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Fig. S1 (a) TGA curve of PAA binder and (b) its magnified image. TGA analysis was 
conducted under N2 atmosphere with a heat ramping rate of 10 oC min-1. PAA decomposes 
above 210 oC. (c) FTIR comparison between as-received and 180 oC annealed PAA binders, in 
which IR peaks are almost same.
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Fig. S2 (a), (b) TEM images of bare SiMPs, (c), (d), (e) TEM and EDS mapping images of 
[SiMP+GO] composite, and (f) Raman spectra and (g) XPS spectra of bare SiMPs and 
[SiMP+GO] composite. 
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Fig. S3 SEM images of [as-received SiMP+GO] composite where SiMPs were not treated with 
piranha solution. Due to the difference in surface characteristics of SiMPs (hydrophobic) and 
GO (hydrophilic), SiMPs and GO are aggregated into 20~30 μm size.

Fig. S4 TGA curves of (a) [SiMP+GO] composite and (b) SiMP conducted in air at a heating 
rate of 10 oC/min. The weight change of SiMP was 0.2% up to 500 oC and thus, the mass 
change of [SiMP+GO] composite was mostly derived from the decomposition of GO. The 
content of GO in [SiMP+GO] composite was ~10%.
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Fig. S5 Carbon/oxygen atomic ratio of GO after annealing at 180 oC determined by 
elemental analyzer.

Fig. S6 Comparison of lithium storage performance of EB electrode with the previously 
reported Si-based composites.
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Fig. S7 Galvanostatic graph of EB electrode on Fig. 3c from 10th to 50th cycle.

Fig. S8 (a) First charge-discharge voltage profile (b) cycle performance of 
[SiMP+GO](180°C)/PAA electrode at current density of 1000 mA g-1 (one cycle at 200 and 5 
cycles at 500 mA g-1 for activation process).
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Fig. S9 (a) First charge-discharge voltage profile and (b) cycle performance of HB(rGO) and 
EB(rGO) electrodes at current density of 1000 mA g-1 (one cycle at 200 mA g-1 for activation 
process).

Fig. S10 SEM images of (a) SiMP (US Nano), (b) SiMP (Alfa Aeser), and (c) [SiMP (Alfa 
Aeser]+GO]. HB and EB electrodes have been fabricated by using [SiMP (Alfa Aeser)+GO] 
composite. (d) initial charge-discharge voltage profiles for HB and EB electrodes at current 
density of 200 mA g-1, and (e) cycle performance of HB and EB electrodes at the current density 
of 200 mA g-1 (1 cycle)-2000 mA g-1 (subsequent cycles).
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Fig. S11 Rate capability test of EB electrode by increasing the current density from 1000 to 
8000 mA g-1. The initially unstable cycling performance upon the change of current density is 
due to the stabilizing process.10,11
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Fig. S12 (a) First galvanostatic graph of EB-1 electrode (ICE=86.9%) and (b) galvanostatic 
graph from 10th to 200th cycle with retaining 82% of its original capacity. 

Fig. S13 The comparison of electrochemical performance of EB-1 electrode with previously 
reported Si electrodes using commercial micro-size Si.



10

Fig. S14 (a) Optical image of 0.2 g nano-Si, SiMP, and [SiMP+GO] composite and (b) cross-
section image of EB-1 electrode with a Si mass loading of 1.42 mg cm-2.
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Fig. S15 (a) Voltage/time GITT graph for HB and EB electrodes for the first cycle. The voltage 
profile with a schematic labeling of different parameters for (b) HB and (c) EB electrodes. The 
calculated of Li+ ion mobility of HB and EB electrodes during (d) lithiation and (e) delithiation. 

The diffusion mobility has been calculated based on the equation; DLi+ = , 
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where τ is duration of the current pulse (s), nm is number of moles, Vm is the molar volume of 
the electrode, S is electrode/electrolyte contact area (cm2), ΔEs is the steady-state voltage 
change, and ΔEt is voltage change during constant current pulse. 



12

Fig. S16 Micro scratch test reproducibility for (a) HB electrode (b) EB electrode and its scratch 
image by SEM for (c) HB electrode and (d) EB electrode.

Fig. S17 FT-IR spectra of EB-1 electrode after first lithiation/delithiation. The peaks for binder 
cannot be detected due to the secondary phases such as SEI layer, electrolyte salt, and 
electrolyte solvent.25,26
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Fig. S18 Cyclic voltammetry for (a) HB and (b) EB electrodes at different scan rates from 0.1 
to 1.0 mV s–1 after 1st, 5th, and 20th cycles.
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Fig. S19 Oxidation peak current versus root scan rate for (a) HB electrode and (b) 

its change of Ip/v1/2 upon cycle. Oxidation peak current versus root scan rate for (c) 

EB electrode and (d) its change of Ip/v1/2 upon cycle.
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Fig. S20 SEM images of pristine HB and EB electrodes. 

Fig. S21 (a), (b) SEM and (c) TEM images of EB electrode covered with thin SEI layer. 
Number on TEM image indicates the thickness of SEI layer with a unit in nanometer.
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Fig. S22 SEM and EDS images of SEI layer etched after cycled electrodes for (a), (b) HB 
electrode and (c), (d) EB electrode, respectively. (e), (f) SEM observation of cross-sectioned 
EB electrode by back-scattered electron (BSE) mode. As the high atomic number objective 
displays the enhanced brightness, Si particles can be clearly visualized compared to 
carbonaceous materials.21 BSE images showed that the pulverized Si was coalesced inside GO-
PAA cage with a particle size of 1~3 μm. 
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Fig. S23 (a), (b), (c) TEM images of the after cycled EB-1 electrode, where GO covering the 
pulverized Si can be seen. (d) STEM and (e), (f) EDS mapping images of after cycled EB-1 
electrode. For the TEM and STEM images, EB-1 electrode was selected to clearly distinguish 
the pulverized Si from the Super-P.

Fig. S24 (a) Galvanostatic graph of 1st cycle at current density of 0.3C and (b) cycle 
performance of LiCoO2 (LCO) cathode half-cell between 2.5 and 4.5 V at the current density 
of 0.3C (1C=2.5 mAh cm-2).
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