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Supplementary Tables and Figures 

 

Fig. S1 Structure of the nano Si: a XRD pattern b SEM image c TEM image and 

HRTEM image of pristine Si nanoparticles. The HRTEM image indicate that the 

particles are crystalline with a distinguishable oxide layer with thickness of 6.5 nm. 
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XRD patterns in Fig. S1 show that all the peaks can be indexed to cubic crystalline Si 

(JCPDS No. 5-565). From SEM and TEM images, it can be found that the size of Si 

nanoparticles is about 80 nm. HRTEM image in Figure S1d indicates the interplanar 

distance of 0.31 nm which can be ascribed to the (111) plane of Si and a layer of 

amorphous SiO2 was observed on Si nanoparticles. 

 

Fig. S2 a Galvanostatic charge and discharge test of electrodes of different 

crosslinking time from 0 to 120 min at 1.0 A g-1. ( Here, SGP stands for Si, GOPS and 

PEDOT: PSS electrode: the first number represents the amount of added GOPS (mg); 

the second number represents the crosslinking temperature (℃); and the third number 

represents the crosslinking time (min). For example, SGP-10-180-60 represents 10 mg 

GOP, and the electrode is crosslinked at 180 ℃ for 60 min.); b galvanostatic charge 

and discharge test of SGP electrodes of different crosslinking temperature at 1.0 A g-1; 

c galvanostatic charge and discharge test of SGP electrodes of different addition 

amount of GOPS at 1.0 A g-1. Voltage profiles of SGP-10-180-60 d, Si-PAA-SP e, 

and Si-PEDOT:PSS f electrodes at different current densities. Voltage profiles of 

SGP-10-180-60 g Si-PAA-SP h and Si-PEDOT:PSS i electrodes at 1.0 A g-1 

From Fig. S2a, the best cyclic stability is obtained when the crosslinking process was 

kept 60 min at 180oC and 10 mg GOPS added. After 200 cycles, the SGP-10-180-60 

electrode maintained a high reversible specific capacity of 1957.6 mAh g-1, the 

capacity retention is 70.8% compared with 889.7 mAh g-1 and 33.8% of SGP-10-180-

0 electrode, 1453.1 mAh g-1 and 54.1% of SGP-10-180-10 electrode, 732.5 mAh g-1 

and 27.2% of SGP-10-180-120 electrode. Subsequently, the crosslinking time was 

fixed to 60 min to explore the effect of different crosslinking temperature as shown in 
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Fig. S2b. The reversible specific capacities and capacity retention are 1183 mAh g-1 

and 42.9% of SGP-10-160-60 electrode. When the crosslinking temperature was 

increased to 200 oC after 200 cycles, 1685.4 mAh g-1 and 63.5% were remained, 

which is comparable to the SGP-10-180-60 electrode. Finally, the amounts of 

crosslinking agent have been investigated (Fig. S2c). When the adding amount of 

GOPS was changed to 5 and 20 mg, the specific capacities and capacity retention 

were 1511.4 mAh g-1 (54.4%) and 841.2 mAh g-1 (31.2%) after 200 cycles, 

respectively. The reason may be that 5 mg GOPS is not enough to fully cross-link 

PEDOT:PSS. It has been reported that the cross-linking procedure will reduce the 

ionic intrinsic conductivity of PEDOT:PSS, which may be the reason why the 

excessive addition of GOPS (20 mg) leads to the decreased cycle stability.  

As shown in Fig. S2d-f, these three electrodes have similar discharge platforms at 

~0.1 V and charge sloping plateaus from 0.1 to 0.6 V, corresponding typical lithiation 

and delithiation reactions. Among these electrodes, the SGP-10-180-60 electrode 

exhibits best rate capability, even at high current density of 8.0 A g-1, the SGP-10-

180-60 electrode shows high reversible capacity of ~760 mAh g-1. 

 

Fig. S3 Coulombic efficiency of Si-PEDOT:PSS electrode, SGP-10-180-60, electrode 

and Si-PAA-SP electrode at 1.0 A g-1 

 

Fig. S4 a Cyclic voltammograms of SGP-10-180-60 electrode at scan rate of 0.1 mV 

s-1; and b SGP-10-180-60 binder at scan rate of 0.1 mV s-1 
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The electrochemical process of electrodes was investigated. Cyclic voltammograms of 

SGP-10-180-60 electrode at scan rate of 0.1 mV s-1 over the potential range of 0.01 - 

2.0 V versus Li/Li+ are shown in Fig. S4a. The SGP-10-180-60 electrodes show 

typical lithiation and delithiation peaks of Si. In the first cathodic scan, two peaks at ~ 

1.1-1.4 V are observed, which are assigned to polymer binder, as shown in Fig. S4b. 

In addition, one peak at ~ 0 V is observed in the first cathodic scan, corresponding to 

conversion of Si to an amorphous LixSi phase. The peaks at 0.35 and 0.52 V in the 

anodic process could be ascribed to the conversion of LixSi to Si. 

Table S1 Fitting resistances based on fitting equivalent 

Electrodes RS RSEI Rct 

SGP-10-180-60 5.1 83.2 258.9 

Si-PEDOT:PSS 5.9 111.0 104.4 

Si-PAA-SP 6.9 171.1 22.6 

 

Fig. S5 Raman spectra for pristine PEDOT:PSS and after treatment with GOPS. Two 

samples show a characteristic PEDOT:PSS signal with no change discernible change 

in peak position or relative intensities seen for different samples. 

 

Fig. S6 SEM images of different electrodes after 100 cycles at 2.0 A g-1 before Ar+ 

etching: a, b Si-PEDOT:PSS; c,d SGP-10-180-60 
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Fig. S7 Si 2p spectra of XPS Ar+ etching depth analysis peak fitting of Si-

PEDOT:PSS a-d and SGP-10-180-60 e-h electrodes 

Table S2 Quantitative analysis of Si 2p XPS peak fitting 

Ar+ etch time (s) 
Si-PEDOT:PSS electrode SGP-10-180-60 electrode 

Si-Si (%) Si-O (%) Si-Si (%) Si-O (%) 

0s - - ~0 ~100 

500s 27.0 73.0 4.8 95.2 

1000s 37.0 63.0 6.9 93.1 

1500s 41.0 59.0 11.9 88.1 

2000s 40.0 60.0 13.7 86.3 

2500s 42.8 57.2 18.2 81.7 

3000s 41.4 58.6 20.0 80.0 
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Fig. S8 Changes of Si-Si/Si-O ratios with Ar+ etch time 

The XPS Ar+ etching depth analysis peak fitting and relevant quantitative analysis of 

Si-Si and Si-O were added in Fig. S8. With the increase of etching time, the Si-Si 

bond content of Si-PEDOT:PSS electrode increased from 27% to 40%, and after 

etching 1500 s, the content remained at 40%. While the Si-Si content of SGP-10-180-

60 electrode gradually increased from 0% to 20% with the etching time increase from 

0 s to 3000 s. 

 

Fig. S9 SEM images of NCM 523 electrodes 

 

Fig. S10 Cycling performance of NCM 523 cathode half-cell at 60 mA g-1 
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Fig. S11 Cycling performance of SGP-10-180-60 anode||NCM 523 cathode full-cell 

at 20 mA g−1 
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