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[bookmark: OLE_LINK36]Figure S1. Synthesis process and molecular structures of the raw materials and products of TpPa-SO3Na COF material.
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[bookmark: OLE_LINK63][bookmark: OLE_LINK66][bookmark: OLE_LINK47][bookmark: OLE_LINK48]Figure S2. XRD of the raw materials used for COF synthesis and the final COF material. (a) Tp, (b) Pa-SO3H, (c) TpPa-SO3H, and (d) TpPa-SO3-Na.
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Figure S3. SEM image of TpPa-SO3-Na COF.
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Figure S4. SEM mapping images of TpPa-SO3-Na. a) Mixed mapping, b) C, c) O, d) S, e) Na, f) N elements. 
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Figure S5. High-resolution TEM image of the TpPa-SO3-Na.
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Figure S6. The XPS full spectrum of TpPa-SO3-Na COF.
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Figure S7. The pore size distribution of TpPa-SO3-Na.
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Figure S8. Optical image of large-area COF/PNSE electrolyte film.
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Figure S9. SEM images of COF/PNSE electrolyte. (a) High-magnification SEM, and (b) low-magnification SEM.
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Figure S10. SEM image of the PNSE electrolyte film.
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Figure S11. Cross-sectional SEM image of the PNSE electrolyte film.
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[bookmark: OLE_LINK49][bookmark: OLE_LINK50]Figure S12. EDS mapping image (top-view) of the COF/PNSE electrolyte, including C, N, O, F, S, Na elements.
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Figure S13. EDS mapping image (cross sectional-view) of the PNSE electrolyte, including C, N, O, F, S, Na, and Cl elements.
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Figure S14. TGA curves of TpPa-SO3-Na  and COF/PNSE electrolyte films.
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Figure S15. FTIR spectra of PNSE and COF/PNSE electrolytes.
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[bookmark: OLE_LINK73][bookmark: OLE_LINK74]Figure S16. Stress-strain curves of PNSE and COF/PNSE electrolytes.
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Figure S17. EIS spectra of PNSE electrolyte at different temperatures from 25 to 80 °C.
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Figure S18. Ionic conductivity of PNSE electrolyte at different temperatures from 25 to 80 °C.
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Figure S19. The (a) i-t curve and (b) EIS spectra before and after polarization of Na||Na cells using COF/PNSE electrolyte at room temperature.
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Figure S20. (a) The ball-and-stick model of PVDF and (b) the electrostatic potential of PVDF.




[image: ]
[bookmark: OLE_LINK92][bookmark: OLE_LINK93]Figure S21. The ball-and-stick model of TpPa-SO3-Na.
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Figure S22. The structural diagram of TpPa-SO3-Na in MD simulations.
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Figure S23. Simulation snapshots of the Na⁺ migration in the PNSE system at room temperature from 0.25 ns to 2 ns. (a) 0.25 ns, (b) 0.50 ns, (c) 1.0 ns, (d) 1.5 ns, (e) 2.0 ns.
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[bookmark: OLE_LINK51][bookmark: OLE_LINK52]Figure S24. The deposition and stripping curve of Na||Cu battery with different electrolyte. (a) COF/PNSE and (b) PNSE electrolytes at 1 mA cm-2 and 1 mAh cm-2.
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Figure S25. Comparison of polarization voltage at different current densities using two different electrolytes in CCD testing.
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Figure S26. Comparison of polarization voltage at different current densities for Na||Na symmetric cell using PNSE and COF/PNSE electrolytes.
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Figure S27. The deposition and stripping curve of Na||Na cells at different time. (a) 0~10 h and (b) 400~410 h at 1 mA cm-2 and 0.5 mAh cm-2.
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Figure S28. In-situ EIS spectra of Na||Na symmetric cell under different deposited Na using different electrolytes. (a) PNSE and (b) COF/PNSE electrolytes.
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Figure S29. HOMO/LUMO energy levels and orbitals of each molecule of Na+-TFSI, Na+-COF, TFSI--COF, Na+-PTC, and TFSI--PTC, respectively.




[image: ]
[bookmark: OLE_LINK56][bookmark: OLE_LINK57][bookmark: OLE_LINK53][bookmark: OLE_LINK54]Figure S30. Cryo-TEM images of SEI on Na-anode surface formed by PNSE electrolyte at (a) low-magnification and (b) high-resolution. 
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[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Figure S31. 3D image of TOF-SIMS of (a) F2- and (b) NaO- using PNSE electrolyte.




[image: ]
Figure S32. XPS profiles of Na-anode cycled in Na|PNSE|Na cells. (a) Na 1s, (b) F 1s, and (c) O 1s spectra. 
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[bookmark: OLE_LINK55]Figure S33. SEM images of cycled Na metal after 100 times repeated plating and stripping using PNSE electrolyte. (a) high-magnification and (b) low-resolution. 
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Figure S34. AFM 3D images of the sodium metal surface roughness after 500 hours of cycling: (a) using the PNSE electrolyte; (b) using the COF/PNSE electrolyte.
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Figure S35. SEM images of deposited Na metal with the different capacity using COF/PNSE electrolyte. (a) 1 mAh, (b) 2 mAh, and (c) 3 mAh.
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[bookmark: OLE_LINK58]Figure S36. SEM images of NNM electrode:(a) low-magnification and (b) high-resolution. 


[image: ]
Figure S37. The charge-discharge curves of Na||SE||NNM batteries at different rates in the 2.0~4.0 V range using (a) PNSE and (b) COF/PNSE electrolytes.


[image: ]
Figure S38. The charge-discharge curves of Na||COF/PNSE||NNM batteries in the 2.0~4.0 V range at 1C from 1st cycle to 1000th cycle.
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Figure S39. In-situ EIS spectra of Na||SE||NNM symmetric cell using (a) PNSE and (b) COF/PNSE electrolytes.
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[bookmark: OLE_LINK59][bookmark: OLE_LINK60]Figure S40. SEM images of cycled hard carbon electrode:(a) low-magnification and (b) high-resolution.
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Figure S41. FIB-SEM images of cycled NNM electrode with COF/PNSE electrolyte. (a) low-magnification and (b) high-resolution. 
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Figure S42. FIB-SEM images of cycled NNM electrode with PNSE electrolyte. (a) low-magnification and (b) high-resolution. 
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Fig. S43. Operando FT-IR measurements  on Na||COF/PNSE||NNM batteries.
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Figure S44. EDS images of cycled NNM electrode with COF/PNSE electrolyte. (a) C, (b) F, (c) O, (d) Mn, (e) Ni, and (f) Na elements.
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Figure S45. XPS depth-dependent elemental distribution at the cathode interface. (a) C 1s, (b) F 1s, and (c) O 1s
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Figure S46. 2D TOF-SIMS images of (a) C-, (b) O- , and (c) F- at the cathode/electrolyte interface.















Table S1. The comparison of Na||Na symmetric cell electrochemical performance for solid-state/hydrogel electrolytes reported in the literature.
	Electrolytes
	Current density (mA cm-2)
	Lifetime
(h)
	Ref.

	POSS-4PEG2K(NaE16)
	0.5
	3550
	1

	NaFSI/PolyIL
	0.5
	100
	2

	PEGMEM-co-SSS@ZIF-8
	0.5
	220
	3

	PBAGPE
	0.2
	980
	4

	NZSP/PVDF-HFP
	0.2
	400
	5

	[bookmark: OLE_LINK61]ETPTA–NaClO4–QSSE
	0.1
	1000
	6

	AMPSN
	0.4
	400
	7

	PEO@LM&SO
	0.2
	800
	8

	DSPE
	0.1
	1000
	9

	PBMP
	0.5
	1100
	10

	[bookmark: OLE_LINK64][bookmark: OLE_LINK65] ATFPE
	0.1
	600
	11

	c-GPE
	0.1
	800
	12

	FEC/SN-PCE
	0.5
	1800
	13

	PSB60-GPE
	0.5
	800
	14

	BSCPE
	0.5
	200
	15

	PPNM
	0.23
	500
	16

	sp2 C-COF
	0.5
	2000
	17

	QSSE-COF-SO3Na
	0.2
	830
	18

	NaOOC-COF
	0.05
	700
	19

	TPDBD-CNa-QSSE
	0.01
	900
	20

	[bookmark: OLE_LINK68][bookmark: OLE_LINK69]COF/PNSE
	0.1
	6750
	This work

	
	1.0
	418
	


Table S2. The comparison of electrochemical performance for Na||SE||NFM(NNM) batteries with solid-state/hydrogel electrolytes reported in the literature.
	Samples
	Rate (C)
	Cycle
	Retention (%)
	Temperature (℃)
	Ref.

	PVC-CPE
	0.2C
	250
	86.8
	25
	21

	B-CPE
	0.2C
	320
	80.1
	40
	22

	
	3C
	700
	80.4
	10
	

	B-PCPE
	0.1C
	120
	80.1
	25
	23

	HP-GPE
	120 mA/g
	400
	70
	25
	24

	PAPE SSEs
	0.2C
	100
	91.1
	25
	25

	
	1.0C
	250
	~70
	25
	

	COF/PNSE
	1.0C
	1000
	77.2
	30
	(This work)

	
	5.0C
	2000
	80.2
	30
	

	
	10.0C
	2000
	83.5
	30
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