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Figure S1. (a) Illustration of Si core volume expansion of SCM yolk-shell structure. (b) The 

Si volume expansion calculation scatter diagram for various dry oxidation temperatures. (c) 

HR-TEM image of Si nanoparticles and Si@SiO2 nanoparticles for various the dry oxidation 

temperatures.
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Figure S2. (a) FE-SEM image, (b) HR-TEM image of synthesized of Si/MoS2 nanoparticles 

without a PDA coating on the Si@SiO2 surface.
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Figure S3. Thermogravimetric Analysis (TGA) results of the Si@C sample. The sample was 

heated under the air.
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Figure S4. (a) Cycling performance and coulombic efficiency of SCM3 and SCM5 based on 

various current densities: 1st = 100 mA/g, 2nd = 200 mA/g, and 3rd and following = 500 mA/g. 

(b) Rate capabilities of SCM3, SCM5.
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Figure S5. Long-term cyclic test of SCM1, SCM5 at a current density of 2000mA/g.

To further check electrochemical stability effect according to MoS2 shell thickness, we 

measured the long term cyclic test injected high current density of 2,000 mA/g. In the initial 

30 cycles, the SCM1 capacity value is increased because of the silicon activation.[1] After then, 

the capacity is decreased because of the thin shell structure. However, in the SCM5, the initial 

capacity increase such as SCM1 doesn’t show and the capacity retention is increased because 

of the thick shell structure.
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Figure S6. Cyclic voltammetry of (a) Si@C, (b) SCM1 at a scan rate of 0.1 mV/s.

To explain the decrease of capacity value according to the shell thickness. We additionally 

measured the cyclic voltammetry of SCM3, SCM5. In SCM3 (figure S6a), the cathodic peak 

intensity around 0.5 V doesn’t high compared to the SCM1 (figure 4b) although the peak 

slightly increased. In SCM5 (figure S6b), the peak intensity around 0.5 V decreased rather. 

Those result show close correlation between the shell thickness and capacity value & retention.
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Figure S7. Cyclic voltammetry at 5th cycle of Si@C, SCM1, SCM3 and SCM5 at a scan rate 

of 0.1 mV/s.

Based on these basic cyclic voltammetry of Si@C, SCM1, SCM3 and SCM5, we plot the 5th 

CV curve of Si@C, SCM1, SCM3 and SCM5 for more detailed electrochemical analysis. As 

shown in the CV curve, the Si de-alloying reaction at cathodic scan is gradually decreased and 

the peak corresponding to the reaction is shifted to low voltage. It suggests that the Si reaction 

with Li ion goes gradually down as the thickness of MoS2 layer increases.[2]
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Figure S8. Charge-discharge profile of (a) Si@C, and SCM electrodes: (b) SCM1, (c) SCM3, 

and (d) SCM5.
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Figure S9. (a) Cycling performance and (b) initial coulombic efficiency of SCM1, SCM3 and 

SCM5 at 0.01 ~ 1.5V (Li/Li+) range based on various current densities: 1st = 100 mA/g, 2nd = 

200 mA/g, and 3rd and following = 500 mA/g.

For detail analysis of MoS2 lithium transport property, we measured electrochemical cycling 
test at the voltage range 0.01 ~ 1.5V. The cyclic performance result is very similar with the 
cycling performance at the voltage range 0.01 ~ 3.0V. From the analysis, the SCM5 electrode 
didn’t react with lithium ion (the capacity value shows only 150mAh/g). We clearly find that 
there is critical point of MoS2@C shell thickness for silicon reaction with lithium ion. The 
maximum shell thickness of MoS2@C shell for silicon reaction with lithium ion is 15.2nm. 
The silicon doesn’t react with lithium ion above 15.2nm.
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Figure S10. (a) Cycling performance and (b) EIS plot of bare MoS2 nanoparticle based on 
various current densities: 1st = 100 mA/g, 2nd = 200 mA/g, and 3rd and following = 500 mA/g.
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Figure S11. XPS spectra of Si@C and SCM1 electrodes of (a) C 1s (b) F 1s after 100 cycles 

based on various current densities: 1st = 100 mA/g, 2nd = 200 mA/g, and 3rd and following = 

500 mA/g.
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Figure S12. (a) TEM image of SCM1 electrodes after 100 cycles and its elemental mapping 

for (b) Si, (c) C, (d) Mo, and (e) S.
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Table S1. The composition of Si@C, SCM1, SCM3 and SCM5 obtained by X-ray fluorescence 

(XRF).
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Table S2. Comparison of the electrochemical properties of other Si@C yolk-shell structures.
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