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Figure S1. (a) Low magnification TEM image of the SiNPs used in this study. (b-c) High 

magnification TEM image of the SiNP surface at different positions. The high magnification 

images indicate that the particles are crystalline with a distinguishable oxide layer with 

thickness between 2 and 5 nm.  
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Figure S2.  XPS Si 2p core-level spectra of the SiNPs without (lower spectrum) and with 

exposure to formic acid (upper spectrum). Both samples exhibit a major component at a 

binding energy of 99.3 eV, which is associated with elemental silicon. An additional 

component at ~101 eV indicates that roughly 10% of the SiNPs’ atoms are oxidized in both 

cases. The only significant difference between the SiNPs with and without the FA treatment 

is the increased amount of silicon carbide formation, as indicated by the component at 100 

eV. 



 

Figure S3. Wide view SEM (a & b) with energy-selective backscatter (EsB) mapping images 

of the corresponding areas (c & d) for the PEDOT:PSS/SiNP and CB/Li-PAA/SiNP 

electrodes, respectively. 

Table S1. Sample preparation conditions for 20% PEDOT:PSS/SiNP electrode with different 

FA loadings up to 20 % (relative to the volume of PEDOT:PSS solution).  

Sample condition PEDOT:PSS content PEDOT:PSS solution SiNP powder FA 

0 % FA addition 20 wt% PEDOT:PSS 1 ml (11 mg PEDOT:PSS) 99 mg - 

1 % FA addition 20 wt% PEDOT:PSS 1 ml (11 mg PEDOT:PSS) 99 mg 0.01 ml  

2 % FA addition 20 wt% PEDOT:PSS 1 ml (11 mg PEDOT:PSS) 99 mg 0.02 ml 

5 % FA addition 20 wt% PEDOT:PSS 1 ml (11 mg PEDOT:PSS) 99 mg 0.05 ml 

10 % FA addition 20 wt% PEDOT:PSS 1 ml (11 mg PEDOT:PSS) 99 mg 0.10 ml 

15 % FA addition 20 wt% PEDOT:PSS 1 ml (11 mg PEDOT:PSS) 99 mg 0.15 ml 

20 % FA addition 20 wt% PEDOT:PSS 1 ml (11 mg PEDOT:PSS) 99 mg 0.20 ml 

 



 

Figure S4. Lithiation/delithiation profiles for a PEDOT:PSS-only electrode during repeated 

cycling. The charge and discharge protocol used is the same as for the composite electrodes 

(see Methods). 

 

Table S2. 1
st
 cycle capacities for 20% PEDOT:PSS/SiNP electrodes with different FA 

additions. 

Sample name 
1

st
 Lithiation capacity 

(mAh/g) 

1
st
 Delithiation 

capacity (mAh/g) 

1
st
 Irreversible capacity 

(mAh/g) 

0% FA addition 3325 2389 936 

5% FA addition 3436 2635 801 

10% FA addition 3685 2854 831 

 



 

Figure S5. SEM and EDX maps for silicon and sulfur atoms for a 20 wt% PEDOT:PSS/SiNP 

composite film prepared with FA (a) as well as equivalent samples that have been exposed to 

5% (b) and 10% FA (c).  



 

 

Figure S6. (a, b) Optical microscopy images of PEDOT:PSS/SiNP samples prepred without 

FA. The area over which Raman maps were acquired is marked in red. (c) Average Raman 

spectrum extracted from mapped region. (d) Raman map of silicon peak sum (~520 cm
-1

). (e) 

Raman map of the symmetric stretching mode of the aromatic C=C band in PEDOT (~1435 

cm
-1

). (f) Overlaid map of silicon and PEDOT sum showing good mixing.  

  



 

 

 

 

Figure S7. (a, b) Optical microscopy images of PEDOT:PSS/SiNP sample prepared with 20% 

FA. The area over which Raman maps were acquired is marked in red. (c) Average Raman 

spectrum extracted from mapped region. (d) Raman map of silicon peak sum (~520 cm
-1

) (e) 

Raman map of the symmetric stretching mode of the aromatic C=C band in PEDOT (~1435 

cm
-1

). (f) Overlaid map of silicon and PEDOT sum showing good mixing.  
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Figure S8. Average Raman spectra for pure PEDOT:PSS samples samples with different FA 

loading fractions normalized in intensity to the peak at @ 1435 cm
-1

. All samples show a 

characteristic PEDOT:PSS signal with no change discernible change in peak position or 

relative intensities seen for different samples.



 

Figure S9. Photographic images of (a-c) 35 wt % PEDOT:PSS/SiNP electrode and (d-e) 

PEDOT:PSS electrode indicating cracking and mechanical adherence issue. The 35 wt % 

PEDOT:PSS/SiNP electrode was highly crumpled after the vacuum drying process (a-b) then 

cracked during flattening (c). This could be possible due to the relatively higher content of 

PEDOT:PSS; the PEDOT:PSS coated onto Cu foil can be easily peeled off from the substrate 

(d and e). 

Table S3. Sample preparation conditions for the different PEDOT:PSS contents.  

PEDOT:PSS content 
Avg. mass loading 

(mg/cm
2
) 

Avg. thickness 

(um) 

Avg. electrode density 

(g/cm
3
) 

5 wt % PEDOT:PSS 1.191 26.5 0.449 

10 wt % PEDOT:PSS 1.085 21 0.517 

15 wt % PEDOT:PSS 1.137 20.5 0.555 

20 wt % PEDOT:PSS 1.016 17.5 0.581 

25 wt % PEDOT:PSS 0.991 16.5 0.601 

30 wt % PEDOT:PSS 1.167 19 0.614 

 

 

 



Porosity Calculation: 
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Figure S10. Lithiation/delithiation profiles for the Li-PAA/CB/Si tri-component electrode and 

the SiNP:PEDOT:PSS bi- component electrodes at the (a) 1st, (b) 50th, and (c) 100th cycles. 

Here we used CC-CV lithiation and following CC delithiation mode instead of conventional 

CC lithiation/delithiation mode. At the initial cycle (a) all the  electrodes were first lithiated at 

1000 mA/g (0.28 C-rate) and held at 0.005 V until the current decayed to 100  mA/g. 

Following this the electrodes were delithiated at 1000 mA/g until a 1.2 V cutoff was reached. 

After initial cycle, the electrodes were cycled at the twice faster condition (CC lithiation of 

2000 mA/g (0.56 C-rate), CV until 200 mA/g, and following CC delithiation of 2000 mA/g) 

within the same potential windows (1.2 ~ 0.005 V). 



Table S4. Electrode information for 20% PEDOT:PSS electrodes with various thickness. 

Sample name Mass loading (mg/cm
2
) Thickness (um) Density (g/cm

3
) 

20 wt% PEDOT:PSS – 0.4 mg 0.438 7.5 0.584 

20 wt% PEDOT:PSS – 0.8 mg 0.788 14 0.563 

20 wt% PEDOT:PSS – 1.0 mg 1.016 17.5 0.581 

20 wt% PEDOT:PSS – 1.5 mg 1.494 26 0.575 
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Figure S11. Specific capacity of a 20 wt % PEDOT:PSS/SiNP samples cycled over a longer 

duration (over 500th cycles) at constant current density of 10 A/g (2.8C) or different current 

densities from 3 A/g (0.84C) to 10 A/g (2.8C). 
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Figure S12. Total electrode normalized capacity as a function of current density for a 20 wt 

% PEDOT:PSS/SiNP film with M/A=1.0 mg/cm
2
 at various current densities. Various 

literature data are also shown for comparison. See Table S5 for corresponding references 

(note all of these are from the larger M/A category).  

  



Table S5. Comparison of the electrochemical performances for Si electrodes fabricated by 

novel binder system with commercial SiNP. 

Type of binder Electrode composition 
Electrode mass 

loading  
Electrode performance 

Specific 

capacity 

normalized to 

total electrode 

Ref. 

High electrode loading mass over 1 mg/cm
2
 

PEDOT:PSS 

conducting polymer 

Si : PEDOT:PSS  

= 80 : 20 
0.4~1.5 mg/cm2 

1927 mAh/g @ 2 A/g, 100th  

 

2426 mAh/g @ 0.5 A/g, 50th 

2186 mAh/g @ 0.5 A/g,100th 

1547 mAh/g  

 

1941 mAh/g 

1749 mAh/g 

Our 

work 

Ca-Alginate binder 
Si : Ca-Alginate : CB 

70 : 15 : 15 
1.1 mg/cm2 

~3000 mAh/g @ 0.42 A/g, 100th 

2522 mAh/g @ 0.42 A/g, 500th  

2100 mAh/g 

1766 mAh/g 

1
 

PAA/PANI IPN 

conducting polymer 

Si: PAA/PANI IPN 

= 60 : 40 
~ 1 mg/cm2 

~ 2750 mAh/g @ 0.42 A/g, 100th 

2205 mAh/g @ 0.42 A/g, 300th  

1650 mAh/g 

1323 mAh/g 

2
 

Self-healing binder 
Si : CB : self-healing binder  

= 63.3 : 3.3 : 33.3 
0.1~1.6 mg/cm2 

2407 mAh/g @ 0.265 A/g, then 

0.088 A/g, 120th  
1524 mAh/g 

3
 

PEDOT:PSS 

conducting agent + 

CMC binder 

Si : CB: PEDOT:PSS : CMC  

= 70 : 10 : 10 : 10 
~ 1 mg/cm2 1834 mAh/g @ 0.2 A/g, 100th  1284 mAh/g 

4
 

SPEEK-PSI-Li binder 
Si : CB : SPEEK-PSI-Li 

60 : 20 : 20 
~ 1.2 mg/cm2 2090 mAh/g @ 0.4 A/g, 50th  1254 mAh/g 

5
 

PPyE conducting 

polymer  

Si: PPyE  

= 66.6 : 33.3 

1.34 mg/cm2 

(0.15~0.3 mg/cm2) 

~1800 mAh/g @ 0.17 A/g, 40th 

(~2300 mAh/g @ 0.42 A/g, 180th) 

1200 mAh/g 

(1532 mAh/g) 

6
 

PAA-PVA gel polymer 

binder 

Si : CB : PAA-PVA binder  

= 60 : 20 : 20 
2.4 mg/cm2 ~1800 mAh/g @ 4 A/g, 50th  1080 mAh/g 

7
 

CNT and PEDOT:PSS 
Si : CNT/PEDOT 

= 57 : 43 
~ 2 mg/cm2 1802 mAh/g @ 0.42 A/g, 100th  1027 mAh/g 

8
 

CMC 
Si : CB : CMC 

= 33: 33: 33 
2 .26 ~ 2.83 mg/cm2 ~3000 mAh/g @ ~0.13 A/g, 100th 1000 mAh/g 

9
 

PAA 
SiO : CB : PAA 

= 80 : 10 : 10 
0.89 ~ 1.7 mg/cm2 ~700 mAh/g @ 0.1 A/g, 50th  560 mAh/g 

10
 

Meldrum’s acid 

incorporated polymer 

Si : CB : binder  

= 60 : 20 : 20 

0.9 mg/cm2  

for Si 

~ 500 mAh/g (normalized on total 

electrode mass) @ 3 A/g, 50th  
~ 500 mAh/g 

11
 

PVDF 
Si : CB : PVDF 

= 80 : 12 : 8 
2.6 mg/cm2 ~ 600 mAh/g @ 0.15 A/g, 50th  480 mAh/g 

12
 

Low electrode loading mass below 1 mg/cm
2
 

PEEM conducting 

polymer 

Si: PEEM 

= 66.6 : 33.3 
~0.2 mg/cm2 ~3000 mAh/g @ 0.375 A/g, 50th  1998 mAh/g 

13
 

PPQ conducting 

polymer 

Si:PPQ 

= 70 : 30 

~0.8 mg/cm2 

(0.55 mg/cm2 for Si) 
2823 mAh/g @ 0.358 A/g, 50th  1976 mAh/g 

14
 

PFFOMB conducting 

polymer  

Si: PFFOMB  

=  66.6 : 33.3 
~0.3 mg/cm2 

~2400 mAh/g @ 0.42 A/g, 100th 

~2100 mAh/g @ 0.42 A/g, 650th 

1598 mAh/g 

1400 mAh/g  

15
 

PANi conducting 

polymer 

Si:PANi 

= 75 : 25 
0.3~0.4 mg/cm2 

~2100 mAh/g @ 0.3 A/g, 70th 

~1200 mAh/g @ 1 A/g, 1000th 

1575 mAh/g 

900 mAh/g 

16
 

Mussel-inspired binder 

Si : CB : mussel-inspired 

binder  

= 60 : 20 : 20 

0.2~0.3 mg/cm2 
~2500 mAh/g @ 2.1 A/g, 150th  

~2000 mAh/g @ 2.1 A/g, 400th 

1500 mAh/g 

1200 mAh/g 

17
 

Hyperbranched β‑

Cyclodextrin Polymer 

Si : β‑CDp : CB 

= 60 : 20 : 20 

0.3~0.6 mg/cm2  

for Si 

~ 1500 mAh/g (normalized on total 

electrode mass) @ 4.2 A/g 100th 
~ 1500 mAh/g 

18
 

Native xanthan gum 

binder 

Si : CB : gum binder  

= 60 : 20 : 20 
~ 0.3 mg/cm2 

~2400 mAh/g @ 3.5 A/g, 100th 

2150 mAh/g @ 3.5 A/g, 200th  

1440 mAh/g 

1290 mAh/g 

19
 

Arabic gum binder 
Si : CB : arabic binder 

50 : 25 : 25 
0.3 mg/cm2 for Si 2708 mAh/g @ 0.42 A/g, 100th  1354 mAh/g 

20
 

PFM binder 
Si : CB : PFM 

= 50 : 20 : 30 
0.16 ~ 0.23 mg/cm2 ~2500 mAh/g @ 0.17 A/g, 30th 

1200 mAh/g @ 

30th 

21
 



Unknown electrode loading mass 

PAI binder 
Si : CB : PAI 

= 84: 6: 10 
Unknown ~1700 mAh/g @ 0.42 A/g, 20th 1428 mAh/g 

22
 

c-PAA-CMC binder 
Si : CB : c-PAA-CMC 

= 60 : 20 : 20 
Unknown ~ 2000 mAh/g @ 0.3 A/g, 100th 1200 mAh/g 

23
 

Alginate binder 
Si : CB : alginate binder  

= 63.75 : 21.25 : 15 
Unknown 1700 mAh/g @ 4.2 A/g, 100th  1084 mAh/g 

24
 

Alginate binder 
SiC : CB : alginate binder  

= 53 : 18 : 29 
Unknown 1822 mAh/g @ 0.42 A/g, 120th  966 mAh/g 

25
 

PAA binder 
Si : CB : PAA  

= 43 : 42 : 15 
Unknown ~2000 mAh/g @ 2.1 A/g, 100th 860 mAh/g 

26
 

PAA-co-PVA 
Si : PAA-c0-PVA : CB 

= 60 : 20 : 20 
Unknown 1250 mAh/g @ 0.2 A/g, 80th  750 mAh/g 

27
 

Na-CMC binder 
Si : CB : Na-CMC 

= 40: 40: 20 
Unknown ~1000 mAh/g @ 2.1 A/g, 100th  400 mAh/g 

28
 

 

 

Figure S13. (CLith – CDelith)/CLith (Coulombic inefficiency) vs. cycle number. 

 



 

Figure S14. Nyquist plots for SiNP/CB/Li-PAA electrode and SiNP/PEDOT:PSS electrodes 

at 50
th

 and 100
th

 cycles. 
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