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Solid-state electrolytes with high Li+ conductivity, flexibility, durability, and stability offer an 

attractive solution to enhance safety and energy density. However, meeting these stringent 

requirements poses challenges to the existing solid polymeric or ceramic electrolytes. Here, we 

present an electrolyte-mediated single-Li+ conductive covalent organic framework (COF) that 

represents a new category of quality solid-state Li+ conductors. In situ solidification of a tailored 

liquid electrolyte boosts the charge-carrier concentration in the COF channels, decouples Li+ cations 

from both COF walls and molecular chains, and eliminates defects by crystal soldering. Such an 

altered micro-environment activates the motion of Li+ ions in a directional manner, which leads to an 

increase in Li+ conductivity by 100 times with a transference number of 0.85 achieved at room 

temperature. Moreover, the electrolyte conversion cements the ultrathin COF membrane with 

fortified mechanical toughness. With the COF membrane, foldable solid-state pouch cells are 

demonstrated. 

Keywords: Solid-state batteries; lithium-metal batteries; flexible electrolyte; covalent organic 

framework; foldable batteries  

 

 

 

 

 

Introduction 

Solid-state batteries (SSB) with lithium-metal anodes are promising energy-storage systems 

with high safety and energy density.[1, 2] Achieving such batteries heavily relies on the advancement 

of high-performance ionic conductors for solid-state electrolytes (SSEs). Solid polymer electrolytes 
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(SPEs), typically the ether-based polymers, are the potential candidates because of their capability to 

dissociate Li salts at elevated temperatures and provide adaptative interfacial-contact with 

electrodes. However, transport of lithium ions in SPEs mainly occurs with the segmental relaxation 

of polymer chains, which results in a low Li+ conductivity (＜10−5 S cm−1) at room temperature (RT) 

and inferior cationic transference number t+, generally 0.2 − 0.4.[3-6]  

Filling the SPEs with a ceramic single-ion conductor (SIC) is a practical strategy to promote Li+ 

conductivity. Such polymer-ceramic composite electrolytes (CPEs) could alleviate brittleness 

associated with the solid-solid contact of ceramic electrolytes, which generally causes poor 

interfacial Li+ transport and dendrite proliferation along grain boundaries.[7-11] Different kinds of 

composite electrolytes have been explored since the first report in 1981. Nevertheless, trade-offs 

among ionic conduction, transference number, and mechanical strength have persisted for the past 

four decades. For example, the mechanical toughness of CPEs is compromised, especially when the 

SIC loading is high. Similarly, the room-temperature Li+ conductivity barely reaches 10−4 S cm−1 since 

the ionic conductivity enhancement of CPEs is mainly localized at the interface rather than 

throughout the bulk phase of the hybrid electrolyte.[12, 13] Besides, the large thickness (> 50 μm) 

required for structural integrity hurts Li+ conductance as well as the specific energy of the cells. 

Clearly, exploring a new strategy for solid-state ionic conductors with well-balanced properties is 

needed to meet future battery demands. 

Herein, we present a design strategy for solid-state Li+ conductors that is based on solvating 

structural channels and decoupling Li+ from polymer segments (Figure 1). We first demonstrate this 

approach by electrolytes mediation in ionic covalent organic frameworks (COFs). Chemically 

assembled from periodic organic building units, COFs feature high stability and permanent pore 

channels.[14-18] Such stable pore channels are of great interest for nanofluidic ion transport.[19-25] 

Nevertheless, the real solid-state ion conduction is far from a practical requirement,[15] even with the 

most attractive SIC-type COFs (Figure 1c). This is because in the solid state, diffusion of closely 
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associated Li ions occurs mainly along the pore walls of lithiated COFs (Figure 1f). The large pore 

volume (porosity) is literally not good for ionic conduction, and it “dilutes” the overall charge-carrier 

concentration. Infiltrating extra lithium salts into COFs can raise Li+ concentration,[26] but the highly 

associated lithium salt actually limits the ionic conduction. Solvents in COFs could decouple the ion 

pairs for faster ionic transport, but that is against the original motivation for a safer SSB. More 

importantly, neither additives of lithium salts nor small molecular solvents could help form a robust 

COF membrane. In essence, the great potential of COFs as solid-state electrolytes is not well 

explored.  

We first found a new type of liquid electrolyte, designated as DMA@LiTFSI, that is composed 

of 2 M lithium bis(trifluoromethanesulfonyl)imide (LiTFSI) dissolved in dimethylacrylamide (DMA). It 

was further discovered that lithium salt can trigger the copolymerization of DMA solvent to 

construct a highly ductile polymer electrolyte. Inspired by this conversion behavior, we entrapped 

the DMA@LiTFSI solution into the pores of a LiCOF, followed by in situ polymerization. In the COF 

channels, the functional groups of flexible DMA chains could release Li+ ions from the rigid COF 

backbone and simultaneously decouple the lithium salt. Such an altered pore environment 

dramatically accelerated the movement of Li+ in an ordered manner. As a result, the DMA@LiTFSI 

mediated COF (DLC) electrolyte displayed a superior solid-state ionic conductivity of 1.7 × 10−4 S cm−1 

(~ 100 times that of other COFs) and a high t+ of 0.85 at RT. Moreover, the COF crystals can be 

fabricated into an ultrathin film with high flexibility, making a foldable solid-state battery possible for 

practical demonstrations. 

Results and Discussions 

The digital photographs in Figure 1a reveal the conversion of DMA from a free-flowing liquid 

to a solid after adding 2 M LiTFSI. This conversion is linked to the anionic polymerization of DMA, 

induced by LiTFSI. As revealed by the DFT analysis (Figure 1d), the carbonyl oxygen (C=O) in DMA is 

electronegative, which could dissociate Li+ ions from TFSI− anions in the solution. The high electron 
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deficiency of the C=O groups induced by the Li+ cations is helpful to delocalize the electron density in 

the α-position of the C=C bonds when attached to the TFSI− anions, thereby facilitating the anionic 

polymerization. Magic angle spinning 1H Nuclear magnetic resonance (MAS 1H NMR) spectroscopy 

confirmed this mechanism in Figure 1b. The C=C resonance of DMA is shifted upfield and split when 

LiTFSI is introduced into the system, especially at a higher LiTFSI ratio of 2 M. This is due to the 

increased electron cloud around the C=C by the anion attack, which induces copolymerization. The 

obtained DMA@LiTFSI is highly ductile and flexible, as shown in Figure S1-2.  
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Figure 1. (a) Liquid-solid conversion of the DMA@LiTFSI electrolyte. (b) 1H NMR spectra of C=C bond 

in DMA before and after the introduction of LiTFSI. (c) Top view of LiCOF. (d) Molecular electrostatic 

potential energy surface of DMA@LiTFSI. (e) Snapshot of LiCOF filled with DMA@LiTFSI from MD 

simulation. (f) Illustration of the Li+ transport mode in conventional SPE, pristine LiCOF, and DLC. (g) 

Illustration of an SSB with the proposed DLC electrolyte. 

Single ionic conducting COF (Figure S3-4) was synthesized by a lithiation of the typical COF-

SO3H, which was prepared via the Schiff-based condensation reaction between 1,3,5-

triformylphloroglucinol and 1,4-phenylenediamine-2-sulfonic acid (see the Experimental Details in 

the Supporting Information). The lithiated COF-SO3Li is designated hereafter as LiCOF. The chemical 

structure is shown in Figure 1c and verified in Figure S5-6. Powder X-ray diffraction (PXRD) (Figure S7) 

pattern reveals a high degree of crystallinity with diffraction peaks at 2θ = 4.7 and 26.2°, which are 

assigned to (100) and (001) planes, respectively. Meanwhile, the Pawley refinement with the P6 

space group matches well with the experimental pattern (Rp = 5.46, and Rwp = 2.85%, Figure S7), 

suggesting an eclipsed AA stacking structure.  

Infiltration of the liquid electrolyte into the COF channels was first carried out by a low-

pressure-driven method. Specifically, the 2M DMA@LiTFSI precursor electrolyte was dropped into 

the degassed (i.e., guest-free) LiCOF (30 wt% DMA@LiTFSI). Then, the mixture was treated under 

vacuum (0.5 kPa) for 2 h at room temperature. This operation facilitated the entrapping of the liquid 

DMA@LiTFSI within the pore channels of COF.[27] The DMA copolymerization then proceeded at 

room temperature for 12 h, followed by thermal annealing at 80 ℃ to obtain the DLC solid-state 

electrolyte (illustrated in Figure 1e). Actually, we also tried to mix the lithium salt with other vinyl 

monomers, including acrylamide and N-isopropylacrylamide to construct eutectic electrolytes; 

however, either the fast gelation of acrylamide or a much sluggish conversion of N-

isopropylacrylamide made the operation difficult (Figure S8). 
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As shown in the attenuated total reflection Fourier transform infrared spectra (ATR-FTIR) in 

Figure 2a, the C=C vibration of DMA@LiTFSI becomes gradually weakened at around 1,645 cm-1 

within 24 h, confirming the efficient conversion of DMA. This was validated by the 13C NMR spectra 

of the DLC electrolyte (Figure S6). The peak corresponding to the C=C bond of DMA at 130 ppm 

almost disappeared, and the new C-C chemical shift appeared at 33 ppm. Meanwhile, the typical 

C=O group of DMA shows the resonance at 177 ppm in DLC.  

N2 sorption isotherms revealed the entrapping of DMA@LiTFSI into the LiCOF. The LiCOF has a 

high Brunaeur-Emmet-Teller (BET) surface area (SBET) of 508 m2 g−1, while the SBET decreased to 342, 

150, and 22 m2 g−1, respectively, when 5, 15, and 30 wt.% DMA@LiTFSI was loaded (Figure S9).  The 

decreasing SBET evidences a gradual filling up of the pores in COF. This conclusion is further 

supported by the pore size distribution. The dominant COF channel of 1.8 nm almost disappeared for 

the DLC when 30 wt.% DMA@LiTFSI was loaded (Figure 2b). Meanwhile, the polymerized 

DMA@LiTFSI in DLC has a relatively higher glass transition temperature (Tg= −27.9 ℃) than the bulk 

DMA@LiTFSI analog (−36.2 ℃) (Figure 2e). This suggests the impregnation of the polymer chain and 

the host-guest interactions in the sub-nanometer region,[28] which will be elucidated with the 2D 

NMR technique. 
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Figure 2. (a) ATR-FTIR spectra showing the evolution of DMA. (b) Pore size distribution in LiCOF and 

DLC. (c) Cross-sectional SEM image of the DLC electrolyte film. (d) Digital photos of the bending and 

twisting of the DLC electrolyte. (e) DSC profiles of DLC, LiCOF and DMA@LiTFSI. (f) Mechanical 

properties of the DLC electrolyte. Characteristic force−displacement curves of (g) DLC and (h) LiCOF 

pellets, with the inset corresponding to 2D AFM topography. (i) GIWAXS pattern of the DLC. 

For better interparticle Li+ transport efficiency and mechanical properties of the solid 

electrolyte (Figure S10-11), the DMA@LiTFSI was optimized at 40 wt.% in DLC. The detailed 

comparison of the electrochemical performance of the DLC with different DMA@LiTFSI loading 

provided in Figure S12. We note that DLC can be pressed into a thin (~ 32 μm) and crack-free 

membrane (Figure 2c) with a uniaxial hydraulic press (3 tons) at 120 °C. In contrast, bulk LiCOF 

powders can only be fabricated as a thick film (beyond 200 μm) with obvious interparticle voids 

(Figure S13). The DLC shows superb tensile strength and strain up to 22 MPa and 49% (almost 10 
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times of the LiCOF film, Figure 2f), respectively. The corresponding mechanical toughness reaches 

8.3 MJ m−3. Force-displacement curves from atomic force microscopy (AFM) testing further reveal 

that the DLC electrolyte is elastic on the microstructure level, as shown by the obvious hysteresis 

between extending and retracting the probe (Figure 2g,h). The larger hysteresis area indicates more 

energy is dissipated on the sample due to the elastic deformation.[29] The presence of the elastic 

DMA@LiTFSI enables the DLC to withstand various stress conditions, such as folding, twisting, and 

stretching (Figure 2d). This mechanical behavior is also crucial to maintaining the integrity of the 

SSE/electrode interface, where a large volume change generally occurs. Moreover, the oxidative 

voltage reaches 4.5 V (Figure S14), and no obvious dimensional shrinkage is observed when the 

testing temperature is up to 200 °C (Figure S15), indicating excellent chemical and thermal stabilities. 

We found that the hot-pressed DLC electrolyte exhibits crystallographic c-orientation. The 

diffraction pattern of the electrolyte film was recorded with 2D grazing-incidence wide-angle X-ray 

scattering (GIWAXS). In the 2D GIWXAS of DLC in Figure 2i, a concentrated pattern of (001) facet is 

centered at qxy=26°, indicating that the 2D LiCOF layers are aligned parallelly (perpendicular to the 

thickness direction). Meanwhile, compared with the pristine powder of LiCOF, the LiCOF in the DLC 

electrolyte has a more intensified (001) diffraction in Figure S16. This means that the DMA@LiTFSI 

facilitates this orientation. This ordered packing will make the COF membranes attractive when fast 

ionic transport is essential. 
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Figure 3. Solid-state MAS NMR probing the solid electrolyte. (a) 1D 7Li NMR of DLC and pristine 

LiCOF. 2D 1H-13C HETCOR NMR of (b) DLC and (c) a mixture of LiCOF and polymerized DMA@LiTFSI. 

(d) 2D 1H-19F HETCOR NMR of DLC. 2D 7Li–7Li exchange spectra measured at 298 K for DLC at (e) tmix = 

1 ms, and (f) tmix = 200 ms.  

The local chemical environments of DMA@LiTFSI (30wt%) in the nanochannels were well 

studied with solid-state NMR. First, the 2D 1H-13C heteronuclear correlated (HETCOR) NMR spectra 

confirm the loading of the DMA@LiTFSI guest into the LiCOF host. As plotted in the 2D HETCOR 

spectra of DLC in Figure 3b, the 13C signals at 147, 132, and 118 ppm are associated with the 

aromatic carbons of COF, which exhibit a clear cross-peaks with the 1H signals (~2 ppm) of saturated 

protons from polymerized DMA. The strong cross-relation arises from the intermolecular dipole 

interaction, which could take place only when the DMA chain and COF host are close by < 10Å 

according to the applied mixing time. This is a clear indication that DMA@LiTFSI is accommodated in 

the channels of COF. By contrast, if the polymerized DMA@LiTFSI and LiCOF were simply mixed, no 

cross-correlation signal appears and only the intramolecular dipole interaction is observed (Figure 
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3c). This reveals that introducing polymerized DMA into the LiCOF crystals by post-mixing is not 

favored, possibly because of the large steric effect.[28]  

When Li+ ions are in a strongly bound state, for example, in the pure LiTFSI salt and dried 

LiCOF, they appear as a broad resonance because of the poor lithium-ion mobility as shown in Figure 

3a and Figure S17. However, in the case of DLC, the Li+ signal of both LiCOF (0.9 ppm) and LiTFSI (1.6 

ppm) get sharpened. Notably, the 7Li full-width at half-maximum (FWHM) in SO3Li is 321.4 HZ for 

pristine LiCOF, but it decreases to 140.8HZ for DLC. The 2× faster T2 spin-spin relaxation indicates a 

much faster motion of Li+ tethered onto SO3
−. These results are also confirmed by the theoretical 

calculations in Figure 4a,b, where the binding energy of Li+ with sulfonic acid decreases from 63.5 to 

53.7 kcal mol−1 after DMA is introduced. This mainly suggests the solvation effect of carbonyl oxygen 

groups in DMA chains that could release the Li+ from the COF backbone.  

The local environment of LiTFSI is also well investigated, as shown in Figure 3a. We noticed 

that the 7Li signal of LiTFSI in DLC is downfield shifted (1.6 ppm) compared to that of Li+ ions from 

LiTFSI salt (-1.7 ppm, Figure S17). Such a downfield shift generally means reduced electron cloud 

around the nucleus, highlighting the dissociation of the cations from anion pairs. 2D 1H-19F HECTOR 

spectrum provided a further clue in this regard. In Figure 3d, an obvious correlation of the 19F signal 

(TFSI− anion) with the protons of NH (~ 10 ppm) in the COF backbone was observed. This 

phenomenon discloses H…F interaction between the pore wall and TFSI− anions, which realized the 

dissociation of Li+ ions from the lithium salt.  

2D exchange NMR could measure the spontaneous lithium-ion exchange between different 

chemical environments during a certain “mixing time” tmix
[30]. As shown in the 7Li-7Li exchange 

spectra in Figure 3e, the signal appearing on the diagonal indicates that the Li ions remained within 

the same environment during the tmix = 1 ms. Off-diagonal intensity, clearly observed at tmix = 200 ms 

in Figure 3f, proves that the Li+ in LiCOF at tmix = 1 ms diffused to DMA@TFSI at tmix = 200 ms and vice 

versa. This scenario records the spontaneous and continuous Li-ion transport between the two local 
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structures (Figure 1f). We also measured the sample of LiTFSI-infiltrated LiCOF, but no clear off-

diagonal cross-peak was observed (Figure S18). Hence, we believe that DMA not only releases Li+ 

cations but also serves as a molecular bridge for the hopping of Li+ ions (as illustrated in Figure 1f). 

We elucidate, for the first time, the Li+ ions from both the lithiated COF host and electrolyte guest 

could be well activated. 

 

Figure 4. Theoretical calculation of the binding energies of (a) Li with sulfoacid and (b) SO3Li with 

DMA. (c) Snapshot of the transfer channels of the LiCOF filled with DMA@LiTFSI from MD 

simulations. (d) Calculated RDFs of LiTFSI and DLC electrolyte. (e, f) Calculated mean square 

displacement (MSD) of (e) Li+ and (f) TFSI− ions as a function of the simulation time. 

The ionic diffusion kinetics of the electrolytes were further evaluated by molecular dynamics 

(MD) simulations (Figure 4c-f). The DLC electrolyte model was constructed by incorporating 

DMA@LiTFSI into the channels of LiCOF (Figure 4c). According to the calculated radial distribution 

functions (RDF(r)) in Figure 4d, the dominating peak of RDF(r) appears at 1.6 Å for Li-O (SO3
−) in 

pristine LiCOF, which is similar to the RDF (r) of LiTFSI salt, indicating the closely bound Li cations on 

the COF walls. In the DLC electrolyte, the solvation of the COF wall by DMA chains is evidenced as 
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shown by the RDF peak for Li-O at around 2.1 Å. From the time evolution of the mean square 

displacement (MSD) in Figure 4e, we observe that the Li+ in DLC shows a considerably faster diffusive 

behavior than that on LiCOF walls, and this is also in accordance with the above NMR analysis. The 

calculated Li+ diffusion coefficient is 6.67×10−9 cm2 s−1 in LiCOF while it increases to 1.02×10−7 cm2 s−1 

in DLC. However, the anions show the opposite trend, where the MSD curve of TFSI− in DLC increases 

first, but becomes stagnant afterward (Figure 4f). This demonstrates the anionic mobility in the 

channels is restricted compared with their free diffusion in bulk DMA@LiTFSI electrolyte (Figure 4f). 

The critical coupling of increased Li+ concentration, favorable chemical environment, and 

ordered channels facilitates enhanced ionic conductivity (σ). Calculated from the plots in Figure 5a, b, 

DLC has a σ of 1.65 × 10−4 S cm−1 (~ 20 times that of LiCOF pellet) along with a transference number 

t+ of 0.85 at 23 °C (Figure S19). The σ reaches 4.54 × 10−4 S cm−1 at 60 °C. Obviously, the Li+ 

conductivity in DLC relies on the bulk phase transport within COF because it increases with the 

DMA@LiTFSI loading, as shown in Figure S20. However, we also tested the pure DMA@LiTFSI, and it 

exhibits an inferior ionic conductivity of 1.04×10−5 S cm−1 and a low t+ of 0.32, which caused a much 

inferior cycling performance (Figure S21). Therefore, the ordered interfacial Li+ transport, especially 

the chemical environment of Li+ ions in the COF crystals also plays a critical role in improving the 

conductivity. Considering that the thickness of the DLC could be one order of magnitude thinner 

than that of the COF pellet, the actual conductance—more importantly in determining cell cycling[31] 

—is even higher. We note that although several COF based SSEs have been reported, the DLC here 

holds great promise for a practical SSB in terms of the critical parameters of σ, t+, thickness (l), and 

mechanical strength (summarized in Figure 5c and Table S1). 
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Figure 5. (a) EIS of SS|SSE|SS symmetric cells. (b) Ionic conductivities of SSEs. (c) 

Comparison of the key properties of SSEs, including ionic conductivity (σ), Li+ transference 

number (t+), thickness (l), and mechanical toughness (J) with those reported in the 

literature.[15, 16, 32-38] The star labels represent the results in this work. (d) Li|SSE|Li 

symmetric cell cyclability and (e) zoom-in voltage curves. FIB-SEM images and surface 

images of the cycled Li-metal electrodes paired with (f, h) LiCOF and (g,i) DLC. In-depth XPS 

profiles of (j) Li 1s and (k) N1s at different Ar+ sputtering times for cycled lithium metal. 

Quantitative nanomechanical mappings for lithium metal at a sputtering time of (l) 0 s and 

(m) 1,400 s. 

The high-performance DLC electrolyte enables a stable Li plating/stripping (0.3 mA cm−2) for 

450 h in a Li|Li symmetric cell as shown in Figure 5d. In sharp contrast, the neat COF electrolyte 

failed shortly with amplified overpotential. The low ionic conductivity and poor mechanical 
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properties of LiCOF pellets can barely afford practically needed cycling. As a result, highly porous and 

loosely connected electrodeposits (Figure 5f) and dendrites (Figure 5h) were found with focused ion 

beam scanning electron microscopy (FIB-SEM) when LiCOF was employed. This indicates the LiCOF 

pellet is limited in terms of regulating lithium deposition. On the contrary, the flexible and highly 

ionic conductive membrane realizes a dendrite-free and dense inner structure when DLC is used 

(Figure 5g, j).  

To further explore this stable Li plating behavior, X-ray photoelectron spectroscopy (XPS) 

depth profiling and peak force quantitative nanomechanical mappings (PFQNM) were utilized to 

probe the cycled Li metal. The results suggest that a dual solid-electrolyte interface (SEI) was formed 

on the surface, i.e., an inorganic inner layer and an organic outer layer. Specifically, we noticed that 

the inorganic Li-F and Li-N signals gradually intensified with the etching depth, whereas the organic 

C-F and C=O species (from DMA) accumulated on the surface (Figure 5 j,k). Accordingly, PFQNM 

reveals that the inner layer is rigid, having a higher Young's modulus of ~ 9 GPa (Figure 5m), covered 

by a soft layer (~ 4 GPa, Figure 5l) on the top. We suggest such a high-modulus inner layer efficiently 

suppresses dendrite growth[39] while the elastic top layer resulting from DLC electrolyte could hold 

the electrode/electrolyte contact during Li stripping/depositing. 
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Figure 6. (a) Charge–discharge profiles of the LFP/DLC/Li cell. (b) Charge–discharge curves 

for the LFP/DLC/Li and LFP/LiCOF/Li cells at 0.1C rate. (c) Rate performance. (d) 

Demonstration of a DLC-based foldable pouch cell. (e) Illustration of the preparation of 

integrated DLC-cathode structure via a scalable tap-casting method. (f) Cycling performance 

of a Li|DLC|LFP pouch cell at various degrees of bending deformation. All the cells were 

cycled at 45 °C. 

To demonstrate the DLC in a more practical regime, a full cell with LiFePO4 as a model cathode was 

fabricated. As shown in Figure 6a-c, the DLC solid-state battery exhibits multiple advantages: a high 

capacity of 145 mAh g−1 at 0.1C rate, reduced overpotentials, and good rate performance at 45 °C. 

After working at a current density of 0.2 mA cm-2 for 30 cycles, the capacity of the cell could recover 

back to around 104 mAh g-1 at 0.1 mA cm-2, and then stabilized at around 96 mAh g-1 after 140 cycles 

(Figure 6c), which were barely achieved with traditional COFs or PEO electrolytes. More importantly, 
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the excellent mechanical toughness also allowed us to fabricate a foldable solid-state pouch cell that 

could remain operational in various folded states as shown in Figure 6d. The precursor of DLC slurry 

could also be directly casted onto the cathode surface on a large scale, as illustrated in Figure 6e. 

Infiltrating the electrolyte could bridge the uneven voids of the electrode, and the following 

solidification process ensures the ultimate contact, which is critical to stabilizing the interfacial 

transport in solid-state batteries. To the best of our knowledge, this is the first demonstration of 

COF-based foldable solid-state batteries prepared with tape-casting. The resultant performance was 

barely impacted by a series of bending tests as shown in Figure 6f, where a capacity of 120 mAh g−1 

at 0.1C rate is delivered after 80 cycles. Moreover, The DLC based pouch cell delivered an initial 

discharge capacity of 122 mAh g−1 at 0.5C and 65 °C (Figure S22), and maintained 90.2% capacity 

retention after 130 cycles, displaying the great potential of the presented strategy.  

Conclusion 

The Li+ transport in covalent organic frameworks was boosted via an electrolyte mediation in 

foldable solid-state batteries. This category of SSE features exceptional Li+ migration ability, 

processability, and mechanical flexibility that have so far been challenging for traditional ceramic- or 

polymer electrolytes. The electrolyte solidification triggered by the lithium-salt altered the Li+ 

transport environment in the ordered channels, as confirmed by the 2D NMR, GIWAXS, and 

theoretical calculations. In a typical Li/DLC/LFP full cell, we realized a capacity of 120 mAh g−1 at 

room temperature during rigorous folding tests. We believe this electrolyte mediation strategy 

paves the way towards many other porous materials that could go beyond safe, flexible, solid-state 

batteries.  
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A high-performance solid-state electrolyte is presented by an engineering of the molecular 

channels in lithiated covalent organic frameworks (COFs). In-situ electrolyte mediation in the COF 

increases charge-carrier concentration, eliminates interfacial defects, and activates the motion of Li+ 

ions in a directional manner. The COF-based electrolyte demonstrates reliable electrochemical 

cyclability in pouch cells. 

 

 

 


