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Abstract: Despite the enormous interest in Li metal as
an ideal anode material, the uncontrollable Li dendrite
growth and unstable solid electrolyte interphase have
plagued its practical application. These limitations can
be attributed to the sluggish and uneven Li+ migration
towards Li metal surface. Here, we report olefin-linked
covalent organic frameworks (COFs) with electroneg-
ative channels for facilitating selective Li+ transport.
The triazine rings and fluorinated groups of the COFs
are introduced as electron-rich sites capable of enhanc-
ing salt dissociation and guiding uniform Li+ flux within
the channels, resulting in a high Li+ transference
number (0.85) and high ionic conductivity
(1.78 mScm� 1). The COFs are mixed with a polymeric
binder to form mixed matrix membranes. These mem-
branes enable reliable Li plating/stripping cyclability
over 700 h in Li/Li symmetric cells and stable capacity
retention in Li/LiFePO4 cells, demonstrating its poten-
tial as a viable cationic highway for accelerating Li+

conduction.

Introduction

The growing demand for high-energy-density rechargeable
batteries for electronics, electric vehicles, and smart grid
storage has triggered the search for alternatives to cathodes
and graphitic anodes, which have unfortunately reached

their capacity limits.[1–5] Accordingly, Li metal anode has
been identified as a promising solution owing to its high
theoretical specific capacity (~3860 mAhg� 1) and low elec-
trochemical potential (~ � 3.04 V).[6–8] In addition, owing to
these advantages, Li metal batteries (LMBs) can achieve an
energy density of 500 Whkg� 1, indicating that they can fulfill
the industrial requirements for practical applications in
electric vehicles and grid-scale energy storage systems.[9–11]

However, the vigorous reactivity of Li metal with
electrolytes is a major challenge in achieving the high-
energy-density target. To stabilize Li metal anodes, it is
essential to form a stable solid-electrolyte interphase
(SEI).[12–14] However, the SEI layer is fragile and susceptible
to fracture, causing undesired side reactions and Li dendrite
growth, which result in poor Coulombic efficiency and
internal short circuit failures.[15–16]

Numerous approaches have been implemented to ad-
dress the aforementioned issues, including new electrolytes
design, artificial SEI, Li hosts, and functional separator
membranes.[17–23] Among these approaches, the use of
covalent organic frameworks (COFs) in Li protective layers
and single-ion conducting electrolytes has been
investigated.[24–28] COFs are a class of porous crystalline
polymers, in which organic structural units are finely
integrated into an ordered two-dimensional (2D) planar
structure with atomic precision through covalent
bonding.[29–43] COFs are known to consist of lightweight
elements (such as C, H, O, F, and N), resulting in low
weights comparable to those of commercial separators.[44]

Thus, they can be suggested as promising alternative
separator without impairing gravimetric energy densities of
the resulting batteries. As the unstable Li plating/stripping
behavior is mainly due to the sluggish and uneven Li+

migration towards the Li metal anodes, COFs can be
considered as a promising platform for enabling selective
Li+ conduction via their customized ion-conducting
channels.[45]

To achieve this goal, herein, we present olefin-linked
COFs with electronegative one-dimensional (1D) channels.
Triazine rings and fluorinated groups were incorporated into
the COF skeletons to serve as electron-rich sites capable of
having electrostatic interaction with electrolytes impreg-
nated in the channels, thereby promoting the dissociation of
salt to generate Li+ and counter anions, and guiding uniform
Li+ flux within the channels. To gain a mechanistic under-
standing of the effects of COF, we synthesized a series of
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COFs by varying the number of fluorine atoms in the olefin
linkage, thus manipulating the electronegativity of the
channels.
Thereafter, the COFs were mixed with polytetrafluoro-

ethylene (PTFE) binder to produce mixed matrix mem-
branes that can act as separator membranes when placed
between electrodes. Under an optimal electronegativity
environment, the COF membrane exhibited a high Li+

transference number (tLi+) of 0.85 and high ionic conductiv-
ity of 1.78 mScm� 1 at room temperature, demonstrating its
role as a class of cationic highway for accelerating Li+

transport. Owing to this beneficial effect, the COF mem-
brane enabled reliable Li plating/stripping cyclability for
over 700 h in Li/Li symmetric cells. Furthermore, the COF
membrane enabled a Li/LiFePO4 cell to achieve stable
capacity retention, verifying its potential as a cationic
highway membrane for Li metal cells.

Results and Discussion

Three electronegativity-adjustable COFs (0F-COF, 1F-COF,
and 2F-COF) with olefin linkage were synthesized using
2,4,6-trimethyl-1,3,5-triazine (TM) as the knot and tereptha-
laldehyde (TA), 2-fluoroterephthalaldehyde (FP), and 2,5-
difluoro-1,4-benzenedialdehyde (FB) as the linker via
Knoevenagel condensation (Figure 1a). The distribution of
the electronegative walls increased with an increase in the
number of fluorine atoms in the skeleton (Figure 1b). The
chemical structures of these COFs were characterized using
Fourier transform infrared (FT-IR) spectra and solid-state
13C cross-polarization magic angle spinning nuclear magnetic
resonance (CP/MAS NMR) spectra. Newly formed peaks
were observed in the FT-IR spectra at 1624 and 993 cm� 1,
which were assigned to the stretching vibration of trans C=C
linkages (Figure S1). Further, the peaks attributed to the
C=O stretching band at 1691 cm� 1 disappeared in the FT-IR
spectra of the COFs at high polymerization degrees. In
addition, an intense peak was observed in the FT-IR spectra
of 1F-COF and 2F-COF at approximately 1250 cm� 1, which
was assigned to the C� F bonds, indicating that the fluori-
nated groups were retained after the Knoevenagel conden-
sation. The characteristic signals of the carbons observed in
the solid state 13C CP/MAS NMR spectra of these COFs
were assigned to their corresponding chemical structures
(Figure S2–S4). The peaks observed at approximately 155
and 125 ppm were attributed to the carbons of the olefin
linkages, further confirming the successful Knoevenagel
condensation in these COFs. In addition, the signals
observed at approximately 171 ppm were attributed to the
carbons of triazine units in these COFs. The peaks observed
at approximately 176 ppm in the spectra of 1F-COF and 2F-
COF were assigned to the carbons of C� F bonds, further
confirming that the fluorinated groups were retained in the
COFs networks after polymerization (Figure S3 and S4).
Thermogravimetric analysis (TGA) revealed that these
COFs exhibited a good stability under nitrogen atmosphere
(Figure S5). Elemental analysis revealed that the elemental
contents in these COFs were consistent with the theoretical

values calculated using the frameworks (Table S1). The
morphology of the as-synthesized COFs was investigated
using field emission scanning electron microscopy (FE-
SEM). The FE-SEM image revealed that 0F-COF and 1F-
COF exhibited a uniform fiber-like morphology, whereas
2F-COF contained irregular nanoparticles (Figure S6).
The crystalline frameworks of these COFs were inves-

tigated using powder X-ray diffraction (PXRD) measure-
ment. Four distinct peaks were observed in the PXRD
pattern of the 0F-COF at 4.91, 8.40, 12.81, and 26.66°, which
were assigned to the 100, 110, 210, and 001 facets,
respectively (Figure 1c). In addition, peaks were observed in
the PXRD pattern of 1F-COF at 4.86, 8.48, 13.56, and
25.58°, which can be assigned to the 100, 200, 300, and 001
facets, respectively (Figure 1c), and at 4.59, 6.10, 12.68, and
25.67° in the PXRD pattern of the 2F-COF, which can be
assigned to the 100, 110, 220, and 001 facets, respectively
(Figure 1c). The corresponding theoretical structures were
reconstructed by Pawley refinements using the self-consis-
tent charge density functional tight binding (SCC-DFTB)
method. As shown in Figure 1c, the difference (black curves)
between the PXRD curves calculated from Pawley refine-
ment and the experimental PXRD profiles of all the COFs
is negligible, indicating that these COFs adopted the AA
stacking mode. The 0F-COF (5.88% for Rwp and 4.58% for
Rp) exhibited a hexagonal unit cell (P6/m) with parameters
of a=b=21.3258 Å, c=3.3776 Å, α= γ=90°, and β=120°;
the 1F-COF (4.98% for Rwp and 3.81% for Rp) exhibited a
hexagonal unit cell (P6) with parameters of a=b=28.8 Å,
c=3.4079 Å, α= γ=90°, and β=120°; and the 2F-COF
(3.90% for Rwp and 3.03% for Rp) exhibited a hexagonal
unit cell (P6/m) with parameters of a=b=22.0880 Å, c=

3.4614 Å, α= γ=90°, and β=120°. In contrast, the differ-
ences between the PXRD profiles generated from the
staggered (AB) stacking mode and the experimental
patterns of these COFs were significant (Figure 1c, cyan
curve).
The nitrogen adsorption isotherms were measured at

77 K to investigate the intrinsic porosity of these COFs. All
the COFs exhibited the typical type-I N2 sorption isotherms,
indicating that they exhibited microporous structures (Fig-
ure 1d). The Brunauer–Emmett–Teller (BET) surface area
of the 0F-COF, 1F-COF, and 2F-COF was 911, 806, and
871 m2g� 1, respectively. The pore size distribution calculated
using the density functional theory (DFT) model demon-
strated that the pore size of 0F-COF, 1F-COF, and 2F-COF
were centered at 1.2 nm (Figure S7).
The as-synthesized electronegative COFs were mixed

with PTFE binder to fabricate mixed matrix membranes
that can act as Li+ flux-enhancing separator membranes
between electrodes. The FE-SEM images of the mixed
matrix membranes revealed that the COFs were uniformly
distributed in the through-thickness direction of the mem-
brane (Figure S8). The resulting COF membrane exhibited
high flexibility with a thickness of 80 μm. To prepare the
electrolytes to be impregnated in the COF channels, lithium
bis-trifluoromethanesulfonimide (LiTFSI) was dissolved in a
solvent mixture (flouroethylene carbonate (FEC)/succinoni-
trile (SN)=1/20 (weight ratio)) at a molar ratio of LiTFSI/
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SN=1/20. Many previous studies reported the use of FEC/
SN electrolytes in Li batteries.[46–49] They demonstrated that
the addition of FEC into SN mitigated the SN-triggered
interfacial side reactions with the Li metal anode and the
resulting FEC/SN electrolyte allowed for the stable electro-
chemical performance of the Li batteries. Thereafter, the as-
prepared electrolyte (LiTFSI-SN/FEC) was impregnated
into the COF membranes after storage at 60 °C for 12 h. The

cross-sectional FE-SEM and corresponding energy disper-
sive spectroscopy (EDS) mapping images revealed that the
electrolyte was successfully embedded inside the porous
channels of the COF membranes, thus enabling ion trans-
port across the electrolyte-filled COF membranes (herein-
after, denoted as EL-COF membranes; Figure S9).
The EL-COF membranes with different numbers of

fluorine atoms in the skeletons exhibited a good flexibility

Figure 1. (a) Schematic synthesis route of COFs. (b) Electrostatic potential (ESP)-mapped surface of 0F-COF, 1F-COF, and 2F-COF. (c) PXRD
patterns of 0F-COF, 1F-COF, and 2F-COF: experimental (red), Pawley-refine (purple), simulated powder X-ray diffraction patterns of AA (orange)
and AB (cyan) stacking, and difference curves (black). (d) N2 adsorption-desorption isotherms of 0F-COF, 1F-COF, and 2F-COF under 77 K.
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(Figure 2a–2c). This mechanical flexibility of the EL-COF
membranes was further verified by quantitatively analyzing
their tensile stress-strain behavior (Figure S10). The me-
chanical strength values of the 0F-COF, 1F-COF, and 2F-
COF membranes were estimated to be 2.23, 3.11, and
3.63 MPa, respectively. The higher tensile strength of the
2F-COF membrane compared to other COF membranes
may be due to higher fluorine content. The ionic conductiv-
ities of the EL-COF membranes tended to increase in the
order of 0F-COF (1.12 mScm� 1)<1F-COF (1.49 mScm� 1)<
2F-COF (1.78 mScm� 1; Figure 2d), and were higher than
that of a control sample (electrolyte-filled glass fiber (GF)
and PTFE membrane) (Figure S11). This result indicated
the superiority of the EL-COF membranes in facilitating Li+

conduction. Particularly, 2F-COF exhibited the highest ionic
conductivity, indicating that it contained the highest number

density of fluorine atoms, which contributed to the facili-
tation of Li+ conduction.
In addition to the ionic conductivity, the Li+ trans-

ference number (t+) of the EL-COF membranes was
investigated using direct current (DC) polarization and AC
impedance methods with Li/Li symmetric cells (Figure 2e
and Figure S12). It should be noted that the low t+ of
electrolytes tends to result in the accumulation of large Li+

concentration gradient on the surface of Li metal anodes,
resulting in a strong interfacial electric field and acceleration
of dendrite propagation. The estimated t+ values of the 0F-
COF, 1F-COF, and 2F-COF were 0.72, 0.80, and 0.85,
respectively, which were significantly higher than that of the
GF membrane (0.36) and PTFE membrane (0.30) (Fig-
ure S11c). The higher t+ values of the EL-COF membranes

Figure 2. (a)–(c) Digital images of the EL-COF membranes before/after bending deformation (inset): (a) 0F-COF, (b) 1F-COF, and (c) 2F-COF. (d)
Nyquist plots of the EL-COF membranes at room temperature (Inset: ionic conductivity). (e) Li+ transference number of the EL-COF membranes.
(f) Linear sweep voltammetry (LSV) curves of the EL-COF membranes at room temperature. (g)–(i) Intermolecular interactions between LiTFSI
and EL-COF membranes: (g) 0F-COF, (h) 1F-COF, and (i) 2F-COF.
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were attributed to the electronegativity-rich 1D channels
which enabled ion-dipole interaction with Li+.
This advantageous effect of the EL-COF membranes

was theoretically verified using density functional theory
(DFT) calculation, with a focus on adsorption energy of Li+

to COF skeletons. The calculated adsorption energies of 0F-
COF, 1F-COF, and 2F-COF were � 0.29, � 0.36, and
� 0.68 eV, respectively (Figure 2g–2i). The enhanced adsorp-
tion energies of the 2F-COF were attributed to the electro-
negativity-rich sites derived from F atoms, which could
preferentially attract Li+, thereby increasing the number of
free Li+ and guiding uniform Li+ flux within the 1D
channels.
It is known that Li+ conductivity (= ionic conductivity×

t+) plays a more significant role in affecting practical cell
performance compared to ionic conductivity. Therefore, we
estimated the Li+ conductivity using the results of the ionic
conductivity and t+ (Figure 2d, inset and Figure S11b-c).
Among the membranes, the 2F-COF membrane exhibited
superior Li+ conductivity, underscoring the beneficial effect
of the electronegativity-rich 1D channels. The ionic con-
ductivity and Li+ conductivity of the 2F-COF exceeded
those of previously reported COF-based ion conductors
(Table S2).
The electrochemical stability window of the EL-COF

membranes was investigated using linear sweep voltammetry
(LSV) analysis (Figure 2f and Figure S11d). The EL-COF
membranes were electrochemically stable up to 4.2 V.
Particularly, the 2F-COF exhibited the highest oxidation
stability (�4.9 V vs Li/Li+), indicating its potential use in
high-voltage cells.
The effect of the EL-COF membranes on the Coulombic

Efficiency (CE) of Li during plating/stripping cycling was
investigated using Li/Cu asymmetric cells (Figure 3a). The
GF membrane exhibited an initial CE of approximately
70%, which declined rapidly after 20 cycles, indicating its
irreversible capacity loss owing to the uneven Li deposition
and uncontrollable lithium dendrite growth. In contrast, the
COF membranes exhibited significantly improved cycling
performance and CE, which was more pronounced in the
2F-COF (CE�94% after 100 cycles).
The initial Li plating profiles revealed that the GF

membrane exhibited an overpotential of 104 mV, which was
considerably higher than those of the 0F-COF (77 mV), 1F-
COF (60 mV), and 2F-COF (42 mV; Figure 3b). The lowest
overpotential value of the 2F-COF indicated that it
exhibited the smallest nucleation barrier, which contributed
to the facilitation of Li+ migration through the 2F-COF. In
addition, the EL-COF membranes exhibited lower voltage
polarization than the GF membrane with an increase in the
cycling numbers (Figure S13). The 2F-COF membrane
maintained its voltage of approximately 35 mV, demonstrat-
ing the advantageous effect of its electronegativity-rich 1D
channels.
Based on the above-described results of Li/Cu asymmet-

ric cells, we investigated the Li plating/stripping cyclability
of Li/Li symmetric cells assembled with the EL-COF
membranes. The GF and PTFE membrane exhibited
unstable Li plating/stripping voltage profiles with an in-

crease in the number of cycles at a current density of
0.5 mAcm� 2 and a capacity of 0.5 mAhcm� 2 (Figure 3c and
S14), even at a larger current density of 1 mAcm� 2 and a
capacity of 1 mAhcm� 2 (Figure 3d). In addition, the cell
with the GF membrane exhibited a short-circuit failure after
15 h at a current density of 1 mAcm� 2 and a capacity of
1 mAhcm� 2. This poor cyclability was attributed to the
uneven and irregular Li+ flux on Li metals, which enabled
the growth of Li dendrites. In contrast, the EL-COF
membrane exhibited significantly improved Li plating/strip-
ping cyclability and overpotential in the order of 0F-COF<
1F-COF<2F-COF. The well-defined 1D channels of the
EL-COF membranes enabled uniform Li+ flux towards the
Li metals. Moreover, owing to the electronegativity-rich
sites, the EL-COF membranes could guide Li+ migration
within the 1D channels, resulting in faster Li+ movement.
These results verified the viable role of the electronegativ-
ity-rich 1D channels of the EL-COF membranes in enabling
facile and uniform Li+ flux towards the Li metals, which
played a viable role in stabilizing the Li plating/stripping
cyclability. This improvement in the cyclability was verified
using electrochemical impedance spectroscopy (EIS) analy-
sis (Figure S15). The 2F-COF exhibited significantly sup-
pressed the increase in the cell resistance compared to the
other samples, demonstrating its advantageous effect on the

Figure 3. (a) Coulombic efficiency of Li//Cu asymmetric cells at a
current density of 0.1 mAcm� 2 with plating/stripping capacity of
0.1 mAhcm� 2. (b) Comparison of Li nucleation and voltage hysteresis
variation at 0.1 mAcm� 2 (inset: a magnified view in the potential range
below 0.0 V). Li stripping/ plating behavior of Li//Li symmetric cells at
a current density of (c) 0.5 mAcm� 2 for 0.5 mAhcm� 2 and (d)
1.0 mAcm� 2 for 1.0 mAhcm� 2 with GF (black), 0F-COF (cyan), 1F-COF
(orange), and 2F-COF (purple) (inset: the magnified views in the
different cycling time).
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Li metal stabilization. Particularly, the SEI resistance (RSEI)
of the membranes decreased in the order of GF>0F-COF>
1F-COF>2F-COF, indicating that the 2F-COF contributed
to the formation of a stable SEI layer, which enable facile
Li+ migration.
To further elucidate the aforementioned stable Li

plating/stripping cyclability of the EL-COF membranes, the
Li metals (after 100 cycles) from the Li/Li symmetric cells
cycled at a current density of 0.5 mAcm� 2 were analyzed.
Random and uneven Li dendrites were formed in the cycled
Li metal assembled with the GF membrane (Figure S16). In
contrast, the surface of the cycled Li metal coupled with the
EL-COF membranes exhibited a smooth and flat surface
morphology, which was more pronounced in the 2F-COF.
This difference in the morphology of the cycled Li metal

was verified by analyzing the SEI layers using X-ray photo-
electron spectroscopy (XPS) analysis. The C� C, C� O, C=O,
and CO3

2� peaks observed in the C 1s spectrum were
assigned to ROCO2Li, RCOOLi, and Li2CO3, respectively
(Figure S17). Organic components of the SEI, which are
composed of ROCO2Li and RCOOLi, are known to be
mechanically flexible, thus alleviating volume changes dur-
ing Li plating/stripping. The LiF, which is a major inorganic
component of the SEI, tends to increase in the order of 0F-
COF<1F-COF<2F-COF (Figure 4a–4b), indicating the im-
proved structural stability of the SEI. In addition, the Li3N
content in the SEI was increased in the EL-COF membranes
(particularly in 2F-COF). Considering that Li3N is known to
exhibit a high ionic conductivity (�10� 3 Scm� 2), the higher
Li3N content in the SEI facilitated Li

+ migration across the
SEI, beneficially contributing to reliable Li plating/stripping
behavior. To better elucidate the advantageous effect of the
2F-COF membrane on the Li plating/stripping cycling
behavior, we conducted in situ Raman and FT-IR spectro-
scopy characterization. The time-resolved contour map of
the in situ Raman and the FT-IR spectra of the 2F-COF
membrane were collected during the charging/discharging
process. The characteristic Raman peaks (Figure 4c) were
obviously observed, exhibiting the strong interaction be-
tween the 2F-COF and Li metal. In addition, the character-
istic FT-IR peak of the C� F bond was detected in the 2F-
COF (Figure 4d), demonstrating the viable role of the
electronegative channels of the 2F-COF.
This structural characterization of the cycled Li metals

was consistent with the Li plating/stripping cycling behavior
described above, demonstrating the effectiveness of 2F-COF
in stabilizing the Li metal owing to its electronegativity-rich
1D channels, which enabled uniform and facile Li+ flux
towards the Li metal.
The electrochemical performance of the EL-COF mem-

branes was investigated using a Li (thickness=450 μm) j j
LiFePO4 (LFP) (theoretical areal capacity=

0.425 mAhcm� 2) cell (CR2032-type) at room temperature.
The cyclic voltammetry (CV) profiles of the cells were
measured from 2.4 V to 4.2 V at a scan rate of 0.1 mVs� 1.
The characteristic peaks assigned to cathodic and anodic
reactions of LFP in the cathodes of the all cells were
observed with an increase in the number of cycles (Figure 5a
and Figure S18). These CV results were consistent with the

charge/discharge voltage profiles shown in Figure 5c and
Figure S19.
The cycling retention of the cells was examined at a

current density of 0.1 C (Figure 5b and S20). The capacity of
the cell with the GF membrane declined rapidly after 60
cycles, resulting in a capacity retention of 66% after 100
cycles. Meanwhile, the 0F-COF exhibited improved capacity
retention (88% after 100 cycles) compared to the GF and
PTFE membrane. In contrast, the 1F-COF and 2F-COF
membranes exhibited a high capacity retention of 99% after
100 cycles, along with stable voltage profiles. To further
elucidate this superior cyclability of the 2F-COF, we
examined the surface of the cycled Li metal anodes (Fig-
ure 5d). The cycled Li metal anode assembled with the 2F-
COF membrane exhibited a uniform and smooth surface

Figure 4. High-resolution XPS spectra of (a) F 1s and (b) Li 1s. (c) In
situ time-resolved Raman and (d) FT-IR spectra obtained during
discharging processes with Li/Li cell using 2F-COF separators. The
blue and red curves represent the discharging processes.
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compared to the other samples. This result indicates that
uniform and facile Li+ flux through the 2F-COF could
enable stable Li plating/stripping on the Li metal anode. In
addition to its superior cyclability, the 2F-COF membrane
exhibited the highest rate capability (Figure 5e and 5f).
The cell achieved a reliable cycling retention even at a

faster rate of 0.5 C owing to the aforementioned Li metal
stabilization and fast Li+ flux enabled by the 2F-COF
(Figure 5g). This cycling result of the 2F-COF outperforms
those of previously reported COF- based ion conductors
(Table S3), underscoring the rational design of the 2F-COF,
which is featured with electronegativity-rich 1D channels.

Conclusion

In summary, we presented olefin-linked COFs with electro-
negative 1D channels as a selective ion-transport strategy to
enable stable Li plating/stripping on Li metal anodes. To

this end, triazine rings and fluorine atoms were introduced
into the COF skeletons to enrich the electronegativity in the
1D channels, thereby enhancing the dissociation of Li salts
and guiding uniform Li+ flux within the channels. To
regulate the electronegativity of the 1D channels, a series of
COFs with different numbers of fluorine atoms in the olefin
linkage were synthesized. Among several (electrolyte-im-
pregnated) COF membranes explored, the 2F-COF mem-
brane, which exhibited the highest electronegativity, exhib-
ited a high tLi+ of 0.85 and high ionic conductivity of
1.78 mScm� 1, demonstrating the promotion of Li+ transport
via the 1D channels. Owing to these advantageous effects,
the 2F-COF achieved the reliable Li plating/stripping
behavior and the long cycling retention of Li metal cells
compared to previously reported COF-based ion conduc-
tors. The ion-selective COFs with electronegative channels
are promising as a class of cationic highway that can enable
uniform and facile Li+ transport towards Li metal anodes

Figure 5. (a) CV curves of the Li j jLFP cells with 2F-COF at a scan rate of 0.1 mVs� 1. (b) Cycling performance of the Li j jLFP cells with GF, 0F-COF,
1F-COF, and 2F-COF at 0.1 C. (c) Discharge/charge voltage profiles of the Li j jLFP cells with GF and 2F-COF at 0.1 C. (d) Surface FE-SEM images
of the cycled Li metal anodes after 100 cycles. (e) Discharge and charge voltage profiles of the Li j jLFP cells with 2F-COF at different current
densities. (f) Rate capability of the Li j jLFP cells with GF, 0F-COF, 1F-COF, and 2F-COF. (g) Cycling performance and Coulombic efficiency of the
Li j jLFP cells with 2F-COF at 0.5 C.

Angewandte
ChemieResearch Articles

Angew. Chem. Int. Ed. 2023, 62, e202307459 (7 of 9) © 2023 Wiley-VCH GmbH

 15213773, 2023, 37, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/anie.202307459 by Y

onsei U
niversitaet C

entral L
ibr, W

iley O
nline L

ibrary on [27/11/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



and can be extended as a platform technology to other metal
batteries (such as sodium, zinc, and magnesium).
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