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Abstract

The investigation of actinide coordination chemistry holds pivotal scientific significance and application po-
tential for optimizing nuclear fuel cycle systems. Elucidating the coordination behavior of actinides and devel-
oping novel separation materials not only advance fundamental theories in actinide chemistry but also offer
innovative solutions for critical radioactive nuclide separation. Herein, we demonstrate a synergistic coordi-
nation strategy between polydentate ligands and metal centers to precisely control ligand conformation and
metal-binding preferences, enabling the programmable assembly of polynuclear uranium/thorium coordina-
tion cages. Building upon this approach, we propose a groundbreaking methodology utilizing actinide coordi-
nation cages for selective extraction of key elements from nuclear fission products. Through modular design,
we successfully constructed a peroxo-bridged diuranyl-functionalized uranyl-calix[4]resorcinarene capsule
system. Comprehensive characterization via NMR spectroscopy, mass spectrometry, and single-crystal X-ray
diffraction revealed its host-guest interaction mechanism with alkali/alkaline-earth metal ions, demonstrating
exceptional Sr2+ selectivity with a remarkably high distribution coefficient (Kd = 1.36x107 mL g-1 under low-
concentration conditions), surpassing existing Sr2+ adsorbents. This superior performance originates from
the geometric complementarity between the precisely arranged donor atoms in the cage cavity and the ionic
radius (1.16 A) of Sr2+, coupled with optimal coordination environment matching. Our findings not only
validate the unique advantages of actinide coordination cages in radionuclide separation but also establish
a new paradigm for designing high-selectivity separation materials through cavity microenvironment engi-
neering, offering both theoretical insights and technical frameworks for strategic metal recovery in complex
systems.The investigation of actinide coordination chemistry holds pivotal scientific significance and applica-
tion potential for optimizing nuclear fuel cycle systems. Elucidating the coordination behavior of actinides
and developing novel separation materials not only advance fundamental theories in actinide chemistry but
also offer innovative solutions for critical radioactive nuclide separation. Herein, we demonstrate a synergistic
coordination strategy between polydentate ligands and metal centers to precisely control ligand conformation
and metal-binding preferences, enabling the programmable assembly of polynuclear uranium/thorium coor-
dination cages. Building upon this approach, we propose a groundbreaking methodology utilizing actinide
coordination cages for selective extraction of key elements from nuclear fission products. Through modular de-
sign, we successfully constructed a peroxo-bridged diuranyl-functionalized uranyl-calix[4]resorcinarene cap-
sule system. Comprehensive characterization via NMR spectroscopy, mass spectrometry, and single-crystal
X-ray diffraction revealed its host-guest interaction mechanism with alkali/alkaline-earth metal ions, demon-
strating exceptional Sr2+ selectivity with a remarkably high distribution coefficient (Kd = 1.36x107 mL g-1
under low-concentration conditions), surpassing existing Sr2+ adsorbents. This superior performance orig-



inates from the geometric complementarity between the precisely arranged donor atoms in the cage cavity
and the ionic radius (1.16 A) of Sr2+, coupled with optimal coordination environment matching. Our findings
not only validate the unique advantages of actinide coordination cages in radionuclide separation but also
establish a new paradigm for designing high-selectivity separation materials through cavity microenviron-
ment engineering, offering both theoretical insights and technical frameworks for strategic metal recovery in
complex systems.
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