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Abstract: Transition metal ion-doped lead-free halide double perovskites feature a lead-free, environmentally be-
nign composition, high structural flexibility, and broad spectral tunability, and have emerged as a pivotal research
direction for next-generation high-efficiency near-infrared (NIR) luminescent materials. This review systematically
summarizes the research progress on NIR luminescence in transition metal ion-doped halide double perovskites.
First, the crystal structures and fundamental optical properties of metal halide double perovskites are elucidated.
Subsequently, the luminescence mechanisms, spectral characteristics, and recent advances of d* and d* electronic
configuration systems in halide double perovskites are elaborated in detail. Then, three performance optimization
strategies, compositional substitution engineering, energy transfer, and valence state regulation, are summarized
along with their underlying mechanisms. Afterwards, typical applications of these NIR luminescent materials in bio-
logical imaging, night-vision illumination, and non-destructive testing are introduced. Finally, the challenges con-
fronting current research are analyzed, and outlooks for future development directions are proposed, aiming to pro-

vide references for the rational design and application expansion of high-efficiency NIR luminescent materials.
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The schematic of the crystal structure and design principles of MHDPs.
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Fig.2 (a) The schematic of the formation of FEs and STE. (b) Abs and PL spectra of Cs,AgInCls and Cs,Ag, ¢Nag4InClg.
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Fig. 3 (a) The schematic of the splitting of Cr’*3d orbitals in an octahedral crystal field. (b) Tanabe ~ Sugano energy level dia-
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(a) Tanabe — Sugano energy level diagram for the 4d’ electronic configuration. (b) PL and PLE spectra of Rb,HfClg:
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(a) PL and PLE spectra of Cs,Ag,  NaInCls: Cr'* NCs. (b) PLQY and FWHM values of Cs,Ag; NaInCls: Cr'* NCs.
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0.1Mo", Cs,Zr(Cl,Br)¢:0.1Mo*, and Cs,MoCl.
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