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Table S1: The constraints used within casaXPS for the assigned peaks for Fig. 1. Similar peak

positions found in literature are also shown. Literature positions following

()

were obtained from

the figures binding energy axis as the binding energy value were not stated. Literature reference
numbers used within the table refer to references given on the right.

Peak position constraint (eV)

FWHM constraint (eV)

Values found in literature (eV)

LiG 283.5-281.0 0to2 282 [1] 281.9-282.0 [2]

C-C/C-H 285-284.6 0to2 284.8 [3] [4] 284.4 [2]

c-0 286.2-285.8 Same as C-C/C-H 285 [3] 286 [5] 285.5 [4] 286.1-286.2 [2]
Cc=0 287.5-285.9 Same as C-C/C-H 286.5 [7] ~286.5 [5] 288.7 [2]

0-C=0 288.7-288.3 Same as C-C/C-H ~288.9 [7] ~288.5 [5]

C03-2 290.2-289.8 Same as C-C/C-H ~290 [5] 292.9-293.3 [2]

Fluorocarbons 294-290 Same as C-C/C-H 287.2- 294.2 [6]

LiPFe 692.0-676.2 Same as LiyPFx/LiPFx(OR)y | ~688[7]

LiyPFx/LiPFx(OR)y 692.0-676.2 Oto2 ~686.6 [7] 687.0-687.5 [2]

LiF 692.0-676.2 Same as LiyPFx/LiPFx(OR)y | ~685 [7] 684.6 eV [1] 684.1-684.9 [2]

Table S2: Positions and FWHM of each peak used for the carbon 1s and fluorine 1s fitting for Fig. 1.
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Carbon 1s Peak Fittings Fluorine 1s Peak Fittings
LiG C-C/C-H c-0 Cc=0 0-C=0 Cco,> Fluorocarbons LiPFg LiyPFx/LiPFx(OR)y LiF
postion "M pogiion PV ol WM WM o WM o WM o WM | oo PWHM o ion FWHML  Peskposiion  FWH
(eV) (eV) (eV) (eVv) (eV) (eV) (eV) (eV) (eV)

XPs 281.2 0.9 284.9 1.2 285.8 1.2 287 1.2 288.7 12 2902 12 - - 688.6 1.8 686.9 1.8 685.2 1.8
ar HAXPES | 282 0.3 284.7 1.4 285.8 14 286.8 1.4 288.5 14 2902 1.4 - - - - 687.1 19 684.9 1.9
acr  XPS 283.2 0.8 284.9 13 286.2 13 287 13 288.7 13 290 13 - - - - 687.6 16 685 1.6
" Haxpes | 2833 1 284.7 1.6 286 16 287 1.6 288.6 16 2901 16 - - - - 687.5 1.8 684.9 1.8

XPS 283.1 0.6 284.7 15 286.1 15 287 15 288.7 15 2898 15 - - - - 686.8 1.9 685 19
B T axpes | 2831 13 284.6 15 285.9 15 286.8 15 288.7 15 2898 15 - - - - 686.7 2 684.7 2
EoL  XPS 282.9 16 284.9 1.4 286.1 14 287 1.4 2885 14 2899 1.4 - - 687.9 15 686.8 15 685.1 15
" Haxpes | 2825 1 284.7 1.7 286.1 17 286.8 17 288.7 17 2899 1.7 - - - - 687.1 19 685 1.9
EoL  XPS 282.7 0.6 285 15 286.2 15 287.1 15 288.7 15 2871 15 2915 15 688.6 1.8 686.9 18 685.2 1.8
m HAXPES 282.8 1.9 284.6 1.8 282.8 1.8 287.2 1.8 288.7 1.8 287.2 1.8 - - 687.3 1.7 686 1.7 684.6 1.7
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Fig. S1: Examples of the fittings applied to the graphitic Raman region (1200-1700 cm™) for EolL
at different stages of processing. Here 5 peaks were used after a linear background fit, 3
Voight shaped peaks for D4 (1150-1310 cm?), D (1320-1380 cm™) and D3 (1350-1450 cm™) and
2 Lorentzian shaped peaks for the G (1525-1590 cm™) and D’ (1590-1635 cm?). a) EoL exposed
to air for 1 hour b) EoL exposed to air for 4 weeks c) EoL exposed to air for 4 weeks then
delaminated via submersion into water d) EoL delaminated after 2 weeks of air exposure then
annealed to 500 °C for 1 hour.
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Fig. S2: XPS and HAXPES scans of QCR Il a) before and b) after washing with dimethylcarbonate (DMC). Both
were scanned before air exposure. Carbon 1s is shown on the left, fluorine 1s in the middle and manganese 2p
on the right. XPS scans are displayed above HAXPES scans taken of the same spot. Peak fittings are the same as
that given in.
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Fig. S3: 10 Raman spectra wer R before water submersion
and b) after. c) EolL before wat submersion and f) after.
The 10 scans were displaced ri ind are shown overlapping
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Fig. S4: 40 randomly dispersed Raman scans taken of a sample of MAGE3 powder.
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Fig. S5: Large SEM images at 250x magnification with a 5000x magnified SEM image in the top right of each. a) QCR after 1 h of air exposure. b) Water
delaminated QCR after 1 h of air exposure, showing the face that originally faced the separator and electrolyte. c) Water delaminated QCR after 1 h of air
exposure, showing the face that was attached to the current collector. d-e) Similar to (a-c) however for QCR after 1 week of air exposure for the top image and
delamination after 2 weeks for the bottom. An image of the face that was attached to the current collector was not acquired due to difficulties in delamination.
f-h) Shows QCR Il after 1 h of air exposure and delamination after the same time period. i-k) Shows Eol after 1 h of air exposure and delamination after the
same time period. |I-n) EoL after 1 week of air exposure and delamination after 2 weeks. 0-q) Shows EoL Il after 1 h of air exposure and delamination after the

same time period.
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Fig. S6: Elemental mappings were taken using a HITACHI TH4000plus SEM with an energy dispersive X-ray
spectroscopy (EDX) detector from AztecOne. The 15 kV backscattered electron mode was used. Shown above are the
two sides of anode film from 1 h air-exposed EolL after delamination. The top displays the side that faced the
electrolyte and separator, where only carbon and manganese concentrations were enough to be picked up via
elemental mapping. The images below shows PVDF binder keeping the graphite together on the side that faced the

current collector before the delamination.



Annealed QCRII

I b) EoL c) EoL Il d) EoL Il delaminated after 2 weeks of air exposure and annealing to 500 °C for 1 h.

EoL Il 1 hour annealed

Normalized mass concentration [%]
Spectrum Carbon Oxygen Fluorine Manganese
Spectrum1l 97.83 217
Spectrum2 7427 14.58 7.69 3.46
Spectrum 3 94.68 3.30 2.03
Spectrum4  97.53 247
Spectrum5 9519  2.89 1.92
Spectrum6  96.63 3.37
Spectrum?7 96.04  3.96
Spectrum& 9259 741
Spectrum9  93.93 2.83 3.23
Spectrum10 98.39  1.61
Spectrum 11 96.31 3.69

--
-- -

EoL Ill 2 weeks annealed

Ch1l 01/02/2023 18:51:40 20.0keV 1500x

Fig. S8: Elemental mappings were taken using a Zeiss EVO15 VP ESEM with an energy dispersive X-ray spectroscopy
detector. 20 kV backscattered electron mode was used. EoL Il after 1 hour of air exposure before delamination
followed by annealing at 500 °C for 1h hour is shown above and EoL Il after 2 weeks of air exposure before
delamination followed by the same annealing is shown below.

e Mean 93.94 439 372 3.46
Name Date Time Mag Siema 675 370 272 0.00
[kv] SigmaMean  2.04 112  0.82 0.00

Cch1l 01/02/2023 18:11:33 20.0keV 1500x

Normalized mass concentration [%]

Spectrum Carbon Oxygen Fluorine Manganese
Spectrum 1 92.63 6.74 0.64
Spectrum 2 94.77 4.34 0.90
Spectrum 3 95.21 4.79
Spectrum4  96.07 3.93
Spectrum5  96.53 3.47
Spectrum 6 92.84 7.16
Spectrum 7 86.56 3.59 1.25 8.60
Spectrum8 9441  4.18 1.40
Spectrum9 97.14 2.86
Spectrum 10 96.69 3.31

Mean 9428 444 107 3.55
Name Date Time Mag Sigma 3.12 1.44 0.25 4.39
[kv] SigmaMean  0.99 045  0.08 139



Annealed Anode Material
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Fig. S9: 10 Raman spectra for each anode film after annealing
to 500 °C for 1 h. 1 hour and 2 weeks refers to the time
exposed to air before water delamination.

a) QCR 11 1 h voltage profile b) QCR Il 2 wvoltage profile
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Fig. S10: Voltage profiles of 1 half-cell for both a) QCR Il 1 h and b) QCR Il 2 w. 20 cycles were conducted with the
first 5 represented in black at C/20 and the following 15 in blue at C/5. The solid black line represents the first cycle
and the irreversible capacity is represented by the orange block.




a) EoL 1 h voltage profile b) EoL 2 wvoltage profile
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Fig. S11: Voltage profiles of 1 half-cell for both a) EoL 1 h and b) EoL 2 w. 20 cycles were conducted with the first 5
represented in black at C/20 and the following 15 in blue at C/5. The solid black line represents the first cycle and
the irreversible capacity is represented by the orange and blue block.

a) EoL Il 1 h voltage profile b) EoL Il 2 w voltage profile
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Fig. S12: Voltage profiles of 1 half-cell for both a) EoL Il 1 h and b) EoL Il 2 w. 20 cycles were conducted with the first
5 represented in black at C/20 and the following 15 in blue at C/5. The solid black line represents the first cycle and
the irreversible capacity is represented by the orange block.



a) EoL Il 1 h voltage profile

b) EoL Il 2 w voltage profile
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Fig. S13: Voltage profiles of 1 half-cell for both a) EoL lll 1 h and b) EoL Il 2 w. 20 cycles were conducted with the
first 5 represented in black at C/20 and the following 15 in blue at C/5. The solid black line represents the first cycle
and the irreversible capacity is represented by the orange block.

1.5

Voltage (V)

0.5}

MAGE3

0 50 100 150 200 250 300 350 400
Capacity (mAh/g)

Fig. S14: Voltage profile of 1 half-cell made using MAGE3 graphite. 20 cycles were conducted with the first 5
represented in black at C/20 and the following 15 in blue at C/5. The solid black line represents the first cycle
and the irreversible capacity is represented by the blue block.



