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Figure S1: Electron micrographs of BPs used in this study at different magnifications.
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Figure S2: a) EIS spectra of all electrode at 0.1V for the first irreversible cycles. b) and ¢) Zoomed in for
better viewing
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Figure S3: The EIS data for 1-25 cycles for a) Bucky b) Cu/C and c¢) Cu/graphene electrodes.
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Figure S4: Equivalent circuit model used for fitting EIS data. Here R,, R,, and R, are the resistance due to
bulk electrolyte, SEI layer and charge transfer. O and O, are respective constant phase elements.

Table S1: Fitting results of each component from equivalent circuit used in Figure S1.

Electrode Cycle# | R, (Q) | Re(Q) | R.(Q) | Ou(F.SY) | au 0.(F.S8Y |a
0 275 | 117|265 5.58E-05 | 0.75 0.125 0.57
1 223|182 |30 5.71E-05 | 0.86 0.072 0.49
Bucky Sandwich | 5 23 |15 8.4 5.20E-04 | 0.67 0.640 0.72
10 201 |94 4.4 1.99E-04 | 0.76 0.049 0.81
25 323|259 |386 7.02E-04 | 0.52 0.072 0.80
0 293 319 [553 7.06E-05 | 0.63 0.0557 0.58
1 255 229 |467 9.66E-05 | 0.75 0.071 0.82
Bucky 5 21 |74 57.3 1.22E-04 | 0.86 0.040 0.57
10 265 |87 57.9 1.39E-04 | 0.83 0.038 0.54
25 268 214 |276 1.34E-03 | 0.43 0.179 0.92
0 366.0 | 798.5 |1861.0 | 1.96E-05 | 0.51 7.96E-04 | 0.54
1 379.0 6529 |1508.0 | 1.55E-05 | 0.56 1.19E-03 | 0.46
Bare Cu 5 361.0 | 618.4 |1349.0 | 1.42E-05 |0.57 1.16E-03 | 0.49
10 367.0 | 656.5 |1349.0 | 1.30E-05 | 0.58 1.10E-03 | 0.51
25 390.0 | 643.6 | 1413.0 | 1.39E-05 | 0.57 8.18E-04 | 0.56
0 34 315.6 | 278.8 | 4.06E-05 | 0.625 1.30E-02 | 0.60
1 40.15 |359.0 |239.6 | 5.40E-05 | 0.6195 1.02E-02 | 0.5-
Cu/C 5 4128 955 |242.8 1.01E-04 | 0.6417 7.00E-03 | 0.42
10 3239 |42.6 | 1373 | 2.14E-04 | 0.6239 2.18E-02 | 0.35
25 30.68 [ 58.7 |121.5 1.61E-04 | 0.592 2.44E-02 | 0.33
0 4455 |313.0 |636.5 | 3.55E-05 | 0.5373 1.28E-02 | 0.45
Cu/Graphene 1 38.59 |204.7 [590.9 | 5.28E-05 | 0.5849 4.56E-03 | 0.25
5 43.09 | 1244 |5942 | 7.32E-05 | 0.605 1.01E-02 | 0.39
10 4406 | 71.1  |3573 1.25E-04 | 0.6034 1.60E-02 | 0.53
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Bucky Sandwich
Bucky

Bare Cu
Cu/C
Cu/Graphene

0.8 Hil

+ PO -

0.6

Voltage (V)

0.4

0.2

1 1 1
0 100 200 300 400 500 600 700

Gravimetric Capacity (mAh/g)

Figure S5: Charge and discharge profiles for all electrodes for 25" cycle at 0.1C rate
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Figure S6: Discharge curves for all the electrodes in this study showing irreversible capacity loss. The
inset shows a magnified view of the discharge curves <120 mAh/g
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Figure S7: Volumetric rate capability tests of coin cells made of electrodes used in this study, (b)
Cyclability of electrodes used in this study at 0.1C rate

Table S2: A table comparing the initial and final capacities of Bucky sandwich electrodes with other Si-
based electrodes of similar mass density

Material SiNPs Mass | Operating Initial / Cycle/ Ref.

diameter | loading |Voltage (V) Final Current

(nm) | (mg/cm?) capacity density

(mAh/g) (mA/g)

Bucky paper/Si/Bucky paper sandwich 30 1.0 0.01-1.0 2900/1635 100/420 | This work
Graphene/ Si nanocomposite 50 1.0 0.01-1.0 1050/815 100/500 !
Si/ Np-doped C/ CNT sphere 50 0.8-1.0 | 0.01-1.5 1380/1031 100/500 2
3D Si/C fiber paper electrode <100 0.95 0.02-1.5 1600/1178 100/500 3
3D Si/C fiber paper electrode <100 1.22 0.02-1.5 1600/1267 100/500 3
Porous carbon matrix-Si 15 0.5-1.0 | 0.01-1.2 1215/1249 100/500 4
Mesoporous Si@SiO, NA 0.7-1.2 | 0.005-1.5 | 2789/1470 100/360 3
Adhesive polymer binder-Si 70 1.2 0.01-3.0 2811/2080 100/360 6
PAA binder-Si 70 1.2 0.01-3.0 2811/1068 100/360 6
Mesoporous carbon-Si/C 50-200 | 1.0-2.0 | 0.01-1.5 751/581 100/200 7
N, rich porous carbon framework-Si 30 1.0 0.01-1.5 1470/1103 100/100 8
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