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SI 1: Separations
Figure S1.1 Multi-stage HPLC separation of Dy2N4@C81N (Dy-I) with toluene as eluent and 310nm detection wavelength. a) The first stage: 20mm×250mm 5PYE column, flow rate: 15mL/min; b) the second stage: 20mm×250mm Buckyprep column, 12mL/min; c) the third stage: 20mm×250mm Buckyprep column, 15mL/min; d) the fourth stage: 10mm×250mm 5PBB column, 4mL/min; e) the final stage: 10mm×250mm 5PBB column, 4mL/min.
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Figure S1.2 Multi-stage HPLC separation of Y2N4@C81N (Y-I) with toluene as eluent and 310nm detection wavelength. a) The first stage: 20mm×250mm 5PYE column, flow rate: 15mL/min; b) the second stage: 20mm×250mm Buckyprep column, 12mL/min; c) the third stage: 20mm×250mm 5PBB column, 15mL/min; d) the final stage: 10mm×250mm Buckyprep column, 3mL/min.
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Figure S1.3 Multi-stage HPLC separation of Dy2C2@C3v(8)-C82 with toluene as eluent and 310nm detection wavelength. a) The first stage: 20mm×250mm 5PYE column, flow rate: 15mL/min; b) the second stage: 20mm×250mm Buckyprep column, 12mL/min; c) the final stage: 20mm×250mm Buckyprep column, 12mL/min.
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SI 2: LDI-TOF mass spectra
Figure S2.1 LDI-TOF mass spectrum of purified Dy2C2@C3v(8)-C82. The insets show its measured and calculated isotopic distribution.
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Figure S2.2 LDI-TOF mass spectrum of purified Dy2C2@C3v(8)-C82. The insets show its measured and calculated isotopic distribution.
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SI 3: Crystal structure
[image: ]Figure S3.1 Disordered Dy sites relative to the N4-unit in Dy-I. Those Dy sites labeled “A” are generated by crystallographic operation. The occupancies are following: Dy1, 0.27; Dy2, 0.19; Dy3, 0.08; Dy4, 0.07; Dy5, 0.07; Dy6, 0.06; Dy7, 0.06; Dy8, 0.04; Dy9, 0.16; Dy10, 0.08; Dy11, 0.05; Dy12, 0.03.
Figure S3.2 Fragment view showing the relationship of the major Dy2N4 cluster relative to the closest cage portions.
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SI 4: DFT calculations
Figure S4.1 Molecular structures of optimized Y2N4@C81N (Y-I) with the nitrogen substitution at different places on the cage: a) 566-junction at the middle of two metal ions, b) 666-junction and c) 566-junction while close to one metal ion. a) features the same nitrogen substitution location as Dy-I shown in Figure 2a and is the most stable structure. b) and c) are higher in energy of 21.4 kcal/mol and 27.6 kcal/mol, respectively. Higher-level optimization of a) using def2-TZVP basis set for C and N atoms with Grimme dispersion correction (DFT-D3) was further carried out to show the identical structure. The average N-N bond length of N4 unit in Y-I is 1.47 Å, same as in Dy-I.
[image: ]
Figure S4.2 Isosurface of SOMO in Y-I, showing identical cluster-based character as illustrated in Figure 2c for Dy-I.
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Figure S4.3 Molecular structures of optimized a) Dy-I and its b) cation Dy-I+ and c) anion Dy-I-. 
[image: ] 

Figure S4.4 Kohn–Sham MO energy levels (occupied—black, unoccupied—pink) of Y-I, Dy-I, Dy-I+ and Dy-I-. The red color indicates the M2N4 cluster-based orbitals. The energy values of Dy-I+ cation and Dy-I- anion orbitals are vertically translated for clarity. The dashed lines show the evolution of orbitals in neutral Dy-I molecule upon donating and accepting one electron, which result in Dy-I+ and Dy-I-, respectively. Spin-up (α) and spin-down (β) levels are shown separately for Y-I and Dy-I. The HOMO- or SOMO-LUMO gap in each case is indicated in blue with value in eV unit.
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