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Fig. S1. GPC molecular weight distribution of P(VDF-TrFE-CTFE). DMF was used as the
solvent with a flow rate of 1.0 mL/min.
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Fig. S2. (a) 'H and (b) ""F NMR spectra (DMSO-ds) for the P(VDF-TrFE-CTFE)
65.4/26.2/8.4 terpolymer. 'F NMR peak assignments for the terpolymer are listed in Table S1.

From the '"H NMR spectroscopy (Fig. S2a), the peaks at about 5.6, 3.1, and 2.4 ppm are
assigned to TrFE, -CF,CH,CF,CH,CF,- sequence [VDF (HT)], and -CH,CF,CF,CH,-
sequence [VDF (HH)], respectively.[S!] The peaks at 2.5 and 3.3 ppm are assigned to DMSO-
ds and water, respectively. From the '’F NMR results (Fig. S2b and Table S1), the molar
compositions were determined. It was found that the main structure of the terpolymer includes

VDF-VDF head-to-tail sequence (-CF,CH,CF,CH,CF,-), CTFE-CTFE head-to-tail sequence
S2



(-CF,CCIFCF,CCIFCF,-), and VDF-CTFE tail-to-tail sequence (-CF,CH,CF,CF,CCIF-). I°F

NMR peak assignments for the P(VDF-TrFE-CTFE) are listed in Table S1.

Table S1. 'F NMR Peak Assignments for P(VDF-TrFE-CTFE) 65.4/26.2/8.4 terpolymer.

Peak Sequence Designation* Chemical Shift | Percenta
No. (ppm) ge
(%)
1 -CF,CH,CF,CH,CF,- VDF-VDF/H-T -92.02 37.88
2 -CF,CH,CF,CH,CF,- VDF-VDF/H-T -92.90 3.40
3 -CHFCH,CF,CH,CF,- | TrFE-VDF/T-T -93.34 ~-93.66 4.17
-CIFCH,CF,CH,CF,- CTFE-VDF/T-T
4 | -CF,CCIFCF,CCIFCF,- | CTFE-CTFE/H-T -106.38 13.64
5 -CF,CHFCF,CH,CF,- TrFE-VDF/H-T -106.84 7.95
6 -CH,CH,CF,CHFCF,- | VDF-TrFE/H-T -107.56 5.68
7 -CF,CH,CF,CF,CCIF- | VDF-CTFE/T-T -108.58 9.09
8 -CF,CH,CF,CF,CHF- VDF-TrFE/T-T -112 ~-112.84 1.89
9 -CH,CF,CF,CCIFCH,- | VDF-CTFE/T-T | -118.74 ~-119.53 0.76
10 | -CHFCF,CF,CFCICH,- TrFE-CTFE- -120.26 1.52
VDF/T-T-T
11 | -CF,CHFCF,CHF,CF,- | TrFE-TrFE/H-T -121.83 1.52
12 | -CHFCHFCF,CF,CHF- | TrFE-TrFE/T-T -122.43 2.73
13 | -CF,CFCICF,CHFCH,- CTFE-TrFE- -130.73 0.76
VDF/H-T-T
14 | -CF,CF,CHFCH,CF,- TrFE-VDF/T-T -198.35 0.76
15 | -CH,CF,CHFCF,CH,- | VDF-TrFE/H-T -208.26 2.27

Note: Peak assignments are referenced from: Lu, Y. Y.; Claude, J.; Zhang, Q. M.; Wang, Q.
Macromolecules 2006, 39, 6962-6968.; Yang L.; Tyburski B. A.; Dos Santos F. D., et al.
Macromolecules 2014, 47, 8119-8125.

First, the P(VDF-TrFE-CTFE) SPEs films were prepared at 50, 55, and 60 °C for 25 h,

respectively. The ionic conductivity of the P(VDF-TrFE-CTFE) SPEs prepared at 50, 55, and

60 °C was measured as 4.9 x 104, 3.1 x 104, and 2.6 x 10 S cm’!, respectively (Fig. S3a).

TGA was employed to detect the amount of residual DMF in these three samples, as shown in
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Fig. S3b. The minor weight loss before 55 °C (region I) is due to the trapped moisture. The
weight loss observed at 55-200 °C (region II) derives from the evaporation of residual
DMF.152] The residue of DMF is estimated about 11.2%, 9.9 wt% and 7.7 wt% in P(VDF-
TrFE-CTFE) SPEs prepared at 50, 55, and 60 °C, respectively. The increase of DMF content
in P(VDF-TrFE-CTFE) SPEs can enhance the ionic conductivities but also leads to a high
side reaction of P(VDF-TrFE-CTFE) SPEs with both anode and cathode. Therefore, 55 °C is
employed to prepare the P(VDF-TrFE-CTFE) SPEs in this work.
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Fig. S3. (a) lonic conductivities and (b) TGA result of P(VDF-TrFE-CTFE) SPEs prepared at
varied temperatures. (c-f) Chronoamperometry profiles of Li/Li symmetrical cells using
P(VDF-TrFE-CTFE) SPEs under a polarization voltage of 10 mV, and the EIS spectra before
and after the polarization (see insets).

In addition, the SPEs films were prepared at different evaporation times ranging from 18 to
31 h under 55 °C. The transference number of lithium ion (#;;+) was calculated from the
results from Figs. S3c to S3f. The ¢+ is 0.37, 0.25, 0.27, and 0.23 when evaporation time is
18, 22, 25, and 31 h, respectively. When using a short evaporation time such as 18 and 22 h,
the interfacial resistance of Li/P(VDF-TrFE-CTFE)/Li cell is around 500 to 700 Q (insets of
Fig. S3c and S3d), which is obviously higher than those using relatively long evaporation
time such as 25 and 31 h (200 ~ 300 Q, insets of Fig. S3e and S3f). The amount of residual
DMEF is higher using 18 and 22 h than that using 25 and 31 h (Fig. S11a), and severe side
reactions between DMF in P(VDF-TrFE-CTFE) SPEs and Li metal would take place,!S3-5%]
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which leads to a relatively higher interfacial resistance. Extending the evaporation time to 25
h, the amount of residual DMF would be decreased (Fig. S11a) and the continuous interfacial
reaction between DMF and Li metal would be reduced. In consequence, the P(VDF-TrFE-
CTFE) SPEs exhibits a greatly decreased interfacial resistance (inset of Fig. S3e). With the
further decrease of the amount of residual DMF using evaporation time of 31 h, although the
side reaction between P(VDF-TrFE-CTFE) and Li metal could be suppressed to a large extent,
the solvation effects for the ion transport caused by residual DMF bound in P(VDF-TrFE-
CTFE) SPEs is obviously reduced. As a result, the ionic conductivity and #;;+ for P(VDF-
TrFE-CTFE) SPEs prepared under 31 h evaporation decrease compared to those of the SPEs
prepared using 25 h (Figs. 2g, S3, and S11c). The above results mean that an appropriate
amount of residual DMF is preferred for cell performance.

Therefore, this work employed the evaporation temperature of 55°C and evaporation time
of 25 h as processing conditions to prepare the P(VDF-TrFE-CTFE) SPEs for optimized

battery performance.
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Fig. S4. Imaginary parts (¢,") of relative permittivity as a function of temperature at different
frequencies for (a) P(VDF-TrFE-CTFE) and (b) PVDF. ¢, as a function of frequency at
different temperatures for (¢) P(VDF-TrFE-CTFE) and (d) PVDF.

Table S2. 7, of P(VDF-TrFE-CTFE) and PVDF obtained from Fig. S4 at different
frequencies.

Frequency 10° Hz 10' Hz 102 Hz 103 Hz 10* Hz 10° Hz
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Tg, P(VDF-TrFE-CTFE) -20.9°C -189°C -152°C -8.7°C -3.1°C 12.1 °C
Tg, PVDF -50.0°C -38.6°C  -31.2°C -237°C -144°C -19°C
—nc | g —s°¢
=] § —
— o —t
= =
15 20 25 30 00 100 200 300 40 S0 o0 700

YAX(9)

7'

Fig. S5. EIS measurement of (a) P(VDF-TrFE-CTFE) and (b) PVDF electrolytes sandwiched
by two stainless plates of steel (SS) at different temperatures.

Table S3. The electrochemical performance of Li metal batteries using different SPEs
without any inorganic fillers.

Solid electrolyte Ionic conductivity ~ Active Electrochemical performance Ref
material
P(VDF-TrFE- 3.10 x 10*S/em  LiFePO, 146.0 mAh g after 100 cycles under 0.5 C at 25 °C This
CTFE)/LiTFSI at25°C work
PVDEF/LiTFSI 1.73 x 103 S/ecm LiCoO, 20 mAh g'! after 30 cycles under 0.05 mA cm2 at 25 °C
at25°C S6
PVDEF/LiFSI 1.18 x 10#S/em  LiCoO, 120 mAh g! after 100 cycles under 0.05 mA cm at 25
at25°C °C
P(VDF-HFP) 1.4 x 105 S/cmat LiFePO, 70 mAh g1 after 100 cycles under 0.5 C at 25 °C S7
/LiTFSI 20°C
P(VDF-HFP) <8.8x10°S/cm  LiFePOy, 130 mAh g'! after 100 cycles under 0.2 C at 55 °C S8
/LATFSI at25°C
P(VDF-HFP) 1.23 x 10-¢ S/cm — — S9
/LiTFSI at 25 °C
P(VDF-HFP) 7 % 105 S/cm at — — S10
/LiClO4 25°C
P(VDF-HFP) 1.4 x 103 S/cm at — — S11
/LiClO4 25°C
PEO/LiTFSI 3.57 x 105 S/em  LiFePO, 130 mAh g! after 80 cycles under 0.1 C at 45 °C S12
at25°C
PEO/LiTFSI 5.4 %107 S/cmat LiFePOy 80 mAh g! after 100 cycles under 0.5 C at 60 °C S13
30°C
PAN/LiClO,4 2.1 x 107 S/cm at — — S14
25°C
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Fig. S6. ¢,' (a-d) and &.” (e-h) as function of frequency at various temperatures for (a, €)
PVDF/P(VDF-TrFE-CTFE) 20/80 wt%, (b, f) PVDF/P(VDF-TrFE-CTFE) 40/60 wt%, (c, g)
PVDF/P(VDF-TrFE-CTFE) 60/40 wt%, and (d, h) PVDF/P(VDF-TtFE-CTFE) 80/20 wt%
blends. (i) XRD curves of different PVDF/P(VDF-TrFE-CTFE) blends.

The XRD patterns of PVDF/P(VDF-TrFE-CTFE) blends are given in Fig. S6i. Two
reflections at 13.1 and 14.2 nm'! are observed, which correspond to the (110/200)grg from
P(VDF-TrFE-CTFE) and (110)a/y from PVDF, respectively. The d-spacing of (110/200)rgg
of PVDF/P(VDF-TrFE-CTFE) blends are calculated as 4.80 A, which is comparable to that of
P(VDF-TrFE-CTFE) (4.84 A, Fig. 3f). This result indicates that the P(VDF-TrFE-CTFE)

blends still show an RFE behavior, which increases the dielectric constant (Fig. 2h and 21).
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Fig. S8. SEM images of the cross-section of PVDF-based electrolytes.
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Fig. S10. (a) DSC 2™ heating curves of P(VDF-TrFE-CTFE) SPEs and PVDF SPEs. (b)
Peak-fitting of XRD curves for (b) P(VDF-TrFE-CTFE) SPEs and (c) PVDF SPEs to
calculate the crystallinity.

To Figure out the effect of residual DMF on the ionic conductivity, the P(VDF-TrFE-
CTFE) and PVDF SPEs membranes with different amounts of residual DMF were prepared
(Fig. S11a). It is easy to observe that the amount of residual DMF is always higher in PVDF
electrolytes than that in P(VDF-TrFE-CTFE) electrolytes. As proved by the DFT calculation
(Fig. 3j), this is because PVDF shows higher adsorption energy on DMF than P(VDF-TrFE-
CTFE). In addition, no peak for free DMF is detected in the FTIR spectrum (Fig. S11b),
suggesting the residual DMF is in bounded form and the prepared PVDF-based electrolytes
are still in solid-state. We chose two samples with extremely low content of DMF residues
(i.e. the ones prepared using 31 h evaporation, Fig. S11a) to measure the ionic conductivity
and compared with the values reported in the Main article. The results show that the ionic
conductivity of P(VDF-TrFE-CTFE) and PVDF SPEs decrease from 3.10 x 10* S cm! to
3.67 x 10° S cm’!, and from 1.77 x 10 S em! to 5.28 x 10 S cm’!, respectively (Fig. 2 and
S1lc). It is worth noting that the P(VDF-TrFE-CTFE) SPEs with a lower amount of residual
DMF still show a much higher ionic conductivity than PVDF SPEs, suggesting that the
employment of P(VDF-TrFE-CTFE) with a high dielectric constant is a key factor for the

greatly improved ionic conductivity for PVDF-based SPEs.
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Fig. S11. (a) TGA of P(VDF-TrFE-CTFE) and PVDF SPEs prepared at 55 °C for different
times. (b) FTIR spectra of DMF molecules in different P(VDF-TrFE-CTFE) and PVDF SPEs
in (a). The FTIR peak positions for free DMF molecules are 658 cm™!, which shifts to higher
position at 673 cm!, indicating the residual DMF exists in a bounded form.[S!- S14] (¢) EIS
spectra of SS/SS cell based on P(VDF-TrFE-CTFE) and PVDF SPEs with solvent
evaporation time of 31 h.
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Fig. S12. The adsorption energy of TFSI- on P(VDF-TrFE-CTFE) and PVDF by DFT
calculation.

The Raman spectra of PVDF/BaTiO; composites are provided in Fig. S13. From the peak-
fitting results, the relative peak intensity of C,,,s corresponding to the TFSI anions-
coordinated Li* decreases with increasing of the BaTiO; filler from 0 wt% (Fig. 4e) to 10 wt%
(Figs. S13a and S13b). That means more uncoordinated and free Li" are formed when the
filler concentration climbs from 0 to 10 wt%. Further increasing the weight ratio of BaTiO; to
20 wt%, the relative peak intensity of C,,,s decreases, probably because some BaTiO; are
agglomerated. From Figs. 4e, S7, and S13, the composite electrolytes with higher dielectric
constant show more free Li" and higher ionic conductivity. These results further confirm that
the solid-state electrolyte with high dielectric constant promotes the dissociation of lithium

salts.
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Fig. S13. Raman spectra of (a) PVDF/BaTiOs-5 wt%, (b) PVDF/BaTiO3-10 wt%, and (c)
PVDEF/BaTiO3-20 wt% composite SPEs at 25 °C in the range of 720-770 cm™.
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Fig. S17. (a) LSV curve of P(VDF-TrFE-CTFE) SPEs at 25 °C. (b) EIS spectra of the
(¢) Charge-discharge voltage profiles
NCMS811/P(VDF-TrFE-CTFE)/Li batteries at varied cycles. The batteries were performed at
0.1 C and 25 °C.
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Fig. S18. The interfacial resistance of (a) LiFeO,/P(VDF-TrFE-CTFE)/Li and (b)
LiFeO4/PVDF/Li cells at different cycles at 25 °C.
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Fig. S19. Fls, CI2p, S2p, Ols and Cls XPS spectra of Li anodes in LFP/PVDF/Li and
LFP/P(VDF-TrFE-CTFE)/Li batteries after 100 cycles at 0.2 C and 25 °C.

For the LFP/P(VDF-TrFE-CTFE)/Li battery, the components of cycled Li surface mainly
consist of LiF, Li,COs, Li,O, sulfur compounds, and LiCl, which are attributed to the
interfacial reactions between TFSI- and Li metal, and the residue of P(VDF-TrFE-CTFE) on
Li metal surface. Whereas, the LiCl peak is absent and LiF peak decreases greatly in the XPS
of cycled Li surface from LFP/PVDEF/Li battery compared to those from LFP/P(VDF-TrFE-
CTFE)/Li battery. It was reported that the LiF could effectively prevent the dissociation of C-
F bond from PVDF-based polymer and make the electrolytes stable during Li stripping-
plating cycle.l%] The higher amount of LiF on the cycled Li anodes of LFP/P(VDF-TrFE-
CTFE)/Li cell demonstrates the formation of a more stable interface between P(VDF-TrFE-

CTFE) electrolytes and Li anodes, which contributes to a superior battery performance.
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