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Fig. S1 Depth-dependent shear force profiles of pristine Si/Gr and Si/Gr-ISAA electrodes
measured by SAICAS.
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Fig. S2 Load-stroke profiles of pristine Si/Gr and Si/Gr-ISAA electrodes measured by UTM
peel testing.
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Fig. S3 Cycling performance of Si/Gr composite anodes with different ISAA contents.
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Fig. S4 Equivalent circuits for the Nyquist plots. (a) Randles circuit and (b) dual-interface
model including Rgg; and CPEgg; for SEI layer characterization. Ry, R and W denote ohmic
resistance, charge transfer resistance, and Warburg impedance, respectively.
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Fig. S5 XPS analysis of the pristine SVBS film. (a) Na 1s spectrum. (b) Li 1s spectrum. (¢) S
2p spectrum.
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Fig. S6 XPS analysis of the pristine SVBS film. (a) Na 1s spectrum. (b) Li 1s spectrum. (¢) S
2p spectrum.



Fig. S7 Non-uniform lithium deposition observed on the pristine Si/Gr electrode after 30
cycles.
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S8 Uniform lithium deposition observed on the Si/Gr-ISAA electrode after 30 cycles.
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Fig. S9 Full-cell cycle performance of (a) pristine Si/Gr and (b) Si/Gr-ISAA electrodes at a
C-rate of 0.5C.
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Fig. S10 Full-cell cycle performance of (a) pristine Si/Gr and (b) Si/Gr-ISAA electrodes at a
C-rate of 1C.
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Fig. S11 DRT analysis of pristine Si/Gr electrode (a) charge (b) discharge cycle.
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Fig. S12 DRT analysis of Si/Gr-ISAA electrode (a) charge (b) discharge cycle.
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Fig. S13 GITT analysis of (a) pristine Si/Gr and (b) Si/Gr-ISAA electrodes.



Table S1. Summary of electrode design parameters for the Si/Gr composite anode and
corresponding full-cell configuration, including areal capacity, N/P ratio and electrolyte
amount.

Parameter Unit Cathode Anode
Active material loading mg cm 15.9 6.6
Electrode density gcm™ 3.0 1.5
Specific capacity mAh g! 200 530
Areal capacity mAh cm™ 3.18 3.5
Full-Cell
N/P ratio - 1.1
Electrolyte amount pL 50

E/C ratio uL mAh! 20




Governing Equations

The electrolyte-phase mass conservation in the P2D framework is governed by:

dCe/dt = V(D,, fVCe) +(1 _tLi+)asjBV/F 0

where C, is the electrolyte Li* concentration, D, is the effective electrolyte diffusion coefficient,

Li* is the cation transference number, a; is the specific interfacial area, jgy is the Butler—Volmer

reaction current density, and F is the Faraday constant. The source term is directly proportional to the

t

t
factor ( Li 7)), which represents the fraction of ionic current carried by the anion. Thus, increasing Li ™

directly reduces the rate of electrolyte concentration depletion during galvanostatic operation.

At steady state (Oc./0t = 0), the local concentration gradient scales linearly with the applied current
density and inversely with D, .. The concentration depletion AC, = C g — Ce min at the current collector

t
is proportional to (1 — "), yielding a theoretical depletion ratio between two systems with different
[

AC, pristine/ ACyjsan = (1 = t /(A -t ) =080/041 = 1.951

Li T, Pristine

2

Model parameters

Two electrode configurations were compared: a pristine electrode and an ISAA-modified electrode.
t
The key distinction is the enhanced cation transference number ( % * = 0.59) achieved by the ISAA

additive, compared to the conventional liquid electrolyte value (tLi * =0.20). This increase is attributed
to the selective immobilization of anions by the ISAA framework, which restricts PFs~ mobility while
maintaining Li* transport pathways!-2. Additionally, the ISAA electrode exhibits a lower charge transfer
resistance (R = 80 Q-cm? vs. 181.5 Q-cm?), corresponding to a higher exchange current density (iy =
0.183 A m? vs. 0.081 A m2). The remaining model parameters are summarized in Table S2 of the
main text.

Parameter Symbol Value Unit
Initial electrolyte conc. Ceo 1150 Mol m™3
Electrode thickness Licg 47 um
Separator thickness Leep 20 pm
Effective diffusivity De et 427 x 101 m?s!
Tonic conductivity Keefr 0.140 Sm™!
1C current density Iic 35 Am?
Transference no. (Pristine) t Lt 0.20 -
Transference no. (ISAA) t Lt 0.59 -

Table S2. P2D Model Parameters
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