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Research progress on radiation-induced metal-organic framework synthesis, defect

regulation, and surface functionalization

HU Yinuo” WANG Wei? YU Rongrong' Siddique Amna® LI Wenli'?
ZHAO Xiaomeng” SHAO Ruigi”? XU Zhiwei'”?

'(School of Textile Science and Engineering, Tiangong University, Tianjin 300387, China)
*(Shaoxing Kegiao Research Institute, Tiangong University, Shaoxing 312030, China)
‘(Department of Textile Technology, National Textile University, Faisalabad 37610, Pakistan)

ABSTRACT Metal-organic framework (MOF) is a porous material formed by the self-assembly of metal nodes
and organic ligands, featuring a high specific surface area and tunable structure, and it is widely used in catalysis,
separation, and other fields. However, traditional preparation and modification methods face challenges such as high
energy consumption, long processing times, and reagent residues. In recent years, with the rise of green synthesis
concepts and the integration of nuclear technology into materials science, ionizing radiation technologies represented
by gamma rays and electron beams have gradually emerged as a promising approach for MOF preparation and
modification. This is due to their unique energy transfer mechanisms, reactions that do not require high temperatures
or pressures, and the 'clean' characteristic of avoiding additional chemical reagents. This review aims to
systematically summarize and analyze the recent frontiers of radiation technology in the field of MOF research,
focusing on its applications in radiation-induced synthesis, defect regulation and surface radiation-induced graft

functionalization. It details the mechanisms, technical advantages, challenges faced, and provides an outlook on

future development trends.
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functionalization
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Fig. 9 (a) Powder X-ray diffraction patterns of ZIF-8 samples synthesized with electron beam radiation at absorbed doses of 50,
100, 250, 500, 750, and 1 000 kGy; (b) comparisons of yield and crystallinity of different ZIF-8 samples; (c) the ratio between the
intensity of different diffraction planes in the PXRD patterns; (d) N, distributions calculated from the N, gas adsorption (@) and
desorption (O) curves for different ZIF-8 samples at 77 K; (e) the pore size distributions calculated from the N, adsorption isotherm
by nonlocal density functional theory (NLDFT) method; (f) solid-state N'* NNMRspectra of ZIF-8 samples synthesized with
electron beam radiation; (g) HRTEM image of ZIF-8-1 000 kGy (Inset: the magnified corresponding region marked by a red line);
(h) corresponding selected area electron diffraction patterns within the area marked by red square viewed along the (0, 0, 1) zone
axes; (i) Kubelka-Munk-transformed diffuse reflectance spectra of different ZIF-8 sample "”!
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