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Scheme S1. Synthetic procedure for the chitosan-grafted-PAAA (CS-g-PAAA).
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Figure S1. XRD pattern of silicon powder used.
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Figure S2. IR spectra of (a) CS (black line), CS-g-PAAA-8:1 (blue line), CS-g-PAAA-4:1 (dark 
cyan line) series and PAAA (orange line) and (b) commercially available CS (black line), CS 
from crab shell (violet line) and chitin extracted from crab shell (pink line).

Table S1. Main peaks of the IR spectra of CS, CS-g-PAAA and PAAA.

Wavenumber (cm-1)
Assignment

Chitosan CS-g-PAAA PAAA

Amide C=O stretch 1654 1652 -

Amide N-H bend 1592 -

Quinoid C=C stretch -
1584-1600

1584

Benzenoid C=C stretch - 1492-1506 1492

Glycosidic C-O-C stretch 1150 -

Aromatic C-H in-plane bend -
1140-1150

1140

Carbonyl C-O stretch 1058, 1026 1058, 1026 -
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Table S2. TGA data (remaining mass % and degradation %) of PAAA and CS-g-PAAA series 
and HCl treated chitosan.

Remaining mass %

Binder 180 ℃ 320 ℃ 700℃

180 ℃ - 320 

℃Degradation%

PAAA 97.21 90.13 44.67

CS-g-PAAA-4:1 92.85 56.97 36.35

7.283

35.41

CS-g-PAAA-8:1 92.54 51.78 34.45

HCl treated CS 90.10 46.75 28.05

44.05

48.11
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Figure S3. Rate capabilities of Si@CS, Si@CS-g-PAAA-8:1 and Si@CS-g-PAAA-4:1 
electrodes at current densities varying between 0.1 C and 5 C.
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a) Si@CS 

b) Si@CS-g-PAAA-8:1

c) Si@CS-g-PAAA-4:1

gure S4. SEM-EDS mapping images of (a)Si@CS, (b)Si@CS-g-PAAA-8:1 and (c) (b)Si@CS-
g-PAAA-4:1 electrodes.
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a                                     b

CS after 30 cycles                       Si@CS-g-PAAA-8:1 after 30 cycles

c d

Si@CS after 50 cycles Si@CS-g-PAAA-8:1 after 50 cycles

Figure S5. SEM-EDS mapping images of (a) Si@CS and (b) Si@CS-g-PAAA-8:1 after 30 
cycles; (c) Si@CS and (d) Si@CS-g-PAAA-8:1 after 50 cycles.

(a) (b)

Figure S6. Solubility test results for (a) CS (left) and CS-g-PAAA 8:1 (right) binders in 1 M 
CH3COOH before tilting and (b) after tilting. After tilting the parent solids sticking to the vial 
are visible.
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Table S3. Comparison of the electrochemical performance for the Si electrodes fabricated by our 

novel binders with other representative binders.

Binder Electrode mass loading Current density Electrode performance Ref.

CS-g-PAAA-8:1 0.67 mg cm-2 2.1 A g-1
1546 mAh g-1 @ 100th cycle

1301 mAh g-1 @ 300th cycle
This work

PDA-PAA-PEO 0.4 mg cm-2 2.1 A g-1 1597 mAh g-1 @ 200th cycle 1

Na-CMC unknown 2.1 A g-1 1000 mAh g-1 @ 100th cycle 2

PAA-PEGPBI 1.0~1.3 mg cm-2 2.1 A g-1 1221 mAh g-1 @ 50th cycle. 3

PVA-PEI 3~4.5 mg cm-2 1 A g-1 1063 mAh g-1 @ 300th cycle 4

PVTES-NaPAA 0.5 mg cm-2 840 mA g-1 2077 mAh g-1 @ 100th cycle 5

NaPAA-g-CMC 0.45 mg cm-2 for Si 840 mA g-1 1816 mAh g-1 @ 100th cycle 6

PAL-NaPAA 0.7 mg cm-2 840 mA g-1 1914 mAh g-1 @ 100th cycle 7

CS-CG+GA 0.4 mg cm-2 420 mAh g-1 2345 mAh g-1 @ 100th cycle 8

PAA/PANI IPN 1 mg cm-2 420 mAh g-1 2205 mAh g-1 @ 300th cycle 9

PEDOT:PSS/CMC ~1mg cm-2 for Si 420 mAh g-1 1834 mAh g-1 @ 100th cycle 10

PVA-g-PAA 0.5-0.6 mg cm-2 400mAh 1315 mAh g-1 @ 1000th cycle 11

PEEM 0.2 mg cm-2 for Si 375 mA g-1 3000 mAh g-1 @ 50th cycle 12

PPQ 0.8 mg cm-2 358 mA g-1 2826 mAh g-1 @ 50th cycle 13

PANi 0.3~0.4 mg cm-2 300 mA g-1 2100 mAh g-1 @ 70th cycle 14
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