Molecular design for hybrid perovskites – from passive to active
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Organic-inorganic hybrid perovskites have the potential to be used as a new class of emitters with tunable emission, high color purity and good ease of fabrication. Recent studies have so far been focused on three-dimensional (3D) perovskites, such as CH3NH3PbBr3 and CH3NH3PbI3 for green and infrared emission. Here, we explore a series of hybrid perovskite emitters with a general formula of (C4H9NH3)2(CH3NH3)n-1PbnI3n+1 (where n = 1, 2, 3), which possesses a multiple quantum well structure. The quantum well thickness of these materials is adjustable through simple molecular engineering which results in a continuously tunable bandgap and emission spectra. Essentially, the van der Waals forces between long chain organic molecules help to drive the organization in these perovskites. Due to quantum confinement effect, the resultant optical band gap of these series of perovskites can be from 2.3 eV down to 1.6 eV approaching the band gap of 3D MAPbI3 (~1.55 eV). Accordingly, their emissions gradually shift from green (520 nm) to infrared range (740 nm). To demonstrate their application in light emitting devices, we fabricated perovskite LEDs with a multi-layered structure of ITO/poly(ethylenedioxythiophene):polystyrene sulfonate/poly(N,N'-bis(4-butylphenyl)-N,N'-bis(phenyl)-benzidine)/perovskite/1,3,5-Tris(1-phenyl-1H-benzimidazol-2-yl)benzene/LiF/Al. We were able to then fabricated red, green and blue LEDs with hybrid perovskites possessing multiple quantum well (MQW) structure. These layered perovskites are beneficial in terms of the flexibility in fine-tuning their light emission properties. Furthermore, it also enables the preparation of uniform and smooth film over large area thus making it suitable for scalable manufacturing. As an extension to this work, I will also share some work that we have done with active cations which of energy levels that can be made use of to encourage singlet fission and this opens up a very interesting optoelectronic behavior.
