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Experimental Section.  

Material Syntheses. Si/C composites were synthesized via the following route: 0.4 

g D-(+)-glucose, 13.5 g KCl, 11.5 g NaCl, 0.164 g NH4Cl and 0.25 g SiNPs (~50 nm 

from Alfa-Aesar) for Si/C-0.25 (0.2 g for Si/C-0.2 and 0.3 g for Si/C-0.3, 

respectively) were mixed uniformly by ball milling at 400 rpm for 20 minutes. Then 

the powder mixture was filled into ceramic boat and afterwards put into an air 

circulation oven at 150 °C for 12h, then loaded into a tube furnace equipped with 

continuous argon flow. After flushing with argon for 30 minutes to eliminate air, the 

system was ramped at 5 °C min
-1

 to 150 °C and kept at this temperature for 2 h, then 

continued to heat up to 1050 °C at a rate of 30 °C min
-1

 and kept for 1 h. Finally, the 

system was cooled to ambient temperature. Meanwhile, the argon flow was 

maintained until the temperature reached below 30 °C. The block of products were 

crushed into particles and removed the salts by suction filtration with sufficient 

amount of ultrapure water for three times. Then as-obtained materials were dried at 60 

°C in a vacuum oven for 12 h. For comparison, the pure carbon was synthesized using 

the same procedure without the addition of SiNPs. 

   Material Characterizations. The morphology and structure of the samples were 

investigated by a TEM (Hitachi H-9500) at 300 kV and a field-emission SEM 

(SU8010 and Zeiss Ultra55) at 5 kV. TGA was performed on a Pyris 1 TGA (Perkin 

Elmer) System under air flow (100−700 °C, 10 °C min
−1

). The N2 

adsorption-desorption isotherms were measured by an Autosorb-1-C automatic 
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surface area analyzer (Quatachrome Corp). XRD patterns were recorded on a Rigaku 

D/MAX-2550-PC X-ray diffractometer with Cu Kα radiation (λ = 0.154 nm). Raman 

spectra was collected on a Horiba HR Evolution using a laser with an excitation 

wavelength of 532 nm. 

Electrochemical Tests. The tapped volume of the 0.31g Si/C powders is 2.2 ml, 

resulting the tap density is 0.141 g cm
-3

.The electrochemical measurements were 

carried out using CR2025 coin cells. For half cells, the Si/C working electrode was 

prepared using the active materials, conductive Super P, and sodium alginate binder in 

a weight ratio of 70:15:15. The slurry was coated onto a Cu foil and dried in a vacuum 

oven at 100 °C overnight. The areal mass loading of the active material was 0.75-5.0 

mg cm
−2

. The specific capacities were based on the total weight of the Si/C 

composite. Lithium chip was used as both counter electrode and reference electrode. 

The pure carbon half cells were prepared using the same procedure, only replacing the 

active materials. For fair comparison with the SiNPs, we adjusted the content of Si in 

Si/C-0.25 to be 53% in the SiNPs electrode. As a result, based on the formula of 

70:15:15, the content of additional conducting carbon in the SiNPs electrode is 32%. 

For full cells, the Li(Ni0.5Mn0.3Co0.2)O2 (NMC) cathode was prepared by mixing 

NMC, Super P, and polyvinylidene difluoride (PVDF) dissolved in 

N-methyl-2-pyrrolidone (NMP) in a ratio of 94:2:4 to form a slurry, which was then 

pasted on an Al foil and dried under vacuum at 70 °C. The Si/C anode was 

pre-activated in a half cell after two cycles between 0.01 and 1.2 V at 100 mA g
-1

 to 

form a stable SEI layer and then taken out as anode for the full cell. Full cell was 
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obtained by matching the cathode and anode capacity with a ratio of ~1:1.1. The 

specific capacity was based on the weight of NMC. The electrolyte was composed of 

1 M LiPF6 in a mixture of ethylene carbonate, dimethyl carbonate, and diethyl 

carbonate (1:1:1 in volume) and 10 vol% FEC was added. A Celgard 2400 membrane 

was used as the separator. All cells were fabricated in an Ar-filled glove box with 

moisture and oxygen concentrations below 0.1 ppm. Galvanostatic charge–discharge 

measurements of Si/C half cells were all conducted on a LAND battery tester between 

0.01 and 1.2 V, while the full cells were tested between 2.5 and 4.3 V. CV 

measurements were performed on a Solartron 1480 MultiStat instrument with a scan 

rate of 0.1 mV s
−1

. The EIS was measured between 0.01 to 10
5
 Hz with an excitation 

voltage of 5 mV.  
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Figure S1. Digital photos of the precursors in ceramic boat before (left) and after 

(middle) carbonization. 
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 Figure S2. The SEM image of the Si/C composite before removing NaCl and KCl. 
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Figure S3. (a) SEM image and (b) TEM image of the pure carbon. The inset: the 

SAED pattern taken from the red box. 
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Figure S4. (a) and (b) SEM images of the commercial SiNPs at different 

magnifications. 
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Figure S5. (a) and (b) TEM images, (c) and (d) HRTEM images of the SiNPs at 

different magnifications. 
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Figure S6. N2 adsorption-desorption isotherms of the as-fabricated Si/C 

composite ,SiNPs and Pure C. 
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Figure S7. TGA curves of the SiNPs, Si/C composites in certain ratio and Pure C in 

air between 100 and 700 
o
C with a heating rate of 10 

o
C min

-1
. 
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Figure S8. (a) Nyquist plots of the SiNPs electrode after 1
st 

and 20
th

 cycle. (b) 

Nyquist plots of the Si/C electrode after 1
st
 and 20

th
 cycle. (a) and (b) are both 

obtained from EIS within 100 kHz to 0.01 Hz (perturbation voltage: 5 mV). 
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Figure S9. SEM images of (a) the SiNPs electrode surface after the 1
st
 cycle and (b) 

the Si/C electrode surface after 1
st
 cycle. 
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Figure S10. SEM image of the SiNPs electrode (a) before cycling and (b) after the 

1
st 

cycle. The Si/C composite electrode (c) before cycling, (d) after the 1
st 

cycle, (e) 

after 120 cycles and (f) after 500 cycles at a current density of 420 mA g
−1

. 
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Figure S11. Comparsion of the as-prepared Si/C composites with the (a) Si/Graphene 

composites, (b) Si/C composites. The references are all representative outstanding 

research results in the past three years about Si/Graphene or Si/C composites as anode 

for LIBs.    

   

  

a b 
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Figure S12. Electrochemical performance of a typical Li(Ni0.5Mn0.3Co0.2)O2 –Si/C 

full cell. (a) Charge-discharge curves. (b) Cycling performance of the full cell. 
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Table S1. Impedance parameters for SiNPs and Si/C electrodes before cycling, after 

the 1
st
 and 20

th
 cycles. 

 

Electrode Rs/Ω Rsei/Ω Rct/Ω 

SiNPs before cylcing 3.33 none 233.50 

Si/C before cycling 3.53 none 183.10 

SiNPs after the 1
st 

cycle 
11.07 6.85 21.86 

SiNPs after the 20
th

 

cycle 
3.75 52.55 137.90 

Si/C after the 1
st
 cycle 5.74 4.05 37.41 

Si/C after the 20
th

 

cycle 
9.04 57.21 9.80 
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Table S2. Comparisons of Si/2D carbon nanosheet composite anode to different 

Si/graphene composite electrodes. The mass loading are all based on the weight of 

silicon and graphene. 

Current 

density 

(mA cm
-2

) 

Potential 

range (V) 

Mass 

loading 

(mg cm
-2

) 

Cycle 

number 

Areal 

capacity 

(mAh cm
-2

) 

Reference 

2.10 0.01-1.2 5.00 100 3.13 This work 

2.50 0.01-1.5 2.50 100 2.70 [1] 

0.84 0.005-2.0 2.10 270 2.13 [2] 

0.95 0.01-1.0 1.90 180 2.46 [3] 

1.05 0.01-1.5 0.35 100 0.32 [4] 

1.50 0.01-1 0.80 300 1.12 [5] 

0.40 0.01-1.5 1.80 200 1.30 [6] 

0.53 0.01-1.5 0.53 100 0.76 [7] 

0.62 0.05-1.5 1.10 100 1.60 [8] 

1.27 0.01-1.0 3.18 100 3.20 [9] 

0.50 0.01-1.0 1.00 100 0.82 [10] 
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Table S3. Comparisons of Si/2D carbon nanosheet composite anode to different Si/C 

electrodes with high mass loadings and high areal capacities. The mass loading are all 

based on the weight of silicon and carbon. 

Current 

density 

(mA cm
-2

) 

Potential 

range (V) 

Mass 

loading 

(mg cm
-2

) 

Cycle 

number 

Areal 

capacity 

(mAh cm
-2

) 

Reference 

2.10 0.01-1.2 5.00 100 3.13 This work 

1.23 0.005-1.0 4.10 100 2.54 [11] 

0.70 0.01-1.0 3.12 100 3.00 [12] 

0.50 0.01-1.0 2.02 100 2.30 [13] 

0.25 0.01-1.0 2.01 100 2.84 [14] 

0.85 0.02-1.5 1.70 100 2.20 [15] 

0.15 0.01-2.0 3.00 100 3.11 [16] 

4.00 0.01-1.2 1.00 150 1.24 [17] 

0.50 0.01-1.5 1.00 100 1.03 [18] 

1.05 0.02-1.2 2.10 300 3.70 [19] 

0.10 0.01-1.0 1.00 100 0.72 [20] 
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