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S1 Characterization
Fourier transform infrared (FTIR) spectra were collected using a Bruker ALPHA Laser class 1, and the powder X-ray diffraction (PXRD) patterns were recorded on a Rigaku (SmartLab) operated at 40 kV and 200 mA with Cu Kα radiation (λ = 1.54056 Å) in the range of 2θ = 1.5–30 deg. Solid-state nuclear magnetic resonance (NMR) experiments were conducted using an Agilent VNMRS 600 MHz NMR spectrometer at room temperature. Nitrogen sorption isotherms were measured at 77 K using BELSORP. The specific surface areas were calculated using the Brunauer-Emmett-Teller (BET) method. Energy dispersive spectrometry (EDS) mapping images were obtained using a field emission scanning electron microscope (JEOL-7800F), and the surface and cross-sectional morphologies of the electrodes were examined using field emission secondary electron microscopy (FE-SEM, S-4800, Hitachi). 
S2 Density functional theory (DFT) calculations
For the DFT calculations, the unit cell structure of COF-SO3Li was constructed [S1]. The hydrogen atoms of sulfonic acids were substituted with Li atoms and geometry optimization was performed to determine their stable positions using a 1 × 1 × 2 supercell model. All DFT calculations were performed using the DMol3 program [S2–S4]. The generalized gradient approximation with Perdew-Burke-Ernzerhof functional (GGA-PBE) was used for the exchange-correlation energy [S5]. To account for the van der Waals interactions, the semi-empirical Tkatchenko-Scheffler (TS) scheme was included for dispersion correction [S6], and the DFT semi-core pseudopotential was used for the core-electron treatment. The Brillouin zone was sampled using the Monkhorst-Pack grid as the Γ-point for all systemsS7. The SCF convergence for each electronic energy was set to 1.0 × 10–5 Ha, and the geometry optimization convergence criteria were set to as follows: 1.0 × 10–5 Ha for energy, 0.002 Ha Å–1 for force, and 0.005 Å for displacement. Further, Li+ migration paths were studied using linear and quadratic synchronous transit (LST/QST) methods in combination with the conjugated gradient (CG) refinement [S8]. Lastly, the adsorption energies (Eads) were calculated using Eads= Ead/sub -Ead -Esub, where Ead/sub, Ead, and Esub are the total energies of the optimized adsorbate/substrate system, the adsorbate in the structure, and the clean substrate, respectively.
S3 Fabrication of ASSLOBs with Li-COF-2@P75%
Versatile COF-embedded cathode mixtures were prepared with a composition of 5,5′-dimethyl-2,2′-bis-p-benzoquinone (Me2BBQ)/carbon black (CB)/polyvinylidene fluoride (PVDF)/Li-COF-2@P75% = 26.5/51/8.5/15 (w/w/w/w) in N-methyl-2-pyrrolidone (NMP) with an areal-mass-loading level = ~1.0 mg cm−2. Thereafter, the slurry mixturein NMP was cast on an Al foil, and the COF-embedded cathode slurry was vacuum-dried at 120 °C for 12 h, followed by pressing at 5 MPa at 120 °C for 1 h. Thereafter, the cathode was solidified after exposure to UV irradiation (Hg UV-lamp, Lichtzen) for less than 1 min to crosslink the PEGDA polymer backboneS9−S11 at an irradiation peak intensity of approximately 3000 mW cm−2. 
To fabricate the control cathode, a slurry mixture containing the Me2BBQ/CB/PVDF in NMP was cast on an Al foil. The control cathode slurry was vacuum-dried at 120 °C for 12 h, followed by roll-pressing. For this comparison, the control cathodes were prepared with the same ratio of each component (except electrolytes) as the COF-embedded electrode and an areal-mass-loading of ~1 mg cm−2. 
A Li-metal foil (Honjo Metal Co., Ltd., 100 µm) was used as the anode. The electrochemical performance of the COF-embedded cathode was characterized using a 2032 coin-type cell (= COF-embedded cathode (containing a Li-COF-2@P75%)|Li-COFs@P75%|Li), whereas the control cathode was prepared using the same type of cell (= control cathode (containing a liquid electrolyte)|polyethylene (PE) separator (16 µm)|Li, electrolyte: 1 M LiTFSI in DOL/DME = 1/1 (v/v) (for Me2BBQ||Li). All the cells were assembled in an argon-filled glove box.
S4 Electrochemical characterization 
The ionic conductivity of the electrolytes was estimated by conducting electrochemical impedance spectroscopy (EIS) analysis in the frequency range of 10−2 to 106 Hz and an applied amplitude of 10 mV using a potentiostat (VSP classic, Bio-Logic). The Li+ transference number (tLi⁺) was evaluated using a potentiostatic polarization method. The DC polarization through a Li+ non-blocking symmetric cell and its sequential EIS before and after the polarization were analyzed to determine the Li+ transference number [S9−S11]: 

where ΔV is the applied potential, Io and Ro are the initial current and resistance, respectively, and Is and Rs are the steady-state current and resistance after the polarization, respectively. Linear sweep voltammetry (LSV) was conducted using an asymmetric cell (SUS||Li) at a sweep rate of 0.1 mV s−1. The Li metal anode cycling test was performed using the Li||Li symmetric cells at a current density of 0.05 mA cm−2 and an area capacity of 0.25 mAh cm−2 at 25 °C. The electrochemical performance of the coin-type cells (Me2BBQ cathodes |Li-COFs@P75%|Li metal (100 µm) anode) was examined using a cycle tester (PEBC050.1, PNE Solution Co.) in the voltage range of 1.7–3.4 vs. Li/Li+.
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Fig. S1 Synthesis of Li-COF-1


Fig. S2 Synthesis of Li-COF-2
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Fig. S3 FT-IR spectra of (a) Li-COF-1 and (b) Li-COF-2 (COFs: black; 2,4,6-triformylphloroglucinol: red; 2,5-diaminobenzenesulfonic acid or 2,5-diaminobenzene-1,4-disulfonic acid: blue)
The stretching vibration signals of the keto unit (C=O), carbon–carbon double bond (C=C), carbon–nitrogen single bond (C–N), and oxygen sulfur bond (O=S) were observed in the FT-IR analyses of the Li-COF-1 (Fig. S3a) and Li-COF-2 (Fig. S3b), respectively, indicating the presence of β-ketoenamine linkage. 

Fig. S4 13CNMR spectra of (a) Li-COF-1 and (b) Li-COF-2
The carbon signals of the keto unit (C=O) were observed at 184 and 184.5 ppm in the NMR spectra of Li-COF-1 (Fig. S4a) and Li-COF-2 (Fig. S4b), respectively. 







Fig. S5 FE-SEM images of (a) Li-COF-1 and (b) Li-COF-2 (scale bar: 1 μm)
FE-SEM (Fig. S5) and EDS mapping analyses (Fig. S6 and S7) suggested the uniform morphology and distribution of carbon, oxygen, nitrogen, and sulfur elements in the Li-COF-1 and Li-COF-2.



Fig. S6 EDS mapping images of Li-COF-1 (scale bar: 1 μm)

Fig. S7 EDS mapping images of Li-COF-2 (scale bar: 1 μm)

Fig. S8 Nitrogen adsorption–desorption isotherms of (a) Li-COF-1 and (b) Li-COF-2 measured at 77 K (inset: pore size distribution of Li-COFs).
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Fig. S9 (a) PXRD patterns of Li-COF-1. (b) Unit cell of Li-COF-1 (a = b = 22.6542 Å, b = 21.9491, c = 3.4794 Å; Rp = 1.84, Rwp = 1.65)
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Fig. S10 (a) PXRD patterns of Li-COF-2. (b) Unit cell of Li-COF-2. (a = 22.6542, b = 22.1314 Å, c = 3.5313 Å; Rp = 2.77, Rwp = 2.08)
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Fig. S11 Schematic illustration depicting the fabrication process of Li-COFs@PX% using the low pressure-driven method
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[bookmark: _Hlk167894983]Fig. S12 FT-IR spectra of Li-COFs, Li-COF-1@Px%, Li-COF-2@Px%, and PPEGDA powders
[bookmark: _Hlk168426499][image: ]
Fig. S13 Nitrogen adsorption–desorption isotherms of (a) Li-COF-1@Px% and (b) Li-COF-1@Px% powders measured at 77 K
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Fig. S14 PXRD patterns of (a) Li-COF-1@P100% and (b) Li-COF-2@P100% powders
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Fig. S15 Electrochemical impedance spectroscopy (EIS) profiles of (a) Li-COF-1@P25%, (b) Li-COF-1@P50%, (c)  Li-COF-1@P100%, and (d) Li-COF-1@P125%
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Fig. S16 Electrochemical impedance spectroscopy (EIS) profiles of (a) Li-COF-2@P25%, (b) Li-COF-2@P50%, (c)  Li-COF-2@P100%, and (d) Li-COF-2@P125%
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Fig. S17 Arrhenius plots of Li-COF-1@P25%, Li-COF-1@P50%, Li-COF-1@P100%, and Li-COF-1@P125%
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Fig. S18 Arrhenius plots of Li-COF-2@P25%, (c) Li-COF-2@P50%, Li-COF-2@P100%, and Li-COF-2@P125%
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Fig. S19 Time-dependent current profile of the Li||Li symmetric cell containing (a) Li-COF-1 and (c) Li-COF-1@P75% at 10 mV polarization. EIS profiles of (b) Li-COF-1 and (d) Li-COF-1@P75% (the inset shows corresponding equivalent circuit model)
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Fig. S20 Time-dependent current profile of the Li||Li symmetric cell containing (a) Li-COF-2 and (c) Li-COF-2@P75% at 10 mV polarization. EIS profiles of (b) Li-COF-2 and (d) Li-COF-2@P75% (the inset shows corresponding equivalent circuit model)
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Fig. S21 Comparison of the ionic conductance of Li-COF-2@P75% to those of Li-COF-2 and previously reported 700 μm-thick inorganic Li6PS5Cl0.5Br0.5 pellets
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Fig. S22 Li+ dissociation process of (a) Li-COF-2 and (b) Li-COF-2@PX%
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Fig. S23 PXRD pattern of Li-COF-2@P75% after the Li||Li symmetric cell test
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Fig. S24 Voltage profile of the Me2BBQ electrode showing a large solubility difference at different redox states. The electrochemical process was divided into the discharge (1 2) and charge points (2  3). The color of the electrolyte gradually changed to deep brown as the discharge progressed and became transparent again when it returned to the charged state
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Fig. S25 Photographs of the Me2BBQ cathode as a function of the cycle number
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Fig. S26 (a) Voltage profiles and (b) cycling performance of SSOLBs (Me2BBQ‖Li) with Li-COF-2@P75% (vs. liquid electrolyte) at a charge/discharge current density of 5.0/5.0 C and voltage range of 1.8–3.4 V at 25 °C
Table S1 Li amount, ionic conductivity, and Ea values of the Li-COFs and Li-COFs@Px% 
	Solid EL
	Name
	Content of implanted polymer in pore of COF (%)
	Experiment
Li amount
(w%)
	Thin film
	Ionic conductivity (S cm-1, RT)
	Ea (eV)

	Li-COF-1@PX%
	Li-COF-1
	0
	2.29
	X
	2.7  10-5
	0.18

	
	Li-COF-1@P25%
	25
	2.14
	X
	3.6  10-5
	0.17

	
	Li-COF-1@P50%
	50
	1.97
	○
	4.1  10-5
	0.16

	
	Li-COF-1@P75%
	75
	1.83
	○
	5.1  10-5
	0.15

	
	Li-COF-1@P100%
	100
	1.71
	○
	2.3  10-5
	0.19

	
	Li-COF-1@P125%
	125
	1.58
	○
	1.8  10-5
	0.19

	Li-COF-2@ X%
	Li-COF-2
	0
	3.57
	X
	4.9  10-5
	0.16

	
	Li-COF-2@P25%
	25
	3.36
	X
	7.2  10-5
	0.15

	
	Li-COF-2@P50%
	50
	3.17
	○
	7.8  10-5
	0.13

	
	Li-COF-2@P75%
	75
	3.05
	○
	8.9  10-5
	0.11

	
	Li-COF-2@P100%
	100
	2.92
	○
	5.7  10-5
	0.15

	
	Li-COF-2@P125%
	125
	2.79
	○
	5.1  10-5
	0.17


Table S2 Comparison in the synthesis conditions and ion conduction characteristics between the Li-COF-2@P75% (this study) and previously reported organic single ion conducting electrolytes
	Classification
	Sample
	Ionic conduction
(S cm-1)
	Ea (eV)

	tLi+
	Refs.

	COFs
	Li-COF-2@P75%
	8.9  10−5
(298 K)
	0.11
	0.95
	This work

	
	TpPa-SO3Li
	2.7  10−5
(298 K)
	0.18
	0.9
	[S8]

	
	LiCON-1
	2.13 × 10−7
(295 K)
	0.25
	0.86
	[S12]

	
	LiCON-2
	4.36 × 10−6
(295 K)
	0.22
	0.83
	

	
	LiCON-3
	3.2  10−5
(295 K)
	0.13
	0.92
	

	
	LiOOC-COF1
	7.23  10−7
(303 K)
	0.21
	0.82
	[S13]

	
	LiOOC-COF2
	2.66 × 10−6
(303 K)
	0.2
	0.86
	

	
	LiOOC-COF3
	1.3  10−5
(303 K)
	0.17
	0.91
	

	
	LiO3S-COF2
	4.46×10−5
(295 K)
	0.18 
	0.93
	[S14]

	
	LiO3S-COF2
	5.47×10−5
(303 K)
	
	
	

	Polymer
Electrolyte
	P(STFSILi)
Triblock copolymer
	1.3  10−5
(358 K)
	-
	0.85
	[S15]

	
	LiPBPAB
Polymeric borate/PEO blend
	1.7  10−7
(298 K)
	-
	0.98
	[S16]

	
	LiBC-1
Comb-branched copolymer
	2.3  10−6
(298 K)
	-
	0.83
	[S17]

	
	PEO35K macro-CTA
Triblock copolymer
	1.0  10−5 
(298 K)
	-
	0.91
	[S18]

	
	PEO-LiPCSI
	7.3  10−5
	-
	0.84
	[S19]





Table S3 Comparison of the Ea values of previously reported COF-based electrolytes
	Classification
	Sample
	Ea (eV)
	Refs.

	Acting as solid-state single ion conducting electrolytes
	Li-COF-2@P75%
	0.11
	This work

	
	TpPa-SO3Li
	0.18
	[S8]

	
	LiCON-1
	0.25
	[S12]

	
	LiCON-2
	0.22
	

	
	LiCON-3
	0.13
	

	
	LiOOC-COF1
	0.21
	[S13]

	
	LiOOC-COF2
	0.2
	

	
	LiOOC-COF3
	0.17
	

	
	LiO3S-COF2
	0.18
	[S14]

	
Acting as single ion conducting electrolyte containing solvents
	CD-COFs
	0.26
	[S20]

	
	p-PaSO3Li-COF
	0.13
	[S21]

	
	CH3-Li-ImCOF
	0.27
	[S22]

	
	H-Li-ImCOF
	0.12
	

	
	CF3-Li-ImCOF
	0.10
	

	Acting as solid electrolytes containing
additional Li salts
	COF-5
	0.34 ± 0.04
	[S23]

	
	Li+@TPB-TP-COF
	1.05
	[S24]

	
	Li+@TPB-BMTP-COF
	0.87
	

	
	Li-CON-TFSI
	0.34
	[S25]

	[bookmark: _Hlk157254236]
	COF-PEO-3-Li
	1.07
	[S26]

	
	COF-PEO-6-Li
	0.92
	

	
	COF-PEO-9-Li
	0.73
	

	[bookmark: _Hlk157254256]
	Im-COF-TFSI@Li
	0.32
	[S27]

	
	Li+@TPB-DMTP-COF
	0.96
	[S28]

	
	Li+@[TEO]0.33-TPB-DMTP-COF
	0.78
	

	
	Li+@[TEO]0.5-TPB-DMTP-COF
	0.68
	

	
	Li+@TPB-BMTP-COF
	0.87
	

	
	Li+@[TEO]0.33-TPB-BMTP-COF
	0.82
	

	
	TPB-DHTP-COF@Li
	1.08
	[S29]

	
	dCOF-NH2-60@Li
	0.81
	

	
	dCOF-ImBr-60
	0.67
	

	
	dCOF-ImTFSI-20
	0.49
	

	
	dCOF-ImTFSI-40@Li
	0.41
	

	
	dCOF-ImTFSI-60@Li
	0.28
	

	
	COF-PEG-B1-Li
	0.74
	[S30]

	
	COF-PEG-B3-Li
	0.71
	

	
	COF-PEG-B6-Li
	0.60
	

	
	PEG-Li@NKCOF-11
	0.18
	[S31]

	
	COF-MCMC
	0.31
	[S32]

	Acting as electrolytes containing
additional Li salts and solvents
	PEG-Li+@CD-COF-Li
	0.17
	[S33]

	
	PEG-Li+@COF-300
	0.20
	

	
	PEG-Li+@COF-5
	0.35
	

	
	PEG-Li+@EB-COF-ClO4
	0.21
	

	
	IL-1.0@NUST-7
	0.317
	[S34]

	
	IL-1.0@NUST-8
	0.301
	

	
	IL-1.0@NUST-9
	0.323
	


Table S4 Fitted values of RInt (ohm) obtained from the EIS profiles of the Li||Li symmetric cell with Li-COF-2@P75% (vs. Li-COF-1, Li-COF-1@P75%, and Li-COF-2) as a function of cycle time
	RInt
	0 h
	50 h
	100 h
	250 h
	500 h

	Li-COF-1
	1713.2
	1824.9
	2008.3
	-
	-

	Li-COF-1@P75%
	604.7
	611.5
	618.8
	632.1
	639.6

	Li-COF-2
	842.8
	867.1
	909.5
	-
	-

	Li-COF-2@P75%
	334.5
	342.3
	344.7
	348.4
	352.3
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[bookmark: _Hlk168067405]Table S5  Comparison in the cell components, operating conditions, and electrochemical performance between the ASSLOBs (this study) and previously reported ASSLOBs
	Classification
	Solid electrolyte
	Anode
	Operating
temp.
	Specific capacity
(mAh g−1)
	Cycling stability
(Capacity retention after
cycle number at current rate)
	Capacity fading rate
(%/cycle)
	Refs.

	COF
	Li-COF-2@P75%
	Li
	RT
	299
	88.3%, 2000 cycles,
20 mA g−1
	0.006
	This work

	
	Lithiated COFs with
sulfonate terminal group
	Li
	20 ℃
	200
	87.7%, 500 cycles,
500 mA g−1
	0.025
	[S12]

	Polymer SE
	PMA/PEG-LiClO4-SiO2 composite
	Li
	RT
	418
	95%, 50 cycles, 0.2 C
(89.2 mA g−1)
	0.106
	[S35]

	
	PPC-KFSI + Cellulose
nonwoven backbone
	Ka
	RT
	118
	84%, 40 cycles,
10 mA g−1
	0.4
	[S36]

	
	x-PS@PSTFSI@Li+
NPs 50% in SCN
	Li
	RT
	165
	50%, 100 cycles,
39.7 mA g−1
	0.5
	[S37]

	
	PEO gamma-LiAlO2,
LiTFSI
	Li
	65 ℃
	183
	50%, 50 cycles,
0.1 C
	1
	[S38]

	
	PEO ta-POSS crosslinked,
LiTFSI
	Li
	90 ℃
	245
	87%, 50 cycles,
0.1 C
	0.18
	[S39]

	
	PEO, LiTFSI
	Li
	100 ℃
	210
	75%, 40 cycles,
1.0 C
	0.625
	[S40]

	
	PEO (LMP)
	Li
	100 ℃
	98
	65%, 20 cycles,
1.0 C
	1.75
	[S41]

	
	PEO-LiClO4-LLTO
	Li
	RT
	104
	90%, 300 cycles,
60 mA g−1
	0.033
	[S42]

	[bookmark: _Hlk157254472]Polymer (Gel)
	Crosslinked mPEG-MA,
ionic liquid
	poly(TCAQ)
	RT
	24
	87%, 1000 cycles,
1.0 C
	0.023
	[S43]

	Inorganic SE
	LPSCl
	Li
	60 ℃
	399
	75%, 100 cycles,
0.1 C
	0.25
	[S44]

	
	Na3PS4
	Na15Sn4
	60 ℃
	275
	89%, 500 cycles,
0.3 C
	0.022
	[S45]

	
	70Li2S-30P2S5
	Li
	60 ℃
	312
	90.6%, 500 cycles
0.1 C
	0.019
	[S46]

	
	Li7P3S11
	Li
	25 ℃
	410
	83%, 100 cycles,
 60 mA g−1
	0.17
	[S47]
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