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Figure S1: XRD pattern of single-shelled Si@ZIF-8 and double-shelled Si@ZIF-8@ZIF-67.
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Figure S2: (a) XRD pattern of Si@SNC, (b) SEM image of Si@ZIF-8, (c) TEM image, and (d)
SEM image of Si@SNC.



Figure S4: HRTEM images of double-shelled Si@DNC.
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Figure S5: EDS spectrum of double-shelled Si@DNC.
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Figure S6: Electrochemical impedance spectra of Si@DNC for bare electrode, after 1% cycle,

10t cycles, and 50™ cycles.
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Figure S7: (a-d) SEM images of double-shelled Si@DNC cycled electrode.
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Figure S8: XRD patterns of Si@DNC electrode before and after 300 cycles.
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(a-c) side view and (d-f) top view of optimized lithiation mechanism of single shelled

Figure S9:
Si@SNC.



Table S1. Calculated quantum molecular descriptors (eV) for optimized lithiation mechanism.

Materials HOMO | LUMO (RB3ELYP) BE. | Euowmo | Eiumo Eg EiOMO E?UMO (De%ye) n ®

N-carbon 0.20 -0.11 -628.88 - -5.46 -312 2.34 5.46 3.12 -4.29 117 | 7.87

N, N-carbon -0.11 0.06 | -645.37 - -3.07 -1.65 1.42 3.07 1.65 -2.36 0.71 3.92

Si -0.21 0.12 | -2879.70 - -5.85 -3.44 2.41 5.85 3.44 -4.64 120 | 8.95

Li -1.90 | -0.05 -7.45 - -51.87 | -1.41 50.46 51.87 1.41 26.65 | 2523 | 14.06

N-N-carbon-Si 020 | -0.11 | -3674.83 -8.69 -5.50 -3.12 2.38 5.50 3.12 -4.31 1.19 7.81
Li-N-N-carbon-Si -0.17 | -0.15 | -3682.39 | -11.36 | -4.67 -4.13 0.55 4.67 4.13 -4.40 027 | 3585
N, N-carbon-Si-Li -0.17 -0.16 | -3682.41 | -11.94 -4.61 -4.30 0.31 4.61 430 -4.46 0.16 | 64.02
N-carbon-N-carbon-Si -0.16 | -0.15 | -4303.71 -8.61 -4.28 -3.97 0.32 428 3.97 -4.13 0.16 | 54.89
Li-carbon-carbon-Si -0.15 0.14 | -4311.12 | -7.14 -4.11 -3.88 0.23 4.11 3.88 -4.00 0.12 | 69.39
Carbon-Li-carbon-Si 0.16 0.15 | -4310.99 -3.90 -4.25 421 0.04 425 421 -4.23 0.02 | 44732
Carbon-Carbon-Si-Li -0.17 | -0.17 | -4311.05 | -3.31 -4.74 -4.66 0.08 474 4.66 -4.70 0.04 |276.13




