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Figure S1. XPS spectra of LATP.
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Figure S2. TEM and elemental mapping images of LATP particles.
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Figure S3. TEM and elemental mapping images of flower-like CeO,.
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Figure S4. XPS spectra of the flower-like CeO, particles with oxygen vacancies (a)

survey spectrum, (b) Ce 3d, and (c) O 1s.
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Figure S5. EPR spectra of flower-like CeO, particles before and after hydrogen

reduction.
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Figure S6. Nitrogen adsorption-desorption isotherms of (a) commercial CeO, particles,

(b) flower-like CeO,.



Figure S7. Elemental mapping of the cross-sectional PVDF-HFP/LiTFSI/LATP film.
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Figure S8. Elemental mapping of the cross-sectional PVDF-HFP/LiTFSI/LATP/CeO,

film.
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Figure S9. (a) TGA and (b) Differential Thermal Analysis (DTA) curves of PVDF-

HFP/LiTFSI, PVDF-HFP/LiTFSI/LATP and PVDF-HFP/LiTFSI/LATP/CeO, CSEs.
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Figure S10. Stress-strain curves of PVDF-HFP/LiTFSI, PVDF-HFP/LiTFSI/LATP,
PVDF-HFP/LiTFSI/LATP/CeO, films.
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Figure S11. Chronoamperometry curves of (a) PVDF-HFP/LiTFSI/LATP, (b) PVDF-

HFP/LiTFSI/CeO, and (c¢) PVDF-HFP/LiTFSI under a potential step of 10 mV at room

temperature.
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Figure S12. (a) Nyquist plots of SS/CSE/SS cells with the PVDF-HFP/LiTFSI, PVDF-

HFP/LiTFSI/CeO,, PVDF-HFP/LiTFSI/LATP and PVDF-HFP/LiTFSI /LATP/CeO,

as electrolytes, before electrochemical cycling test. (b) The image of the magnified



region with high frequency.
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Figure S13. CV curves of LFP cells with (a) PVDF-HFP/LiTFSI/LATP, and (b)

PVDF-HFP/LiTFSI/LATP/CeO; as the electrolyte.
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Figure S14. Voltage-time profile of Li/(PVDF-HFP/LiTFSI)/Li and Li/(PVDF-
HFP/LiTFSI/LATP/CeO,)/Li at 0.1, 0.2 and 0.5 mA cm=.
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Figure S15. XRD patterns of the PVDF-HFP/LiTFSI, PVDF-HFP/LiTFSI/LATP,

PVDF-HFP/LiTFSI/LATP/CeO, electrolytes in the LFP cells after electrochemical

cycles at 2 C.

Figure S16. SEM images of the surface morphologies of (a) PVDF-HFP

/LiTFSI/LATP and (b) PVDF-HFP/LiTFSI /LATP /CeO, CSE:s after plating/stripping
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Figure S17. SEM images of surface morphologies of (a) PVDF-HFP/LiTFSI, (b)
PVDF-HFP/LATP/LiTFSI, and (c) PVDF-HFP/LiTFSI/LATP/CeO, films contacted

with Li metal after 1000 cycles at 2 C.

Figure S18. SEM images of the surface morphologies of (a) PVDF-HFP/LiTFSI, (b)
PVDF-HFP/LATP/LiTFSI, and (c) PVDF-HFP/LiTFSI/LATP/CeO, films contacted

with LFP cathode after 1000 cycles at 2 C.
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Figure S19. Schematic illustration of the dissociation process of LiTFSI induced by

CeO, with oxygen vacancies.



Figure S20. The molecular structures with the lowest energy conformation of a) LiTFSI

and b) TFSI- anion.

Figure S21. The most stable crystallographic structures of (a,c) LiTFSI, and (b,d)
TFSI- anion adsorbed on the CeO, (111) surface atomic structure. O in red, Ce in light

yellow, C in gray, F in light blue, S in yellow, N in blue, Li in purple.
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Figure S22. (a) PDOS, and (b,c) COHP images of the interaction between LiTFSI and

CeO; (111) surface with one oxygen vacancy.



Table S1. Peak positions and areas for core level of Ce 3d in CeO, nanosheets

BE(eV
916.38  907.33 900.59  897.96  888.43 881.99

)

70181.7 67884.8  76596.8
area 8920 54064 04748.9

7 8 4
BE(eV

902.74  884.06  898.42 880.08
)

49558.5 74337.8 6132.38  9198.57

Table S2. Peak positions and areas for core level of O 1s in CeO, nanosheets.

BE(eV) 531.2 529.2

area 27947.98 83029.78

[0as]=25.2%, [O1a]=74.8%



Table S3. Comparison of electrochemical performance between our work and reported

state-of-the-art CSEs.

CSEs composition Tonic Electrochemical Li* Specific capacity of ~ Reference
conductivity window (V) transfer LFP
/Temperature number cells/Temperature
PVDF- 1.66 x 103 S 5.1 0.35 166.6 mAh g' at 0.1 This work
HFP/LATP/CeO;, cm’! C,
25°C 831 mAh g'at2 C
after 1000 cycles
25°C
Ca—CeO,/PEO 1.3 x 104 S 45 0.453 93 mAh g-1 Adv.
cm’! after 200 cycles at 1~ Energy
60 °C C 60 °C Mater.!
CeO,/PEO 1.1 x 10° S 5.1 0.47 160 mAh g1 at 0.1 C Nano
cm! 60 °C Energy?
60 °C
CeO,/PEO/liquid 9.09 x 105 S 4.89 0.4 155.3mAh g! J. Membr.
electrolyte cm! after 130 cycles at 1 Sci.?
30°C Cand 30°C
PEG-MDI/LiDMPA 1x104Scem™ 5 0.72 159 mAh/g J.  Mater.
! 50th 99.1% at 0.2 C  Chem. A*
25°C 80 °C
LLTO/PEO/FEC 1.13 x 10*S 52 0.35 86 mAh-g'at0.5C  Chem. Eng.
cm! 35°C I3
25°C
PEO/CsClO4 1.9 x 10* S 435 NA 120 mAh-g1at0.5C  Energy
cm! 60 °C Storage
60 °C Mater.6
LLZTO/PEO 23 x 10° S 5.03 0.47 100 mAh-gtat0.1C  Adv.
cm! 30°C Energy
30°C Mater.”
SiO, areogel/PEO 6x104Scm™ 5 NA 110 mAh-gtat0.5C Adv.
! 25°C Mater.?
60 °C
PEO/ionic liquid 501 x 10*S 5.26 0.34 160.3 mAh g'at 0.2 Energy
cm! C 60 °C Storage
60 °C Mater.’
PVDF/PEO NA 4 NA 97.8 mAh g-1 at 1 C Chem. Eng.



after 600 cycles J.10

70 °C

PEO/BN 1.45 x 10*S 5.16 0.33 143.3 mAh-g'at 0.1 J.  Mater.
cm! C Chem. Al
80 °C 60 °C

PEO/HPMA 1.13 x 10*S 5.1 0.22 80.4 mAh g'at 1 C J. Mater.
cm! after 1255 cycles Chem. A2
35°C 35°C

PVDF- 51 x 104 S 5 0.45 76 mAh g'at2 C J. Mater.

HFP/LLATO/Li;PO;  cm’! 25°C Chem. A3
25°C

LLZAO/PEO 25 x 104 S 558 0.53 84.1mAhg'latlC Chem. Eng.
cm! 25°C J4
25°C

PEO/LAGP 1.67 x 10*S NA 0.56 148.7 mAh g'' at 0.2 Nano
cm! C Energy!®
25°C 25°C

Cellulose/LAGP 1.1 x 104 S 4.96 NA 148 mAh g'at0.1C Nano
cm! 60 °C Lett.!6
60 °C

PVDF/LLZTO 8.8 x 10° S 425 NA 1549 mAh g at 0.1 Chem. Eng.
cm! C J.7
25°C 55°C

PEO/aramid 8.8 x 10° S 42 NA 152mAhg'at0.1C Nano
cm! 50 °C Energy!'8
25°C

PEO/LiZry(POy)s 1.2 x 104 S 438 0.36 155 mAh g! at 100 J. Am.
cm! uA cm? Chem.
30°C 30°C Soc.1?

PEO/PDA/LLZTO 1.1 x 10* S 438 NA 129.5 mAh gl at 0.2 J.  Mater.
cm! C Chem. A%
30°C 50 °C

PEO/Si0,/Li,SO4 1.3 x 104 S 5 0.45 80 mAh g'at0.5C Small?!
cm! 60 °C
60 °C

PEO/vermiculite 7.9 x 107 S 5.35 0.246 159.9 mAh g'!at 0.1 Adv.
cm! C Energy
25°C 60 °C Mater.?
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