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(a)

Pouch Cell
- Test Holder

Figure S1. Photographs of (a) pouch cell testing holder, (b) force sensitive resistor, (c)
assembled testing holder, and (d) pressure loading calibration by a (d) Arduino
microcontroller.
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Figure S2. Differential capacity (dQ/dV vs. voltage) plots comparing the commercial
(black) and P,Os-modified (red) LiPFg electrolytes during the (a) 1%t cycle, (b) 10t cycle,
(c) 20™ cycle, and (d) 30% cycle. The major redox peaks for the cell using the
commercial electrolyte shift to higher voltages during charge (from 3.76 V in the 1
cycle to 3.96 V in the 30t cycle) and lower voltages during discharge (from 3.71 V in
the 1%t cycle to 3.27 V in the 30™ cycle). However, the redox peaks for the cell using
the P,O5 -modified electrolyte do not shift upon galvanostatic cycling.



(a)

Without H Decoupling

(b)

/ \ With H Decoupling

-189.5 -190 -190.5 -191 -191.5 -192 -192.5

19F chemical shift (ppm)

Figure S3. Liquid-state '°F single-pulse NMR measurements in the HF region (a)
without and (b) with 'H-'°F heteronuclear decoupling, both performed on the
commercial 1 M LiPFg electrolyte.
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Figure S4. Liquid-state 2D "F{3'P} HMQC through-bond correlation NMR
measurements on the P,Os-modifed LiPFq electrolyte, which establishes interactions
between (a) the '°F doublet at -61.1 ppm and 3'P signal at approximately -146 ppm, as
well as (b) the '°F doublet centered at -85.7 ppm and 3'P signal at -31.1 ppm. These '°F-
3P through-bond correlation experiments confirm the existence of the OPF,OPF5
anions (species “D” in Figure 2 and Table 1, main article). Additionally, the region in
(b) shows the 1°F-3!P through-bond correlation between the '°F signal centered at -86.0
ppm and 3'P signal at -20.8 ppm, associated with C,HsOPOF, (species “E” in Figure 2
and Table 1, main article). Chemical structures of these electrolyte species are labeled
with !°F and 3'P signal assignments.
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Figure S5. Liquid-state (a) 'H, and (b) '3C single-pulse NMR measurements of the
commercial (black) and P,Os-modifed (red) 1 M LiPF; electrolyte in EC/DEC (50/50
v/v). Integration of the relative '3C signal intensities reveal that the molar ratio of
DEC:EC is 0.57:1.0 and 0.37:1.0 in the commercial and P,Os-modified electrolyte,
respectively, establishing that DEC is the major source for organic species in the
reaction products generated from P,0Os. Chemical structures of major proton- and
carbon-containing electrolyte species are labeled with 'H and '3C signal assignments.
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Figure S6. (a) C 1s and (b) O 1s XPS spectra of the Li metal surface after immersion
in the commercial (top) or P,Os-modified (bottom) LiPF¢ electrolyte for 48 hours. (c)
Relative atomic percentage of C and O atoms on the surfaces.
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Figure S7. EIS Nyquist plots performed at different rest times in Li||Li symmetric cells
in (a) commercial or (b) P,Os-modified LiPF; electrolyte. The EIS data was analyzed
by ZSim software to deconvolute the circuit elements using the equivalent circuit model
displayed below.
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Figure S8. (a) C 1s, (b) O 1s, (c) Li Is XPS spectra, of the Li metal surface after
galvanostatic deposition (0.3 mA cm2) for 10 hours in commercial or P,Os-modified 1
M LiPFg electrolyte. (c¢) Relative atomic percentage of C and O atoms on the surfaces.
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Figure S9. (a) The representative Li deposition and stripping curves to measure the CE
and (b) The average CE of Li deposition-stripping measured from the pristine and P,Os-
modified LiPFg electrolyte.
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Figure S10. Left column: Li depostion from the pristine LiPF¢ electrolyte; Right
column: Li depsotion from the P,Os-modified LiPFg electrolyte.
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Figure S11. Gas analysis using DEMS. (a, b) Charge-discharge curves, (¢, d) CO,
generation rate and (e, f) O, generation rate with commercial LiPFg electrolyte and the

electrolyte modified by P,Os.
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