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Fig. S1 (a) N 1s, (b) O 1s, and (c¢) Zn 2p high-resolution XPS spectra of PCZn and PAA.
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Fig. S2 Calculated energy of gradient hydrogen bonds.
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Fig. S3 Calculated energy of covalent bonds.
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Fig. S4 Zeta potential of PAA, PAA-COS, PAA-ZnGa, and PCZn.
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Fig. SS EIS results for the calculation of ionic conductivity of different binder films.
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Figure S6. Chronoamperometry profiles of Li|PCZn|Li, Li
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figures are Nyquist plots of cells and corresponding equivalent circuits.
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Figure S7. The swelling rate of PCZn and PAA films in the electrolyte
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Fig. S8 Young's modulus distribution of Si-PCZn and Si-PAA.
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Fig. S9 Adhesion distribution of Si-PCZn and Si-PAA.
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Fig. S10 Dissipation distribution of Si-PCZn and Si-PAA.
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Fig. S11 FTIR spectra of electrolyte and electrolyte with PCZn.
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Fig. S12 Raman spectra of the electrolyte and electrolyte with PCZn.
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Fig. S13 Contact angles of electrolyte on Si electrodes with PCZn and PAA binders at 0 s.
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Fig. S14 Coulombic efficiency of Si-PCZn and Si-PAA electrodes within 10 cycles.
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Fig. S15 Long-time cycling stability at 1 C of the Si-PCZn, Si-PAA/COS, and Si-PAA/ZnGa

electrodes.
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Fig. S16 EIS spectr after 100 cycles at different current densities of Si-PCZn and Si-PAA

EIS fitting data values of Si-PCZn at different current densities

Binder Different Ret (Q) Rse (Q)

current densities

PCZN 1A/g 141 60
8 Alg 128 71

PAA 1A/g 232 150
8A/g 598 309

The Si-PCZn electrode demonstrates exceptional interfacial stability. After cycling at 8 A g*,
its charge-transfer resistance (Rct) slightly decreases and its SEI resistance (Rsei) increases
only minimally, resulting in a nearly unchanged total interface impedance compared to its state
at 1 A g'. This confirms the formation of a stable, highly conductive interface.

In stark contrast, the Si-PAA electrode suffers severe interfacial degradation at 8 A g, with
Rsei and Rct increasing by ~106% and ~158%, respectively. The Rct becomes the major

impedance component (598 ), identifying severely hindered charge-transfer kinetics as the



primary performance bottleneck. The concurrent surge in Rsei further indicates the formation
of a thick, resistive SEI under high-rate stress.

Thus, at ultra-high current densities, the primary limitation for conventional binders is drastic
charge-transfer kinetic degradation, exacerbated by an unstable SEI. Our Si-PCZn binder

effectively mitigates both issues.
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Fig. S17. Radar chart of ICE, Adhesive strength, Modulus, Peeling Force and Ionic

conductiviyies of different binders.
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Fig. S18 Cycling performance of Si-PCZn|[NCMS811 and Si-PAA|NCMS811full cells at 1C.
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Fig. S19 Equivalent circuit used for fitting the EIS spectra.
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Fig. S20 CV curves of Si-PAA at different sweep rates from 0.1 to 1 mV-s™!,
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Fig. S21. Separation of the capacitive and diffusion currents in the Si-PCZn and Si-PAA

electrodes at 1.0 mV s
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Fig. S22 Capacitance contribution of the Si-PAA electrode at various sweep rates.
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Fig. S23. High-resolution XPS spectra of C 1s from the cycled Si electrodes.
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Fig. S24 High-resolution XPS spectra of O 1Is from the cycled Si electrodes.
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Fig. S25 Charge density difference of PAA and COS.
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Fig. S26 Cross-section SEM images of Si-PCZn and Si-PAA electrodes.



Fresh After 50 cycles After 200 cycles

PCZn

PAA

Fig. S27 Surface SEM images of Si-PCZn and Si-PAA electrodes.
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Fig. S28AFM images of the Si-PCZn electrodes before and after 50 cycles.
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Fig. S29 AFM images of the Si-PAA electrodes before and after 50 cycles.
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Fig. S30 SEM image and size distribution of SiNPs.
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Fig. S31 XRD patterns of SiNPs.



Table S1. Comparison of specific capacity, cycle numbers, and current density of the Si-

PCZn electrode with previously reported Si-based anodes.

Si-based Specific Cycle Current Reference
anodes capacity numbers density

(mAh-g™) (Agh
PCZn 1210 450 3 This work
TA-c-PAA 1742 450 1 1
PTBR 1968 200 2 2
CSS 1600 240 0.8 3
GG-g-PAM 750 500 2 4
Li,PAA 922 400 0.5 5
GG-g-PAA 2137 220 2.1 6
PAA-TA 1025 250 0.5 7

CGG 1138 200 1 8




Table S2. EIS fitting data values of different binders after different cycles

Binder Different cycles Ret (Q) Rse (Q)
PCZN Fresh 12 16

10t 127 79

20t 147 90

50t 190 104

100t 227 106
PAA Fresh 15 20

10t 140 94

20t 164 87

50t 229 148

100th 432 260
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