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S1. Synthesis and characterization
General Methods.

Caution! Suitable measures for precautions and protection should be taken, and all operations 

should follow the criteria while handling such substances although natural uranium was used in 

the experiment. All the reagents were purchased from commercial sources and used as received. 

Cucurbit[6]uril (CB[6](HCl)) was synthesized from glycoluril and paraformaldehyde in HCl 

aqueous solution according to the reported procedure.1-3

     1H-NMR spectra were recorded on a Bruker AVANCE III (500 MHz, Bruker, Switzerland) 

with deuterium oxide (D2O) as a solvent. ESI-MS spectra were obtained with a Bruker AmaZon 

SL ion trap mass spectrometer (Bruker, USA). Powder XRD measurements (PXRD) were 

recorded on a Bruker D8 Advance diffractometer with Cu Kα radiation (λ=1.5406 Å) in the range 

5-80°( step size: 0.02º ). Thermogravimetric analysis (TGA) was performed on a TA Q500 

analyzer over the temperature range of 25-800 °C in air atmosphere with a heating rate of 10 

°C/min. The Fourier transform infrared (IR) spectra were recorded from KBr pellets in the range 

of 4000-400 cm-1 on at Bruker Tensor 27 spectrometer. Raman spectra were recorded from 4500 

to 100 cm-1 on a Horiba LabRAM HR Evolution Microscopic Confocal Raman spectrometer with 

a 473 nm argon ion laser. Solid-state fluorescence spectra of all the compounds were measured on 

a Hitachi F-4600 fluorescence spectrophotometer excited at 420 nm.

Preparation of C4CN3 and C4CN3@CB6 (L1) ligands

C4CN3 was synthesized according to the procedures reported previously 2, 4 and C4CN3@CB6 

(L1) was also synthesized according to the procedures reported previously 2-4.

C4CN3@CB6 (L1): 1H NMR (500MHz, D2O, δ ppm): 8.25 (s, 2H); 8.14 (d, 2H), 7.93 (d, 2H), 

7.73 (t, 2H), 5.77 (d, 12H), 5.74 (s, 12H), 4.48 (s, 4H), 4.42 (d, 4H), 2.54 (m, 4H), 0.66 (m, 4H). 

MS (ESI): mass calculated for C56H60N28O12 (M2+) , 1316.50; m/z found, 658.21 (M2+).

Hydrothermal synthesis of IHEP-URCP-1, IHEP-URCP-2 and IHEP-URCP-3

IHEP-URCP-2: UO2(NO3)2·6H2O (0.5 mol/L, 18 μL, 0.0090 mmol) were added to a 

suspension of L1 (0.012 g, 0.083 mmol) in water (0.5 mL) in a stainless-steel bomb. After 

adjusting the initial pH to ~1.7 with HNO3 (4 mol/L), the mixture was sealed, kept at 180°C for 72 
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h and cooled to room temperature to afford bright yellow block crystals. The final solution pH is 

~2.3. The obtained crystals were washed with water and dried in air (9.5 mg, 64%).

IHEP-URCP-3: UO2(NO3)2·6H2O (0.5 mol/L, 18 μL, 0.0090 mmol) and (NH4)2SO4 (0.5 mol/L, 

18 μL, 0.0090 mmol) were added to a suspension of L1 (0.012 g, 0.083 mmol) in water (0.5 mL) 

in a stainless-steel bomb. After adjusting the initial pH to ~1.6 with HNO3 (4 mol/L), the mixture 

was sealed, kept at 180°C for 72 h and cooled to room temperature to afford prismatic yellow-

green crystals. The final solution pH is ~2.1. The obtained crystals were washed with water and 

dried in air (11.2 mg, 72%).

IHEP-URCP-1: As a control compound, IHEP-URCP-1 was synthesized according to the 

literature reported previously.2 UO2(NO3)2·6H2O (140 μL, 0.07 mmol) were added to a suspension 

of 1 (0.10 g, 0.07 mmol) in water (2 mL) in a stainless-steel bomb. After treating with HNO3 or 

triethylamine, the mixture was sealed, kept at 180°C for 72 h and cooled to room temperature. 

Light yellow crystals were washed with water and ethanol and dried in air.

X-ray Single Crystal Structural Determination

X-ray diffraction data for both the compounds IHEP-URCP-2 and IHEP-URCP-3 were 

collected on Agilent SuperNova X-ray CCD diffractometer with a Mo Kα (λ = 0.71073 Å) X-ray 

source at 293 K. Standard Agilent Crysalis software was used for determination of the unit cells 

and data collection control. The crystal structures were solved by means of direct methods and 

refined with full-matrix least squares on SHELXL-97. In both of the compounds, the unit cell 

includes a large region of disordered solvent water molecules, which could not be modeled as 

discrete atomic sites. We employed PLATON/SQUEEZE to produce a set of solvent-free 

diffraction intensities, which is used to make a further refinement. Crystallographic data for the 

structures in this paper have been deposited with the Cambridge Crystallographic Data Centre as 

supplementary publication nos. CCDC-1477807 (IHEP-URCP-2), CCDC-1477808 (IHEP-

URCP-3).

Crystal data for IHEP-URCP-2 (CCDC-1477807): 

C112H121N52O38U2, [(UO2)2O(C20H24N2O4@CB6)1.5(H2O)]•(C20H24N2O4@CB6)0.5, Mr = 

3279.67, triclinic, 
_

1P , a = 17.5238(6) Å, b = 21.4858(5) Å, c = 22.2555(7) Å, alpha= 

106.510(2)°, beta= 105.257(3)°, gamma= 105.879(2)°, V = 7180.0(4) Å3, Z = 2, ρcalcd.= 1.517 

g•cm-3. Of the 60006 reflections collected, 25250 were unique (Rint = 0.0326). Refinement on all 

data converged at R1 = 0.0434 for 19821 reflections [I > 2σ(I)]. wR2 = 0.1229, and GOF = 1.147.

Crystal data for IHEP-URCP-3 (CCDC-1477808): 

C56H60N26O22SU, UO2(C20H24N2O4@CB6)(η2-SO4). Mr = 1721.41, monoclinic, P 21/n, a = 
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16.5786(3) Å, b = 16.9736(5) Å, c = 25.6419(6) Å, beta= 101.461(2)°, V = 7071.8(3) Å3, Z = 4, 

ρcalcd.= 1.615 g•cm-3. Of the 29146 reflections collected, 13091 were unique (Rint = 0.0400). 

Refinement on all data converged at R1 = 0.0468 for 10161 reflections [I > 2σ(I)]. wR2 = 0.1550, 

and GOF = 1.056.
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S2. Typical Figures and Data

Figure. S1. 1H NMR spectrum of C4CN3@CB6 (500 MHz in D2O)

Figure S2. Crystallographic structure of IHEP-URCP-2: (a) ORTEP drawing of the asymmetric 
unit; (b) the asymmetric unit with all the cucurbituril macrocyclic moieties omitted for clarity.
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Figure S3. Three types of C4CA3@CB6 moieties in IHEP-URCP-2: C4CA3@CB6 with both 
ends in η1-mode corresponds to type A, that in μ2-η1:η1-mode is type B, and that in μ2-η1:η2-mode 
is type C.

Figure S4. The ɑ-polonium-like topology of the 3D uranyl polyrotaxane framework in IHEP-
URCP-2 viewed from different directions.
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Figure S5. For 6-connected tetra-nuclear uranyl SBUs, all the six linkers extending to three 
different non-coplanar directions could afford three-dimensional frameworks, while those in 
coplanar directions only give 2D networks.

Figure S6. Comparison of molecular structures and configurations of C4CA3 chain between (a) 
free pseudorotaxane of IHEP-URCP-2, (b-d) coordinated pseudorotaxane of IHEP-URCP-2 and 
(e-f) simple precursors of C4CA3@CB6.
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Figure S7. Crystallographic structure of IHEP-URCP-3: (a) ORTEP drawing of the asymmetric 
unit; (b) the asymmetric unit with all the cucurbituril macrocyclic moieties omitted for clarity; (c) 
the chain-like structure of IHEP-URCP-3; (d) the chain-like structure of IHEP-URCP-3 viewed 
from another direction.
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Figure S8. Powder X-ray diffraction pattern (PXRD) of IHEP-URCP-2. The upper and lower 
parts are experimental spectrum and simulated spectrum based on single crystal data, respectively.

Figure S9. Powder X-ray diffraction pattern (PXRD) of IHEP-URCP-3. The upper and lower 
parts are experimental spectrum and simulated spectrum based on single crystal data, respectively.
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Figure S10. Thermogravimetric results of IHEP-URCP-2 and IHEP-URCP-3.

Figure S11. Fluorescence spectra of IHEP-URCP-2 and IHEP-URCP-3.
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Figure S12. IR spectra of IHEP-URCP-2 and IHEP-URCP-3.
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S2. Typical Tables
Table S1. Selected bond distances (Å) and bond angles (°) related to uranyl centers in IHEP-
URCP-2 and IHEP-URCP-3.

IHEP-URCP-2

U(1)-O(1) 1.776(4) U(2)-O(3) 1.766(5)

U(1)-O(2) 1.766(4) U(2)-O(4) 1.774(4)

U(1)-O(5) 2.295(3) U(2)-O(5) 2.224(3)

U(1)-O(5’) 2.263(4) U(2)-O(6) 2.595(3)

U(1)-O(6) 2.504(3) U(2)-O(8) 2.286(4)

U(1)-O(7) 2.533(4) U(2)-O(10) 2.436(4)

U(1)-O(11) 2.374(4) U(2)-O(1W) 2.455(4)

O(1)-U(1)-O(2) 174.7(2) O(3)-U(2)-O(4) 174.0(2)

IHEP-URCP-3

U(1)-O(1) 1.781(5) U(1)-O(5) 2.487(5)

U(1)-O(2) 1.759(5) U(1)-O(6) 2.452(5)

U(1)-O(3) 2.471(5) U(1)-O(7) 2.438(6)

U(1)-O(4) 2.468(5) U(1)-O(8) 2.474(5)

O(1)-U(1)-O(2) 178.6(2)       


