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Synthesis and Characterization of a New Hybrid Material: Lead-Free Perovskite Nanocrystals
Encapsulated in a Porous Metal Complex for Photocatalytic CO2 Reduction
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Center for Crystal Science and Technology, University of Yamanashi

This report investigates the in-sifu synthesis of metal halide perovskite nanocrystals (NCs)
encapsulated within metal-organic frameworks (MOFs) for the development of highly efficient and
stable solid-state photocatalysts for CO2 reduction. Using ZIF-7 and ZIF-9 as host matrices, lead-
based (MAPbX3) and lead-free (MA3Bizlo) perovskites were successfully hybridized via liquid-
and solid-phase reactions, respectively. Structural analyses, including STEM-EDX and XRD,
confirmed the uniform hybridization of the NCs within the MOF matrices and revealed
significantly enhanced atmospheric stability compared to pristine perovskites. Furthermore,
density functional theory (DFT) calculations revealed a favorable band alignment at the
MABi2lo/ZIF-9 interface, which would promote efficient spatial charge separation. These findings
indicate that hybridizing perovskite NCs within MOF is an effectively strategy for enhancing the
stability of perovskites, providing a promising structural design for potential photocatalytic
applications.
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Figure 1 Comparison between the experimental X-ray photoelectron spectroscopy (XPS)
valence band spectra and the weighted density of states (DOS) of ZIF-7 and ZIF-9,
calculated using the HSE06 functional and DFT+U scheme with PBESol functional and

various Hubbard U values.
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Figure 2 (a) Unit cell and supercell of 1x1x3 MA3Bi»lo used for the
slab calculations. (b) Projected density of states (PDOSs) and (c)
calculated electronic band structure (e-k plot) of MA3Bi»lo. (d) Band
alignment diagram comparing ZIFs with the MAPbX3 and MA3Bizlo

perovskites.
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Figure 4 (a) Powder X-ray diffraction (PXRD) patterns and (b) ultraviolet-visible (UV-
vis) diffuse reflectance spectra of MA3;Bilo@ZIF-7. (c) The corresponding Tauc plots.
(d) Scanning electron microscopy (SEM) image of MA3;Bilo@ZIF-7 observed in
backscattered electron (BSE) mode, where the circles indicate high-contrast spots
corresponding to MA3Bizly nanocrystals.
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