinetics as low as 150 ps and LY > 10⁴ ph/MeV under soft X-rays at room temperature, surpassing most state-of-the-art fast scintillators. Photophysical investigations demonstrate that the crystalline MOFs play a pivotal role in preserving the electronic and emission properties of the individual ligands in a controlled arrangement at short distances shorter than 1 nm. This simultaneously enables ultrafast, diffusion-mediated, bimolecular processes such as energy transfer and singlet-singlet annihilation between molecular excitons, which determine their final characteristics as scintillators. [4] The results obtained demonstrate that the MOF platform is a strong candidate to aim at breakthroughs in advanced scintillation detector technology.
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