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Figure S1. (a) 'H and (b) '’F NMR spectra (DMSO-ds) for the d-PVDF terpolymer.

Table S1. The peak assignments of '°F NMR results of the d-PVDF.

Peak NO. Sequence Designation Chemical Shift (ppm)
1 -CF>CH,CF,CHCF>- H-T -92.04
2 -CF,CH2CF.CH:CF»- H-T -92.80
3 -CCIFCH2CF2CH:CHz>- T-T -93.34~-93.66
-CHFCH,CF,CH>CF>- T-T
4 -CH>CCIFCH2CCIFCHz- H-T -106.34
5 -CF,CHFCF2CH:CF»- H-T -106.79
6 -CH2CH,CF>CHFCF»- H-T -107.40
7 -CF,CH2CF.CH2CCIF- T-T -107.80
8 -CF2CH2CF2CF,CHF- T-T -112.15~-112.44
9 -CF,CH2CF.CH2CF>- T-T -116.07
10 -CF,CHFCF,CHFCF>- H-T -121.68
11 -CHFCHFCF2CF>CHF- T-T -122.31
12 -CH2CF2CF.CHFCHz- H-H -129.72
13 -CH>CFCICF,CHFCHz>- H-T-T -130.42
14 -CF,CF>CHFCHCF»- T-T -198.19
15 -CH,CF,CHFCF,CHz»- H-T -208.04

Note: Peak assignments are referenced from: Y. Y. Lu, J. Claude, Q.-M. Zhang, Q. Wang,
Macromolecules 2006, 39, 6962; Zhang, G. Z.; G. Z. Zhang, Q. Li, H. M. Gu, S. L.
Jiang, K. Han, M. R. Gadinski, M. A. Haque, Q. M. Zhang, Q. Wang, Adv. Mater. 2015,
27, 1450.



Figure S2. The SEM image of the cross-section of PVDF SPEs.
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Figure S3. DSC cooling curves of d-PVDF SPE and PVDF SPE.
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Figure S4. Peak-fitting of 1D fiber XRD curves of (a) PVDF and (b) PVDF SPEs to

calculate the crystallinity.
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Figure S5. Peak-fitting of 1D fiber XRD curves of (a) d-PVDF and (b) d-PVDF SPEs
to calculate the crystallinity.
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Figure S6. DSC curves of PVDF.
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Figure S7. Real part (¢,) of relative permittivity as a function of frequencies at different
temperature for (a) d-PVDF and (b) PVDF.
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Figure S8. EIS curves of (a) d-PVDF SPEs and (b) PVDF SPEs sandwiched by two

stainless plates of steel (SS) at different temperatures.
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Figure S9. (a) EIS curves of different SPEs sandwiched by two stainless plates of steel
(SS) at varying molar ratio of CHF3 and CH2FCl defects. (b) EIS curve of P(VDF-
CH2FCI) SPE sandwiched by two stainless plates of steel (SS) at room temperatures.



Table S2. The ionic conductivity of different SPEs at room temperature.

Film
Impedance Ionic conductivity
Sample name thickness
(Q) (Scm™)
(nm)
P(VDF-CHF3-CH2FCl) 76 6.2 6.13 x 104
65.4/33.7/1.0 mol% (d-
PVDF-1) SPE
P(VDF-CHF3-CH2FCl) 63 6.1 5.17 x 104
62.5/33.3/4.2 mol% (d-
PVDF-2) SPE
P(VDF-CHF3-CH2FCl) 95 11.2 423 x 10
62.4/32.4/5.2 mol% (d-
PVDF-3) SPE
P(VDF-CH:FCl) SPE 110 19.6 2.78 x 104
P(VDF-CHF3) SPE 448 x 10*S(3)
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Figure S10. TGA curves of d-PVDF SPEs and PVDF SPEs. The minor weight loss
before 55 °C (region 1) comes from the evaporation of the trapped moisture, and the
weight loss between 55 and 200 °C is ascribed to the residual DMF.
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Figure S11. FTIR spectra of DMF molecules in d-PVDF SPEs and PVDF SPEs. The
peak position for free and bound DMF locates at 658 and 673 cm™!, respectively.
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Figure S12. The interaction between DMF and (a) PVDF and (b) d-PVDF.
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Figure S13. The ionic conductivity of PVDF SPEs with ~17% residual DMF at room
temperature.



Table S3. The ionic conductivity of PVDF SPEs with ~17% residual DMF at room
temperature.

Film thickness Impedance Ionic conductivity
Sample name |
(um) @) (S em)
PVDF-6 SPE 118 29.6 2.0x10*
PVDF-7 SPE 108 32 1.7 x 10
PVDF-8 SPE 101 223 23 x 10"
PVDF-9 SPE 105 23.6 2.3 x10*
PVDF-10 SPE 116 29.4 2.0x10*
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Figure S14. (a) The adsorption energy of ClI atom and F atom on CH>FCl for lithium
ions. (b) The adsorption energy of F atom on CHF; for lithium ions.

Table S4. The adsorption energy of lithium ions at different sites on CH>FCI and
CHF; fragments.

Adsorption energy Average adsorption energy
Monomer Atom
(eV) (eV)
F -1.872
CH2FCl -1.69
Cl -1.508

CHF3 F -1.796 -1.79
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Figure S15. In-situ FTIR curves of (a) d-PVDF SPE and (b) PVDF SPE at different
charging/discharging states of LFP//Li cells at 1 C and 25 °C.
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Figure S16 XPS spectra for (a, d) F 1s, (b, e) C 1s and (c, f) S 2p of cycled Li anode
with (a, b, ¢) d-PVDF SPE and (d, e, f) PVDF SPE.



From Figure S16a and Figure S16d, LiF was formed in both cells that can benefit
the stable cycling performance. Compared to the PVDEF/Li interface (Figure S16d and
Figure S16f), the d-PVDF SPE/Li interface contains more amount of FSI" in F 1s
spectrum (Figure S16a) and more NSOy species in the S 2p spectrum (Figure S16c).
Since the XPS sample was rinsed by DMC to remove any residual LiFSI, the more
amount of FSI" and NSO»" species in the d-PVDF SPE/Li interface should come from
the decomposition of lithium salts during the cell cycling (/-2). These results indicate
that more lithium salts were dissociated in the d-PVDF SPE during the lithium

deposition and stripping, which helps to improve the ionic conductivity.
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Figure S17. Raman spectra of (a) PVDF SPE and (d) d-PVDF SPE at 25 °C in the
range of 720-770 cm™.

The amount of free Li" was examined by Raman testing. As shown in Figure
S17a and S17b, three conformations, i.e. C; (cisoid), C> (transoid), and Ccoora, Were
obtained by fitting the Raman peak at ~741 cm™, where C; and C; derive from the free
FST, and Ceoora stems from the coordinated FST™ with Li".(30) The sum proportion of
C;and C> 1s 71.2% for d-PVDF SPE (Figure S17a), which is slightly higher than that
of PVDF SPE (63.0%, Figure S17b), suggesting there are a greater number of free Li"
in d-PVDF SPE.
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Figure S18. (a) Long cycling performance of Li/d-PVDF SPE/Li and Li/PVDF

enlarged view of initial cycles in (a). The charge/discharge time is 30 min.

Figure S19. Long cycling performance of Li/d-PVDF SPE/Li and Li/PVDF SPE/Li
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Figure S20. The CV curves of LFP//Li cells based on (a) d-PVDF SPE, and (b)

PVDF SPE.
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Figure S21. Discharge rate capability over a wide range of discharge current densities
(0.1 C-5.5 C) of LFP/d-PVDF SPE/Li and LFP/PVDF SPE/Li cells.
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Figure S22. Charge/discharge curves of LFP/d-PVDF SPE/Li cells at 1C and 25 °C.
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Figure S23. Charge/discharge curves of LFP/PVDF SPE/Li cells at 1 C and 25 °C.
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Figure S24. Charge/discharge curves of LFP/LEs/Li cells at 1 C and 25 °C.

250 o
Z
| | =S
~ 200] 28 cecosmAn SO RO SN b0 S
o _ | :
i L90 S
g 1501890, 01C >
£ 100 3339300303093999993030000099999393393393393( -
: ; N =
§ . @ PVDFSPE [ 70 g
50 @ d-PVDF SPE 8
N PVDF SPE 60 2
| xEmsre d-PVDF SPE L &)
0 . . : : : . ' ' . .
0 10 20 30 a0 >

Cycle number

Figure S25. The enlarged view of Figure 5d.
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Figure S26. Charge/discharge curves of LFP/d-PVDF SPE/Li cells at 5 C and 25 °C.
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Figure S27. Charge/discharge curves of LFP/PVDF SPE/Li cells at 5 C and 25 °C.

Table S5. Comparison of LFP//Li battery performance with reported results in
literatures.

SPEs Ionic Cycle Capacity Ref
conductivity rate retention
(10* S/cm)
d-PVDF/LiFSI 7.8 at 25 °C 5C 100.0% at400  This
cycles work
PVDF-HFP/MOF 2.0 at25°C 02C 87.3% at 200 S(5)
composite gel cycles
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Figure S28. Cycling performance of (a) NCM811/d-PVDF SPE/Li batteries at 0.1 C
and 25 °C, and (b) the corresponding charge/discharge curves.
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Figure S29. Charge/discharge curves of NCM811/d-PVDF SPE/Li cells at 1 C and 25
°C.
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Figure S30. Long-term cycling performance of LFP//Li cells at (a) 1 C, -10 °C and
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Figure S31. Cycling performances of LFP/d-PVDF SPE/Li and LFP/PVDF SPE/Li
cells with a cathode mass loading of 3.6 mg cm™ at the rate of 0.2 C at 25 °C. The
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Figure S32. The cross-sectional SEM image of the (a) LFP/d-PVDF SPE/Li and (b)
LFP/ PVDF SPE/Li cells after 100 cycles at 5 C and 25 °C and (c, d) the energy
dispersive spectroscopy (EDS) maps of (a).

Figure S33. The cross-sectional morphology of the interface of NCM811/PVDF SPE
from cycled NCM811//Li batteries after 50 cycles at 1 C and 25 °C.
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Figure S34. Tensile properties of -PVDF SPEs and PVDF SPEs.
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