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1 | INTRODUCTION

| Qichun Zhang'?

Abstract

Covalent organic frameworks (COFs) are porous materials with good crys-
tallinity, highly ordered stacking, tunable channels, and diverse functional
groups that have been demonstrated to show great potential applications in
flexible electronic devices, including flexible energy storage devices (batteries
and supercapacitors), memristors and sensors. Although great research
progress on the usage of COFs as active elements in flexible electronics has
been witnessed, the summary in this direction is rare. Thus, it is the right time
to write a review on COFs-based flexible electronics. In this review, we will
first discuss the different synthesis strategies to prepare COF materials. Then,
the applications of COFs in flexible electronic devices are summarized.
Finally, the future performance improvement and development directions of
COFs in the field of flexible electronic devices are briefly outlined. This review
could provide basic concepts and some guidelines to stimulate novel appli-
cations of COFs in diverse flexible electronic devices.
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conditions, mechanical stresses and chemical sub-
stances.'® ' Therefore, the development of new functional

In recent years, flexible electronic devices have attracted
extensive attention from the scientific research and in-
dustrial communities due to their excellent mechanical
flexibility, lightweight and high-strength structural fea-
tures.'”” Flexible devices can be seamlessly integrated with
the human-machine environment, showing broad appli-
cation prospects in the fields of wearable electronic de-
vices, human-computer interaction systems, electronic
skin and biomedical devices.*>® In practical applications,
devices need to withstand changing environmental

materials to meet the multi-faceted requirements is
currently a popular research topic. However, inorganic
materials and inorganic-organic hybrid materials, used for
flexible electronic devices, have certain limitations.?
Inorganic materials are generally more brittle and require
higher preparation temperatures. In contrast, inorganic-
organic hybrid materials face several challenges, such as
poor interfacial compatibility and complex synthesis pro-
cesses. Besides, both types of materials have the disad-
vantages of high cost and environmental unfriendliness. In
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addition, some organic materials have weak thermal and
chemical stability, which is not suitable for some operating
environments of flexible electronic devices.'*'° Therefore,
finding a material with high stability, environmental
friendliness and low cost is crucial for the future develop-
ment of flexible electronic devices.

Among all organic materials for flexible electronics,
covalent organic frameworks (COFs) have attracted sub-
stantial attention as one type of emerging porous crystal-
line organic material with high thermal and chemical
stability.'®!” They are made from small organic building
units connected through covalent bonds with good crys-
tallinity, high porosity, high specific surface area (SSA),
high tunability and structural diversity.'®** COFs have
been shown to have a wide range of applications in various
disciplines, such as catalysis, energy storage and conver-
sion, optoelectronics, and chemical sensing.”*> Their
success in multidisciplinary applications holds promise for
providing new research opportunities. Although low con-
ductivity and poor processability might restrict COFs in
flexible electronic device applications,>**> the recent
advance in developing different strategies to fabricate COF
films various flexible devices, especially for flexible energy
storage devices, has been witnessed.

In this review, we first summarize the synthesis
strategies of COF materials. Then, the applications of
COFs in flexible energy storage devices, data storage de-
vices and sensor devices are discussed. Finally, an outline
of the future development as well as novel potential ap-
plications of COFs are provided. We believe that an in-
depth exploration of the applications of COF in the field
of flexible devices will help promote the advancement of
flexible electronics technology. This lays the foundation
for realizing the commercial application of next-
generation flexible electronic devices (Scheme 1).

2 | SYNTHESIS OF COF MATERIALS

The synthesis of COFs and the subsequent fabrication of
COF-based films are pivotal steps for their applications in
flexible electronic devices. Typically, COFs were obtained
as powders through solvothermal methods, where organic
monomers could be linked together through imine, boro-
nate ester or other bonds to form two-/three-dimensional
networks.*® To incorporate COFs into flexible devices,
several ways to prepare COF-based thin films have been
reported, which are summarized as follows.

2.1 | Powder-pressing method

Pre-synthesized COF powders can be transformed
into films using a hydraulic press under controlled
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Scheme 1 Basic properties of COFs and the three kinds of
flexible electronic devices developed based on them.

pressure.’”*® For example, Xu et al. demonstrated the
fabrication of crystalline COF films from powder through
the application of an uniaxial hydraulic press at 150°C.
This method enhances its mechanical strength and in-
duces preferential orientation along the (001) facet,
thereby rendering the films advantageous for deployment
as solid-state electrolytes in flexible battery systems.*
However, the intrinsic low conductivity of COFs limits the
applicability of this method for other electronic devices.*’

2.2 | Fabrication of COF composites

The incorporation of conductive supporting materials,
such as graphene,"** carbon  nanotubes,**®
MZXenes,*”° or conductive polymers,>>* into COFs is
a prevalent strategy to improve their mechanical prop-
erties and electrical conductivity. These composite films
can be prepared by simply blending COF powders with
the desired additives. Besides, a flexible, freestanding thin
composite film with excellent conductivity and an or-
dered pore structure can be obtained through electrostatic
self-assembling.*******° In addition to self-assembling,
Kaskel and Zhao et al. used a one-step self-templated
strategy to grow polypyrrole (PPy) on the COF surface
or in the pores to obtain high-quality films.”*>> Moreover,
in situ growth of COF on the surface of conductive carbon
materials has also been proven to be a good method to
obtain films with good flexibility.*>™** For example, the
intermolecular -7 interaction between the surface of
reduced graphene oxide (rGO) and COF enhances the
robustness of the as-obtained films.*"**
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2.3 | Solution-processable COFs

The covalently connected nature of COFs generally ren-
ders them insoluble in most solvents, limiting their so-
lution processability. However, the solubility and
dispersibility of COFs in various solvents can be
improved by judicious design of monomer structures and
reaction conditions or through exfoliation strategies.
These methods enable solution-based deposition tech-
niques like spin-coating or dip-coating.’>>° Besides, the
protonation of COF linkages by strong acid allows it to be
dispersed into several layers of films in the solution.
Then, the COF film could be obtained by drop-casting
and shows good electronic performance.”® Liu and
Yuan et al. introduced well-designed building blocks into
COFs. The film obtained by the chlorobenzene solutions
plays a passivation role in perovskite solar cells.’®*
Moreover, uniform COF films can also be peeled off and
grown by electrochemical methods.>>’

2.4 | Interfacial growth

Direct growth of COF films can be achieved through
interfacial polymerization reactions at liquid-liquid,®®®*
gas-liquid,®*® or solid-liquid interfaces.”” By carefully
controlling the reaction conditions and dynamics at these
interfaces with templates, high-quality COF films con-
structed with irreversible linkers can be formed in situ at
these interfaces. Feng et al. creatively place surfactant
monolayer at an air-liquid interface as a template to
arrange monomers into an ordered pattern, the reaction
initiated at the order monomers, resulting in highly
crystalline COF films. Through the surfactant-
monolayer-assisted interfacial synthesis (SMAIS) strat-
egy, a highly crystalline film with controllable domain
size and thickness can be obtained.®® This gas-liquid
interface synthesis method (SMAIS) has received wide-
spread attention and is used to synthesize COF films with
different structures and in different electronic de-
vices.®***® Zheng et al. employed sacrificial small-
molecule structure-directing agents to orchestrate the
interdigitation of adjacent crystalline polymer chains
across grain boundaries, constructing a novel intercrys-
talline architecture—the woven grain boundary. Among
their notable achievements, this is particularly worth
highlighting. This ingenious woven grain boundary motif
endowed the fully crystalline 2D COF films with excep-
tional mechanical robustness, toughness, and elasticity,
which holds profound implications for the implementa-
tion of COFs in flexible device applications.®® In addition
to the template methods, the systems with highly
reversible linkers, crystalline films could be synthesized

without templates at both liquid-liquid interfaces and
gas-liquid interfaces. For example, Banerjee et al. pre-
pared highly crystalline COF films with a controllable
thickness of 50-200 nm, which also demonstrates its
certain universality.®® Importantly, at the dual-solvent
gas-liquid interface, the preparation of COF films with
controllable thicknesses of 2-150 nm can be achieved at
the wafer level by limiting the reaction area.®

2.5 | Electrochemical methods
Electrochemical techniques have recently emerged as a
promising approach for the synthesis of COFs, offering
advantages such as milder reaction conditions, shorter
reaction times, and better control over film thickness and
morphology.®’

One in situ electropolymerization strategy reported by
Nejati et al. involves the coupling reactions of the
oxidized para-aminophenyl substituents of 5,10,15,20-
tetrakis(4-aminophenyl)porphyrin (TAPP) monomers on
the electrode surface.® This process forms phenazine-
linked COF films directly on the electrode, exhibiting
good crystallinity and tunable thickness. Zhang et al.
demonstrated the possibility of simultaneous polymeri-
zation and controllable film fabrication of C-C linked
COF at the cathode surface through electrochemical
dehalogenation under neutral and mild conditions.”"”?

2.6 | Other methods

Additional approaches to fabricating high-quality COF
films include chemical vapor deposition techniques,’*”*
as well as solid-state reactions between monomers or
COF precursors together with catalysts coated on the
surface glass slide in a sealed system.”>”°

3 | COFs FOR DIVERSE FLEXIBLE
ELECTRONIC DEVICES

In the rapidly evolving field of flexible electronic devices,
COFs have emerged as a pivotal material due to their
unique structural versatility and tunable properties. This
section delves into the integration of COFs into the realm
of flexible electronics, highlighting their potential to
enhance device performance and flexibility. We will
explore various applications of COF-based materials in
different devices, including energy storage devices, sen-
sors and memristors, underscoring the advancements
and challenges in this area. The discussion aims to pro-
vide a comprehensive overview of current achievements
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and the promising future of COFs in improving the
functionality and adaptability of electronic devices.

3.1 | Energy storage devices

Energy storage devices play a very important role in the
development of modern flexible wearable devices.”’
Therefore, the development of energy storage devices
with a long cycle life and excellent energy density has
become one of the major challenges.”® The application
of COFs in flexible energy storage devices mainly fo-

cuses on solid-state lithium-ion batteries and
supercapacitors.
3.1.1 | Batteries

COFiswidely used as a solid state electrolyte (SSE) in solid-
state batteries. Xu et al. prepared flexible COF SSE films
with high electrical conductivity and excellent mechanical
strength.”® The COF contained electron-withdrawing
triazine and polyfluorophenyl groups. This COF SSE had
good mechanical properties and could significantly inhibit
the growth of lithium dendrites. The solid-state pouch cell
based on this COF can work efficiently even in the fully
folded state. Manthiram et al. loaded the novel electrolyte
DMA@LITFSI into LiCOF pores for in situ polymeriza-
tion.”® The COF-SOH was prepared via a Schiff-based
condensation reaction between 1,3,5-tricarbonylresorci-
nol and 1,4-phenylenediamine-2-sulfonic acid. Then, the
COF-SOH was lithiated to obtain LiCOF (Figure 1B). The
as-synthesized DMA@LITSFL-mediated COF electrolyte
(DLC) compensated for the defects of traditional solid
polymer electrolyte (SPE) and the original LICOF transport
mode, which effectively improved the conductivity of Li*
(Figure 1A). Significantly, it could be fabricated into ultra-
thin films with high flexibility. This novel SSE was used in
the assembly of the foldable solid-state flexible pouch cells.
Compared to LiCOF electrolyte, the DLC electrolyte
allowed for stable lithium plating/stripping (0.3 mA cm™?)
in LiISSEILi symmetric batteries for a duration of 450 h
(Figure 1C). As a flexible pouch battery, this battery could
remain operational in various folded states, even in a fully
folded state (Figure 1D). The direct casting of the precursor
of the DLC paste onto the cathode surface ensured uniform
contact between the electrolyte and the electrode
(Figure 1E). After a series of bending tests, the final per-
formance of the battery was virtually unaffected, delivering
a capacity of 120 mAh g~ at a rate of 0.1 C after 80 cycles
(Figure 1F).

The above COF-based electrolytes achieved good
electrical conductivity through electrolytes encapsulated

in the pores of the COF. Researchers have also investi-
gated the direct modification of the COF by introducing
ion-conducting chemical groups to prepare COF con-
ductors. Huang et al. prepared a COF with multi-cationic
molecular chains (COF-MCMCs) solid-state electrolyte
for selective and efficient ion transport (Figure 2A).*” In
this electrolyte, the multication molecular chains formed
an ion transport network that acted as cation-selective
gates. Li* could move rapidly through the channels,
while anion migration was paralyzed by Coulombic in-
teractions. Then a solid-state battery was initially
assembled to test the electrochemical performance of the
COF-MCMC electrolyte. It exhibited excellent multipli-
cative performance with more than 100 cycles at 0.2 C
without obvious capacity loss. In addition, a flexible
pouch cell with a limited lithium source (50 um Li/Cu
foil) was fabricated, and it could be successfully per-
formed for 50 cycles at 0.1 C (Figure 2B). Remarkably,
this flexible pouch cell could continue to work after
bending, rolling, or cutting to power the light panel (in-
serts of Figure 2B).

In addition to their application in solid-state lithium-
ion batteries, COFs were also employed as a protective
layer in aqueous zinc-ion batteries. Guo et al. attached
FCOF to the surface of Zn to make the FCOF@Zn elec-
trode.®” The FCOF was synthesized with 2, 3, 5, 6-
tetrafluoroterephthaldehyde and 1, 3, 5-tris (4-amino-
phenyl) benzene (Figure 2C). Strong interactions between
fluorine and zinc in FCOF reduced the surface energy of
zinc, thus inhibiting the growth of dendrite. Moreover, the
fluorine-containing nano-channels could promote ion
transfer and prevent electrolyte penetration, thus
improving corrosion resistance. In this research, a flexible
transparent battery with MnO, cathodes and FCOF@Zn
anodes on flexible PVC substrates was assembled
(Figure 2D). The FCOF film on the surface of Zn foil was
tight enough even when the Zn foil was rolled and bent
(Figure 2E). In terms of practical applications, the flexible
battery could be used in wearable bracelets to light up light-
emitting diode (LED) indicators (Figure 2F). The cycling
performance of the flexible cell under different bending
conditions was tested (Figure 5G-I). The charging and
discharging curves remained almost unchanged at
bending angles of 0°, 45°, and 60°, respectively (insets of
Figure 5H,I). It indicated that the flexible battery had
excellent performance with good mechanical stability and
flexibility for practical applications.

3.1.2 | Supercapacitor

There are two mechanisms for supercapacitors: electro-
chemical double-layer capacitance (EDLC) and
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pseudocapacitance (PC).””® COFs can realize high
EDLC and high PC as the electrodes of super-
capacitors.®>®* The nt-7 stacking as well as the high SSA
of COFs can provide EDLC. Meanwhile, the abundant
redox active sites on COFs can provide PCs. In addition,
lightweight electrodes are crucial for the development of
flexible supercapacitors (FSCs). COFs, as organic mate-
rials, can fulfill this point very easily. In 2018, Banerjee
et al. realized the development potential of COFs in the
FSC field. Then, the first COF-based self-standing FSC
was prepared.”” In this work, anthraquinone and

anthracene were selected to prepare solid-state symmet-
ric COF as electrodes in FSCs. Due to the poor conduc-
tivity of COFs, some common conductive materials,
including MXene, graphene and polypyrrole (Ppy), were
generally introduced to improve their conductiv-
ity,#1:4245747:49.30.5285 yong et al. prepared a COF/MXene
membrane electrode through a self-assembly process.**-*°
FSCs based on this electrode showed no significant
change in CV curves under multiple bending conditions.
Bending or twisting the device while supplying power to
LEDs did not affect the current accordingly. This
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VCH. (C) Chemical structure of FCOF and digital photographs of FCOF film. (D) Schematic structure of the flexible transparent aqueous
zinc ion battery. (E) Digital photographs of FCOF@Zn in bending state. (F) A digital photograph of the battery powering an LED on a
wearable device. (G-I) Cycling performance of flexible transparent batteries in different bending states. The insets are selected voltage-time

profiles. Reproduced under terms of the CC-BY license.®’

demonstrated the excellent flexibility of the device for
promising practical applications. Besides, the self-healing
FSCs assembled by Lv et al. based on COF composites
and novel ion-gel electrolyte were impressive. In this
research, rGO was used to prepare a DaTp-COF/rGO
hybrid electrode.®® More importantly, a novel self-healing
ion-gel electrolyte (Pos/Zn*"/2IL) was developed,
providing the foundation for the mechanical stability and
self-healing ability of the FSC (Figure 3A). This kind of
electrolyte was tightly attached to the COF/rGO electrode
to steadily assemble the FSCs. The hybrid electrode did
not separate or peel off, even if the device was bent or

Copyright 2021, Springer Nature.

folded. The stability was also confirmed by CV curves due
to the negligible change during the bending process
(Figure 3B). The capacitance retention of the FSC could
reach as low as 95% during bending from 0 to 120°.
Notably, FSCs also displayed excellent self-healing capa-
bilities. After being cut in half and healed for 90 min
without external intervention, the specific capacitance
remained at 138 F/g (Figure 3C). In addition, during the
healing process, the FSC could also continue to light up
the LED bulb (Figure 3E).

In recent studies, COFs have also been used directly
as electrodes for energy storage. Qiao et al. assembled
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A-COF and B-COF through layer-by-layer transfer to
obtain ABA-COF superlattice material with a “nano-
hourglass” spatial configuration, accelerating dynamic
charge transport/accumulation and promoting sufficient
redox reactions due to EDLC and pseudo capacitance
energy storage mechanisms (Figure 3F).** Flexible
micro-supercapacitors, assembled with ABA-COF as
fork-finger electrodes, demonstrated good bending

resistance. There was no significant difference in the
frontal capacitance values at different bending degrees
from 0 to 180° (Figure 3G). Besides, the capacitance
retention rate was up to 83.9% after 8000 charge/
discharge cycles, showing good cycling stability.

COFs offer high surface area and tunable porosity,
enhancing the performance of flexible batteries and
supercapacitors. Their structural versatility allows for
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improved energy density, cycle stability, and mechanical
flexibility, making them ideal for next-generation portable
and wearable electronics.

3.2 | Memristor

A memristor is a nonlinear dynamic electronic device
with a memory effect that can change its resistance value
in response to external stimulation and maintain that
state, with potential for applications in areas such as
memory and neuron simulation.*’”** Meanwhile, the
active sites and pore environment of COFs can be altered
by monomer selection and post-modification. In this way,
the ionic conductivity required for memristor materials
can be generated. COFs can provide good platforms for
the development of new-generation memory devices.
Thus, COFs have attracted widespread attention in the
field of memristors in recent years.

Liu et al. used an interfacial method to prepare
2DPgra 4 ppa films for a nonvolatile resistive memristor
device via the Schiff base condensation reaction between
benzene-1,3,5-tricarbaldehyde (BTA) and p-
phenylenediamine (PDA) (Figure 4A).%% This is the first
time that 2D COFs were used to prepare memristors. The
intrinsic porosity, coordination ability of the imine
groups, and high uniformity of this 2DPgrs | ppa film

OH
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made it an ideal resistive switching dielectric layer for
electrochemical metallization memories. The prepared
Ag/2DPgra ., ppa/ITO devices demonstrated stable
memory behaviors, showing high on/off current ratios
over 1.0 x 10’ s after 200 cycles (Figure 4B). Besides, the
data retention capability extended up to 3.5 x 10* s
(Figure 4C). More notably, based on the thermal stability
of the 2DPgta + ppa film, the device remained reliable
after heating at 300°C (Figure 4D). Moreover, the
inherent flexibility and uniformity of the 2DPgta ; ppa
film allowed it to be applied to flexible memory devices.
The flexible device remained high performance after 500
bending cycles (Figure 4E). These indicated that the
amnesia had good mechanical stability and reliability.
COFs-based flexible memristors exhibit excellent
switching behavior, high endurance, and low power
consumption. Their customizable architecture and supe-
rior flexibility enable advanced data storage and neuro-
morphic computing applications, paving the way for
innovative, flexible electronic circuits and devices.

3.3 | Humidity sensor

Chemical sensors are a class of devices or materials capable
of detecting and measuring the presence or concentration
changes of specific chemicals (target molecules).>>* It is
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FIGURE 5 (A) Schematic of COF-5 film on PI substrate and structure of COF-5. (B) RH humidity test of the sensor after different
bending cycles at 180°. (C-E) Bending test of the humidity sensor at bending angles of 0°, 120° and 180°. (F) Schematic of the sensing
mechanism for practical applications. (G) The breathing signal monitored by the sensor on the mask. Reproduced with permission.”®

Copyright 2023, Wiley-VCH.

important for applications in environmental monitoring,
biomedicine, food safety and other fields. Excellent
chemical sensors require active materials with a large SSA,
a fast sensing response and abundant reaction sites.** The
large SSA and abundant active sites of two-dimensional
COFs can provide substantial areas for sensing process,
significantly improving the monitoring performance of the
sensors. COFs can integrate specific chemical acceptors
that could react with target molecules, thus inducing
changes in electrical signals.””® Therefore, COFs have
received extensive attention in the field of flexible sensors.

Mei et al. prepared COF-5 thin films with superior
hydrophilicity for assembling flexible humidity sensors
(Figure 5A).”° The COF-5 film was synthesized by a steam-
assisted conversion method. First, a solvent containing the

monomer was dripped onto the polyimide film. Then, the
polyimide film was placed in a sealed box to evaporate to
form the film. The judicious design stems from the
adsorption-desorption between water molecules and COF-
5 since it could lead to reversible deformation of the COF
layer and generate new conductive paths through n-m
stacking. The sensor exhibited good repeatability and
reversibility, with a response of 26 s and recovering time of
16 s, respectively. Besides, the corresponding curves of
sensing after 500 and even up to 1500 bending cycles were
basically the same, along with the performance at different
bending states, indicating good bending endurance
(Figure 5B-E). The humidity response of the sensor in the
bending state was basically the same as that in the normal
state with 50% relative humidity. Notably, the bent sensor
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maintained a linear response to humidity at different
bending angles, with an R, value of more than 0.978. The
excellent stability and sensitivity made COF-5 an ideal
candidate for flexible sensors in practical situations. A
medical mask to monitor breath rate was fabricated based
on COF-5 (Figure 5F). The sensor accurately recorded
respiratory signals over the course of 5 min of the test
(Figure 5G). This research opens up new possibilities for
flexible wearable devices in the monitoring of human life
and health.

COFs provide excellent sensitivity, selectivity, and
mechanical resilience in flexible sensors. Their tunable
chemical functionalities and robust frameworks enhance
the detection of gases, biomolecules, and environmental
changes, making them crucial for flexible, wearable, and
real-time monitoring technologies.

4 | SUMMARY AND OUTLOOK

In this review, the synthesis of COFs and their applica-
tions in flexible electronic devices have been summa-
rized, including energy storage, data storage and sensing.
Despite the impressive advances in COFs for flexible
electronics, numbers of research in various domains
remain limited. There is a clear need for further explo-
ration to expand the utility of COFs in this rapidly
evolving field.

COFs exhibit significant potential in flexible elec-
tronics due to their distinct porous structure, high surface
area, crystallinity, and numerous reactive sites. Although
COFs inherently exhibit low conductivity, their physico-
chemical properties can be enhanced through various
strategies. For flexible energy storage devices, the high
surface area and active sites of COFs can potentially in-
crease the specific capacity of electrode materials, offer-
ing a novel approach for developing high-energy-density
batteries and supercapacitors. Presently, using additives
such as conductive polymers, carbon nanotubes, and
other conductive materials for COFs composites through
physical mixing can improve overall conductivity and
optimize pore structure and active site distribution, thus
balancing high energy and power densities. Future work
could delve into COF through chemical modifications for
energy storage applications.

COFs have also garnered interest in data storage,
where their ion transport and redox behavior could
enable low-power, high-density, nonvolatile memory.
Furthermore, COFs with unique structures could exhibit
dielectric properties, opening new avenues for storage
unit construction. In photodetectors, the semiconducting
nature and m-electron systems of COFs could offer

photoactivity. By fine-tuning their structure and pore
environment, COFs could also be applied to solar cells
and photodetection.’*'%

In sensor technology, COFs can be functionalized with
specific groups to recognize particular molecules or ions,
and their porous nature can concentrate guest molecules.
Current research on COF-based sensors primarily in-
vestigates interactions with small molecules. However, the
solubility and processability of traditionally synthesized
COF powders are limited, hindering their application in
wearable flexible devices. The development of COFs with
good solubility and processability can contribute to the
development of COFs for sensor applications.

Despite the promising applications of COFs in flexible
electronics, the integration of COFs in devices still faces
challenges, including the poor solubility and process-
ability. Developing thin-film COFs that can grow orderly
on substrates and align with existing integrated circuits
processes is crucial. Moreover, enhancing the conduc-
tivity without compromising the structure and porosity of
COF is a significant hurdle. Designing new conductive
COFs is a vital future direction. Additionally, it is
necessary to explore the physicochemical properties and
application potential of COFs to provide a theoretical
basis for their use in novel devices, such as photovoltaic
conversion and energy transfer. For example, photoelec-
tric conversion, energy transfer, and ion transport. In
addition, integrating flexible COF devices is a major
challenge. COFs need to be efficiently integrated into
flexible substrates while maintaining device stretchability
and flexibility. Therefore, advances in material design,
interface engineering, and integration methods are
necessary.

In short, COF-based flexible electronic devices
represent an exciting frontier with rich scientific chal-
lenges and vast application potential. With sustainable
research efforts and cross-disciplinary collaboration, we
anticipate groundbreaking innovations in COF-based
flexible electronics.
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