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Figure S1. (a-b) The Gibbs free energy curve of the reaction during synthesis.
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Figure S2. (a) XRD pattern of the crude products after SiO,@C was reduced. (b) XRD patterns of
SVC-1 obtained at 200°C, 160°C, [Bmim]Cl: AICI; ratio of 1:1, and 1:1.5, respectively. (¢) XRD
pattern of Si obtained using AICl; as solvent (200 °C). (d) TGA curves of SVC-2 and SVC-3 (e) N,
adsorption/desorption isotherms of SVC-1 with inset displaying pore distribution. (f) Raman
spectrum of SiO,@C.

We carried out experiments using AlCI; as a solvent (without ionic liquid). According to the
experimental results, although Si material is also prepared, the reaction temperature must exceed
the melting point (194 °C) to form a solution system. Compared with pure AICl; as the reaction
medium, the [Bmim]CI-AlCl; reaction system is liquid at room temperature, which can disperse the

precursor better and has a wider reaction temperature range.

Figure S3. (a-c) SEM images of Si0,-2, Si-2, and SVC-2. (d-f) SEM images of SiO,-3, Si-3, SVC-3.
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Figure S4. (a-b) TEM image of SVC-1. (¢) HRTEM image of SVC-1.

As shown in Figure S4c, the carbon shell of SVC-1 shows an amorphous lattice, which is
consistent with the results of XRD result in Figure S2a, indicating that the carbon in SVC-1 exists
in an amorphous state.

o

=

=—8VC-1

— B I si 2p32 C -Raw I c-C
N si 2p12 = Fitted curve Elcc
i

Intensity (a.u.)
Intensity (a.u.)
Intensity (a.u.)

0 200 400 600 800 1000 93 9 99 102 105 108 276 280 284 288 292 2%
Binding Energy (eV) Binding Energy (eV) Binding energy (eV)

Figure S5. (a) XPS survey spectrum of SVC-1. (b-c) High-resolution XPS fitting results of Si 2p
and C ls.
The high-resolution spectrum of Si reveals six characteristic peaks, confirming the existence

of Si 2ps» (98.3 V), Si 2p1» (98.8 V), Sit (101.4 eV), Si?* (102.4 eV), Si** (103.3 eV), and
Si**(103.9 eV).
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Figure S6. (a) The capacity-voltage curves of SVC-1. (b) CV curves of ns-Si at different scan rates
and (c) the corresponding log (|i]) versus log (v) plots. (d) Capacity contribution of ns-Si for pseudo-
capacitance control and diffusion control at different scan rates. (¢) Equivalent circuits and EIS
curves of ns-Si after the 5th, 50th, and 200th cycles. (f) GITT curve of SVC-1.



Table S1. A summary of the performances of reported Si electrodes

Materials Preparative Method ICE Current  Cycles  Capacity Capacity  Reference
density after retention
cycles
(mAhg?)
Si/SiOx Magnesiothermic 68% 02Ag!' 100 1400 98% 1
reduction
Si@SiO, Magnesiothermic 63.8% 0.36A g 100 1470 82.5% 2
reduction 1
Si-200 MgH, reduction 85.7% 2Ag! 500 854 <30.0% 3
p-SiNPs@HC-1  Magnesiothermic 55% 02Ag! 100 1436 83.0% 4
reduction
Si/C/Si/C Aluminothermic 83.1% 1Ag! 200 1673 86.9% 5
reduction
Nano-Si Aluminothermic 81.7% 0.5Ag! 500 2663 <80% 6
reduction
3-D Si Magnesiothermic 74% 04Ag! 400 1287 52% 7
reduction
Si/C Mg/Al reduction 65% 02Ag! 100 600 71.3% 8
Si/SiC/C Magnesiothermic 79.1% 0.1Ag! 200 13290 87.8% 9
reduction
Hierarchical Si ~ Magnesiothermic XXX 1A g! 100 500 75% 10
reduction
HPS-Si Magnesiothermic 62.7% 02Ag! 100 1272.8 XXX 11
reduction
Si/C Magnesiothermic 73.2% 02Ag! 100 1449.2 98% 12
reduction
Si@C Magnesiothermic <54% 0.1Ag! 100 1546 <99% 13
reduction
SiOC-H. Magnesiothermic 70% 2Ag! 400 <600 <50% 14
reduction
Nano-Si Magnesiothermic 82.9% 05Ag! 100 2021.2 92.4% This work
reduction
SVC-1 Magnesiothermic 74.1% 05Ag! 100 1454.7 100% This work
reduction
2Ag! 600 913.7 73.9% This work




Table S2. EIS fitting parameters of commercial ns-Si and SVC-1 before cycling.

Sample Ry(Q) Ry (Q)
ns-Si 3.1 131.6
SVC-1 2.6 121.1

Table S3. EIS fitting parameters of SVC-1 at Sth, 50th, and 200th.

Sample Ry(Q) Ry Ry (Q)

5th 34 59.9 52.9

50th 4.2 333 33.6

200th 49 7.2 12.9
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