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S1 Computational Methods

The DFT calculations were performed on Vienna ab initio Simulation package (VASP)
[S1, S2] with projector augmented wave (PAW) pseudopotential [S3, S4]. The exchange-
correlation interaction was described by Perdew-Burke-Ernzerhof (PBE) functional
within the spin-dependent generalized gradient approximation (GGA) [S5]. The kinetic
energy cut-off was set to 500 eV, and the dispersion corrections in Grimme’s scheme
(DFT-D3) was utilized to treat the long-range van der Waals interactions [S6]. For
structure optimization, the Brillouin zone was sampled by Gamma-centered k-point with
3 x 3 x 1, and the convergence criterion of force and energy were set to 0.01 eV A™! and
107 eV, respectively [S7]. For electronic structure calculation, the total energy was
converged to 1077 eV.

S2 Supplementary Figures and Tables

MgPc MgPc@CNT MgPc@FCNT

Fig. S1 The supernatant of MgPc, MgPc@CNT and MgPc@FCNT after the
centrifugation
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Fig. S3 TEM images of MgPc@FCNT

Fig. S4 HRTEM images of MgPc@FCNT
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Fig. S6 STEM-EDS elemental mapping of MgPc@FCNT
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Fig. S7 FT-IR spectra of MgPc@FCNT and MgPc
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Fig. S8 Nitrogen adsorption and desorption isotherm and pore size distribution curves of
a, b MgPc@FCNT and ¢, d MgPc@CNT
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Fig. S9 XPS survey of a MgPc@FCNT, b MgPc@CNT, ¢ FCNT and d MgPc
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Fig. S10 XPS spectra of MgPc@FCNT, MgPc@CNT, FCNT and MgPc. a F 1s spectrum,

b N 1s spectrum
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Fig. S11 The expanded peaks

of EPR spectra for a MgPc@FCNT, MgPc@CNT and b
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Fig. S12 Inelastic electron cutoff edge energy (Ecutotr) of a MgPc@FCNT, b MgPc@CNT
and ¢ MgPc calculated by UPS
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Fig. S13 HOMO energy of a MgPc@FCNT, b MgPc@CNT and ¢ MgPc calculated by
UPS
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Fig. S14 UV-vis spectra of MgPc@FCNT, MgPc@CNT and MgPc. a Reflection spectrum,
b absorption spectrum

Figure S13a shows the relationship between reflectivity and wavelength, and the
relationship between absorbance and reflectance is as follows:

a =—log (R) (S1)

The relationship between absorbance and wavelength was obtained by replacing

reflectance with absorbance using Equation 1.1, as shown in Fig. 13b. According to the
Kubelka Munk equation:

(ahv)"=A (hv — E) (S2)

Among them a is the absorbance, / is the Planck constant, v Is the frequency of light, A
is a physical quantity related to the material, £, is the bandgap energy value, n is 1/2 for
direct bandgap semiconductors, and 2 for indirect semiconductors. Fig. 2e is obtained after
converting Fig. S13b into photon energy. In Fig. 2e, select the straight-line segment with
the highest slope as the tangent, and the value at the intersection of the tangent and the x-
axis is the bandgap width [S8].
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Fig. S15 HOMO/LUMO level alignment obtained through DFT calculations
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Fig. S16 CV profiles of a MgPc@FCNT, b MgPc@CNT, ¢ FCNT and d CNT
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Fig. S17 Li-ion diffusion coefficient of a MgPc@FCNT, b MgPc@CNT, ¢ FCNT and d
CNT probed by the plots of CV peak currents vs. square root of the scan rates
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Fig. S19 The constant potential discharge curves of a FCNT and b CNT using Li>Se
solution at 2.05 V
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Fig. S20 Temperature-dependent EIS of MgPc@FCNT at 1.8, 2.1,2.4and 2.7 V
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Fig. S21 Temperature-dependent EIS of MgPc@CNT at 1.8, 2.1,2.4 and 2.7V
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Fig. S22 Temperature-dependent EIS of FCNT at 1.8, 2.1,2.4 and 2.7 V
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Fig. S23 Temperature-dependent EIS of CNT at 1.8, 2.1,2.4 and 2.7 V
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Fig. S24 Arrhenius plots of a MgPc@FCNT, b MgPc@CNT, ¢ FCNT and d CNT batteries
calculated based on the EIS curve

Wetting by electrolyte Bending inward

Coiling and wrinkling Final MgPc@FCNT separator

Fig. S25 Digital photos of the MgPc@FCNT modified separator under various
mechanical stresses
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Fig. S26 The galvanostatic charge-discharge profiles of a MgPc@FCNT, b MgPc@CNT,
¢ FCNT and d CNT at varied current densities
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The in-situ XRD spectra were processed in air during the GCD processes for the
MgPc@FCNT and MgPc@CNT. The voltage programming of the XRD patterns are
shown in the left of Figs. 4d and S28.
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Fig. S28 2D pseudo-color in-situ XRD patterns of MgPc@CNT during the GCD
processes
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Fig. S29 The capacity decay rates at 0.5 and 2 C

Fig. S30 SEM images of the cathode electrode after 100 cycles with a PP separator
modified by a MgPc@FCNT and b MgPc@CNT
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Fig. S31 Optimized Configurations of Li»S, (n=1, 2, 4, 6, 8) and isolated Sg clusters. The
Li and S atoms are green and yellow respectively

Fig. S32 Side views of a MgPc@FCNT and b MgPc@CNT. The H, C, N, Mg, and F are
white, gray, blue, purple, and pink, respectively

(—]

&
'l

| MgPc@FCNT
[ MgPe@CNT

Adsorption Energy (eV)

&

Li atom S atom
Fig. S33 Calculated atomic adsorption energy
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Fig. S34 Side views of the adsorption configurations of Li»S, (n=1, 2, 4, 6, 8) and isolated
Sg clusters on MgPc@FCNT

Fig. S35 Side views of the adsorption configurations of Li>S, (n=1, 2, 4, 6, 8) and isolated
Sg clusters on MgPc@CNT
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Table S1 The Mg contents in MgPc@FCNT as determined by ICP, XPS ang EDS
mapping

Sample ICP (wt%) XPS (wt%) EDS mapping (wt%)
MgPc@FCNT 0.36 0.73 0.57

Table S2 Vibration types of FT-IR peaks [S9]

Wavenumbers

1330, 1282, 1165

Vibration types
The stretching vibration of C-N bond

1607 The stretching vibration of C=N bond
1078. 1056. 756. 726 The stretching vibration of phthalocyanine
skeleton
888 Metal ligand vibration
1482 The stretching vibration of C=C bond

Table S3 The structural parameters at the Mg K-edge extracted from quantitative
EXAFS curve-fittings

Sample  bond type CN* R (A) 62 (1073A%)™ R factor
Mg-N 3.0+0.5 2.01 £0.01 54+1.6
Mg-SAC 0.056
Mg-F 21406  238+£002  54+16
MgPc Mg-N 4 1914003  114+6.1 0.038

* CN: coordination number; So? was fixed from the fitting result of MgPc

** 52: Debye—Waller factors

Table S4 The bond length (A) for Li»Sa (n = 1, 2, 4, 6, 8) and isolated Ss clusters on
MgPc@FCNT and MgPc@CNT

Adsorption LizS LizSz Li2S4 Li2S6 List Ss

Mg-Sbond  2.06 2.54 2.65 2.36 1.72 3.8
MgPc@FCNT

Li-N bond 221 2.25 2.08 1.86

Mg-Sbond  2.46 2.54 2.65 1.91 2.11 3.96
MgPc@CNT

Li-N bond 24 2.25 2.13 2.04
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