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Anode Rinsing Procedure
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Figure S1. Evaluation of the effectiveness of rinsing the electrodes in DMC to remove excess
electrolyte. FTIR spectra are shown for a pristine anode, an anode soaked in electrolyte and
washed for 5 minutes in DMC once, an anode soaked in electrolyte and washed for 5 minutes in
DMC twice, and an anode soaked electrolyte and dried without washing. FTIR spectra of pure
EC and pure LiPFe are shown for reference.

Before collecting FTIR on cycled electrodes, excess electrolyte is typically removed by rinsing

in a pure solvent such as DMC. However, the washing procedure can also remove components of
the SEI, and aggressive rinsing procedures are generally avoided.!? As a simple control
experiment to test the effectiveness of the rinsing procedure, uncycled anodes were soaked in
electrolyte and washed with pure DMC for 5 minutes once and twice. FTIR spectra were
collected on the anodes after washing (Figure S1). While most of the electrolyte is removed after
5 minutes in DMC, two small bands near 1800 cm™ are attributed to the carbonate stretch in
residual EC. The EC is completely removed after washing for a second time for five minutes in
fresh DMC. Therefore, two 5-minute washes were adopted as the standard rinsing procedure for

cycled anodes.
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Laser Power Study
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Figure S2. Raman spectra taken from the same
location on a cycled Si-Gr anode with
increasing laser power.

To minimize damage from laser-induced heating, Raman maps were collected with the lowest
practical laser power of 100 uW (Figure S2). No signals from Si were observed if the laser power
was attenuated further to 10 uW. High laser power (>10 mW) caused the a-Si to partially
crystallize, as indicated by the emergence of the sharp band near 510 cm™ (Figure 7). The

crystallization temperature for a-Si is typically 600-700 °C.3®



Cycling Performance of NMC532 Cathode and Si-Gr Anode in Half Cells
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Figure S3. Voltage profiles during cycles 1,2, and 100 for (a) NMC532/Si-Gr full cell cycled
between 3.0 and 4.1 V (b) NMC532 half cell with lithium metal counter electrode cycled
between 3.0 and 4.2 V and (c) Si-Gr composite half cell with lithium metal counter electrode
cycled between 0.005 and 1.5 V. The cycling protocol for the half cells was similar to the full
cells without the DC resistance test. The half cells underwent 3 formation cycles at C/20 charge
and discharge rates, 94 aging cycles at C/3 rate, and 3 final cycles at C/20 rate.

Raman and XRD of NMC532 Cathode after 100 Cycles in the Full Cell
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Figure S4. Characterization of the structure of the NMC532 cathode before and after 100 cycles in

the full pouch cell. For comparison, the cycled cathode was fully discharged in a half cell with a
lithium metal counter electrode prior to analysis. (a) Raman spectra. (b) XRD patterns.

Polymer-Binder Interactions

Binders with carboxylic acid or carboxylate groups tend to perform better in silicon anodes, which
is often attributed to strong interactions between these functional groups and the surface of the
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silicon particles.”2° Various interactions have been described including hydrogen bonding® and
the formation of ester-type bonds with the Si surface.® Surface adsorption of polyacrylic acid and
polyacrylates is typically accompanied by shifts in the position of the carboxylate modes.**"** No
significant shifts in these modes are observed when comparing pure LiPAA to the composite anode
(Figure 3). However, the fraction of LiPAA binder (10 wt.%) in the composite anode is large
relative to the available surface area of the other solids, and most of the carboxylate groups cannot
bind to any surface. If all the available surface area in the fully delithiated anode were uniformly
covered with LiPAA, the polymer film would be around 15 nm thick. Alternatively, there are
approximately 100 carboxylate groups per nm? of surface area, which is much greater than the
number of carboxylic acid groups in a close-packed monolayer film (~ 5 COOH/nm?).}* Due to
the relatively small fraction of polymer that can interact with the surface, silicon-binder

interactions are difficult to probe in these electrodes.

Anode Washing After 100 Cycles
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Figure S5. FTIR spectra of Si-Gr anodes cycled 100 times and rinsed 5 min in DMC and 2 h in
DMC. FTIR spectra of pure EC and pure LiPFe are shown for reference. EC is not removed even
after 2 h in DMC, suggesting EC is trapped in a thick SEI layer that forms after 100 cycles.
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Comparison of SEI that Forms in Full and Half Cells
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Figure S6. FTIR spectra of Si-Gr anodes after 100 cycles in a full
pouch cell with an NMC532 cathode and 100 cycles in a half coin cell
with a lithium metal counter electrode. FTIR spectra of LIOCH.CHjs,
Li2C204, Li2COs, Li2SiOs, LisSiO4, and EC are also shown for
comparison.



Uniformity of c-Si to a-Si Phase Transition for Anodes Cycled in Full and Half Cells
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Figure S7. Raman maps of Si-Gr anodes after 100 cycles in a full pouch cell with an NMC532
cathode and 100 cycles in a half coin cell with a lithium metal counter electrode. Raman maps
were generated by deconvoluting each spectrum into the sum of the four components shown in
Figure 7. Small domains of crystalline silicon remain in both electrodes.

XRD Measurements of c-Si in Cycled Si-Gr Anodes

To verify that the presence of c-Si in the cycled electrodes was not an artifact of laser-induced
heating, XRD was also collected (Figure S8). The (002) diffraction peak of graphite serves as an
internal standard to normalize the patterns and facilitate comparison. The (111) peak from c-Si
decreases in intensity after cycling but does not disappear even after 100 cycles. The anode
cycled twice shows less c-Si than the anode cycled once, indicating that there is some cell-to-cell
variation. Overall, the XRD confirms the results from Raman spectroscopy that some of the
silicon does not participate in the alloy reaction with lithium and remains crystalline.
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Figure S8. (a) XRD patterns of Si-Gr anodes before and
after cycling (b) Expanded view of the pattern shown in
panel a to highlight the lower intensity peaks from Si
(112).
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