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Abstract: Near—infrared (NIR) persistent—luminescent inorganic nanomaterials can continuously
emit NIR light after the cessation of external excitation. This property provides low background inter-
ference, deep tissue penetration, and prolonged signal output, which are advantageous for a wide
range of analytical tumor imaging applications. In recent years, continuous advances in luminescent
center engineering, trap engineering, and energy—transfer regulation have markedly improved the
luminescence efficiency, persistent luminescence lifetime, and NIR emission performance of these
nanomaterials, promoting the extension of their emission wavelengths from the first near—infrared
window (NIR-I) to the second near—infrared window (NIR-II) . Persistent—luminescent nano-
probes designed to be activated by the characteristics of the tumor microenvironment enable the specif-
ic activation of imaging signals, thereby further improving the sensitivity and imaging contrast of tu-
mor detection. This review systematically summarizes the luminescence mechanisms, luminescent
center engineering strategies, and NIR emission modulation strategies for persistent—luminescent in-
organic nanomaterials. Particular emphasis has been placed on recent advances in tumor microenvi-
ronment—responsive imaging, with a detailed discussion of the signal regulation mechanisms and im-

aging characteristics of different responsive systems. In addition, the key challenges associated with
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deep—tissue imaging, luminescence performance optimization, biosafety evaluation, and the de-
velopment of integrated theranostic platforms are discussed. It is anticipated that this review will pro-
vide valuable insights into the rational design of high—performance persistent—luminescent NIR nano-
probes and facilitate their biomedical applications.

Key words: near—infrared persistent luminescence; inorganic nanomaterials; luminescent centers;

tumor imaging
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Fig. 1 Schematic of typical luminescent center ions and tumor microenvironment-responsive imaging strategies for near—infrared

persistent—luminescence inorganic nanoprobes
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Fig. 2 Schematic of persistent luminescence of long afterglow materials "'
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