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Abstract: Imine-based covalent organic frameworks
(COFs) are crystalline porous materials with prospective
uses in various devices. However, general bulk synthetic
methods usually produce COFs as powders that are
insoluble in most of the common organic solvents,
arising challenges for the subsequent molding and fixing
of these materials on substrates. Here, we report a novel
synthetic methodology that utilizes an electrogenerated
acid (EGA), which is produced at an electrode surface
by electrochemical oxidation of a suitable precursor,
acting as an effective Brønsted acid catalyst for imine
bond formation from the corresponding amine and
aldehyde monomers. Simultaneously, it provides the
corresponding COF film deposited on the electrode
surface. The COF structures obtained with this method
exhibited high crystallinities and porosities, and the film
thickness could be controlled. Furthermore, such proc-
ess was applied for the synthesis of various imine-based
COFs, including a three-dimensional (3D) COF struc-
ture.

Introduction

Covalent organic frameworks (COFs) are two-dimensional
(2D) or three-dimensional (3D) crystalline porous materials
constructed by connecting organic molecules with covalent
bonds.[1–3] Because they are composed of light elements and
porous structures with regularly ordered molecules, they
have a low density and a high surface area. Furthermore,
their pore size, shape and electronic state can be easily
controlled by designing the monomer molecules necessary
to build the frameworks. In particular, imine-linked COFs
have attracted extensive attention because of their excellent
thermal and chemical stability, together with the broad
monomer scope.[4] Thanks to these characteristics, imine-
based COFs have been examined as materials for various
applications such as gas storage and separation materials,[5–8]

catalysts,[9,10] and electrode materials.[11–13]

Currently, most of these imine-based COFs are synthe-
sized either under solvothermal conditions using water and
glacial acetic acid,[14–16] or at room temperature using Lewis
acid catalysts.[17] However, these methods usually produce
COFs as bulk powders that generally show poor solubility in
most of the common solvents, posing many challenges for
their subsequent processing and molding.[18] In this context,
with the aim to effectively utilize their large surface area
and expand their potential range for applications, several
fabrication methods for the production of 2D imine-based
COF sheets and films have been reported, including
exfoliation of bulk COFs into nanosheets,[19–22] use of gas-
liquid[23, 24] and liquid-liquid[7,25–27] interfaces, and the employ-
ment of supports acting as templates for the preparation of
freestanding films.[28] In addition, some methodologies for
fixing imine-based COF films onto different substrates have
been developed, including the treatment of a droplet of
monomer solution placed onto the substrate under solvo-
thermal conditions,[29,30] and the use of the substrate as a
template for carrying out the polymerization process while
controlling the bulk reaction.[31–33]

Several attempts to use electrochemistry for synthesizing
and fixing COFs on electrodes have been reported, e.g., the
fabrication of COF films by electrophoretic deposition
(EPD),[34–36] the production of COF films with phenazine
linkages by electrochemical radical coupling reaction,[37] and
the fixation of COF films by exfoliation of bulk COFs at the
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cathode followed by deposition at the anode.[38] Although all
of these methods successfully allow the production of COF
films onto the electrode surface, some issues remain, such as
the limitations of ionic building blocks for EPD, the low
crystallinity or porosity, and the need of multiple synthetic
steps to chemically synthesize COFs as precursors.

Here, we focus on an electrogenerated acid (EGA)
generated at the electrode surface by electrochemical
oxidation and propose to use it as a Brønsted acid catalyst
for the condensation reaction of amines and aldehydes to
form imine bonds. In general, an EGA is generated by the
oxidation of a trace amount of water in an aprotic organic
electrolytic solution and acts as a strong Brønsted acid
because it is not hydrated.[39] In addition, because it can be
generated in the proximity of the electrode surface, localized
reactions can be achieved near the electrode. Among EGAs,
1,2-diphenylhydrazine (DPH) is known to release a proton
at a potential lower than that of water oxidation and to
work as an acid, e.g., it has been used for the removal of the
t-BOC protecting group at any position for peptide array
synthesis[40] and for depositing organic molecular films on
glassy carbon (GC) electrodes.[41, 42]

In this work, we have successfully achieved the bottom-
up synthesis of imine-based COF films onto the electrode
surface by using an EGA as a catalyst for the condensation
reaction of amine and aldehyde monomers (Figure 1). In
this reaction system, DPH was chosen and employed as an
EGA source thanks to low oxidation potential, since the
oxidation of the EGA source must proceed preferentially
compared to the oxidation of the monomers. Film-like
deposits were obtained onto the electrodes immersed in an
electrolyte containing the monomers and DPH by the
potential-sweep method. Fourier transform infrared spectro-

scopy (FT-IR) and 13C cross-polarization/magic angle spin-
ning nuclear magnetic resonance spectrometry (CP-MAS
13C NMR) measurements revealed that the resulting depos-
its were COFs composed of imine bonds. The high
crystallinities and porosities of these COFs were evaluated
by small-angle X-ray scattering (SAXS) and N2 gas adsorp-
tion/desorption measurements. Furthermore, we addition-
ally applied this methodology for the synthesis of triazine-
based COFs and 3D COF structures. The use of EGA in the
COFs fabrication process has been demonstrated to be not
only an excellent method for fixing COFs onto the electro-
des, but also an innovative synthetic approach based on
sustainable electrosynthesis, thanks to features such as the
low environmental impact, the short reaction time under
mild conditions, and the easy purification process. Such
novel synthetic method for imine-based COFs fabrication
proposed in this work is expected to be a promising process
technology for COF-based applications, such as functional
modified electrodes and sensing devices.

Results and Discussion

We initially investigated the electrochemical behavior of
DPH and its accompanying change in acidity near the
electrode surface. Firstly, cyclic voltammetry (CV) of DPH
was performed in a nitromethane (MeNO2) solution con-
taining tetrabutylammonium hexafluorophosphate
(Bu4NPF6). An irreversible oxidation peak was observed
with the onset potential located at around 0.3 V vs. Ag/Ag+

(Figure S1), indicating that the electrochemical oxidation of
DPH induced its chemical transformation to azobenzene
through release of protons. The application of multiple
potential sweeps in the potential range between � 0.5 to
0.5 V gave rise to a gradual increase of the current (Fig-
ure 2a). To visualize such electrochemical reaction of DPH,
the potential sweep was performed with the addition of
methyl yellow as a pH indicator, which colors red under
acidic conditions (Figure 2b). As a result, the working
electrode surface turned red after one cycle, and the colored
portion diffused into the solution with repetitive sweep
cycles. Without DPH, such color change of the electrode
surface was not observed. Furthermore, when DPH solu-
tions were electrolyzed using the working electrode wrapped
with pH test papers, only the area covering the electrode
surface showed a red color corresponding to pH 2–3 (Fig-
ure 2c). The structural changes of DPH by electrochemical
oxidation were subsequently analyzed by 1H NMR. The
electrolysis of DPH was performed for 1.7 F mol� 1 either
with the constant-potential method at 0.5 V vs. Ag/Ag+ or
with the constant-current method. Comparing the 1H NMR
spectra of DPH before and after electrolysis, the signals of
DPH decreased while the signals of azobenzene appeared
(Figure S2). In other words, DPH released protons upon
electrochemical oxidation and got converted to azobenzene
as expected. These results indicate that DPH is electro-
chemically oxidized at around 0.3 V and the consequent
release of protons causes the pH near the electrode surface

Figure 1. Concept of this study: the use of electrogenerated acid (EGA)
for COFs synthesis and their immobilization onto the electrode
surface.
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to decrease, suggesting that DPH can work as a good EGA
source.

For the synthesis of imine-based COFs using an EGA as
an acid catalyst, it is necessary to consider the oxidation
potential of the monomer molecules consisting of the COFs
structure. Linear sweep voltammetry (LSV) of 1,3,5-tris(4-
aminophenyl)benzene (TAPB) as an amine monomer,
terephthalaldehyde (PDA) as an aldehyde monomer and
DPH as an EGA source was performed in 0.1 M Bu4NPF6/
MeNO2 (Figure 3a). These voltammograms show that PDA
does not undergo any redox reactions in the potential range
between � 0.5 and 1.2 V vs. Ag/Ag+. On the other hand, the
oxidation of DPH and TAPB proceeds at around 0.3 V and
0.35 V, respectively. Therefore, the oxidation of DPH is
most likely to occur at a lower potential to generate the acid
catalysts.

Subsequently, we examined the solvent composition for
the electrolysis. A mixed solution of 1,4-dioxane and

mesitylene, comsmonly used in the chemical synthesis of
COFs, was the first candidate, but the solution containing
0.1 M Bu4NPF6 was found to have very low conductivity
(0.039 ×10� 3 Sm� 1) and was not suitable as an electrolyte.
Therefore, we examined several organic solvents containing
0.1 M Bu4NPF6 for CV measurements and constant-poten-
tial electrolysis (0.2 V or 0.4 V) of TAPB, PDA, and DPH
(Figure S3, Table S1). Due to the low solubility of the
substrates in ethanol (EtOH), the current observed by the
CV measurements was low, and no deposit was obtained on
the electrode after the constant-potential electrolysis. When
using tetrahydrofuran (THF), dichloromethane, or chloro-
form, only a trace amount of deposits was obtained on the
electrode. This result may be attributed to the high solubility
of the generated oligomers and COFs in these solvents. The
currents observed in dichloromethane and chloroform were
low, suggesting that the electrochemical oxidation of DPH
did not proceed sufficiently. For dimethylformamide (DMF)

Figure 2. a) Cyclic voltammograms of DPH (20 mM) in 0.1 M Bu4NPF6/MeNO2 using an ITO working electrode (10 mm×10 mm), a Pt counter
electrode (20 mm×20 mm) and an Ag/Ag+ reference electrode for 20 cycles at a scan rate of 20 mVs� 1. Photographs of b) the cell during
electrolysis in the presence of methyl yellow and c) the cell during electrolysis with the ITO working electrode wrapped with pH test papers.

Figure 3. a) Linear sweep voltammograms of TAPB, PDA, and DPH (5 mM) in 0.1 M Bu4NPF6/MeNO2. b) Cyclic voltammograms of TAPB and PDA
with and without DPH, and photographs of the as obtained ITO electrodes. The electrolysis was performed using an ITO working electrode
(10 mm×10 mm), a Pt counter electrode (20 mm×20 mm) and an Ag/Ag+ reference electrode for 20 cycles at a scan rate of 20 mVs� 1.
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and dimethyl sulfoxide (DMSO), the counter electrode
became black immediately after starting the electrolysis,
followed by the generation of black suspension in the entire
solution, and no deposition was obtained on the electrode.
Similarly, when acetonitrile (MeCN) or acetone was used,
the entire solution was suspended during electrolysis, but
only a small amount of deposit was obtained on the
electrode. When MeNO2 was used, a red thin film formed
on the electrode from the early stages of the electrolysis,
yielding an amount of deposits that could be collected with a
spatula. There were no suspended solids in the electrolyte,
and the deposit was obtained only on the electrode surface.
Therefore, MeNO2 was selected as the solvent for the
electrolysis to be employed in this study.

As a next step, we investigated the applied potential and
electrolyte concentrations by constant-potential electrolysis
using MeNO2 as a solvent. The investigations performed
between 0.2 V and 0.5 V showed that a deposit was obtained
on the electrode only above 0.3 V (Table S2). It was also
found that the use of a low concentration of monomers
(Entries 5 and 6) did not yield any deposit on the electrode,
and that decreasing the DPH concentration also decreased
the amount of deposit produced (Entries 7 and 8). Accord-
ing to these results, the optimal substrate concentrations
were determined to be TAPB 10 mM, PDA 15 mM, and
DPH 20 mM.

After these preliminary investigations, we also attempted
to carry out the electrolysis of the substrates by the
potential-sweep method. As shown in Table S3, the optimi-
zation of the electrochemical parameters was investigated by
changing the potential range, the number of sweep cycles
and the scan rate. In the conditions shown in Entries 1 and
2, almost no deposit was observed on the electrode when the
potential was swept at values below 0.2 V. However, by
increasing the potential range up to 0.3 V, some deposit was
obtained on the electrode (Entry 3). When the potential was
swept until 0.5 V, a thick uniform deposit covered the entire
electrode surface and the obtained amount was greater than
the one obtained with the constant-potential electrolysis
(Entry 4). Nevertheless, it was found that the amount of
deposit decreased by increasing the scan rate, as shown in
Entries 5 and 6. Based on these results, we adopted the
electrochemical parameters of Entry 4 as the optimal
conditions for the electrolysis.

Figure 3b shows the cyclic voltammograms and photo-
graphs of the ITO electrodes after electrolysis under the
optimized conditions. An oxidation current was observed in
the solution containing DPH (red plot) together with the
deposition of a film onto the electrode surface. Although
the color of the deposit appeared reddish during the
electrolysis, a uniform yellow film was obtained after rinsing
with the organic solvent. The amount of deposit increased
by repetitive sweep cycles even if the current decreased,
presumably due to the low conductivity of the deposit
formed onto the electrode. A control experiment was
performed in the absence of DPH (blue plot) and no deposit
was obtained although the oxidation current of TAPB was
observed at slightly higher potential than that of DPH.
Therefore, DPH was preferentially oxidized to generate an

acid for catalyzing imine bond formation between TAPB
and PDA monomers.

The deposits obtained on the electrode (Figure 3b) were
examined to evaluate their physical properties and the
molecular and crystalline structures. FT-IR analysis revealed
the imine (C=N) stretching band at 1620 cm� 1 (Figure 4a
and S4). CP-MAS 13C NMR analysis provided a signal at
around 160 ppm assignable to imine bonds (Figure 4b). XPS
analysis showed the generation of imine bond based on the
C1s and N1s peaks (Figure S5). These results confirmed that
the deposits obtained onto the electrode surface are
covalent organic frameworks consisting of TAPB and PDA
connected by imine bonds (TAPB-PDA COF). In addition,
the stretching band observed at 1696 cm� 1 in the IR
spectrum and the signal at around 190 ppm in the CP-MAS
13C NMR spectrum can be attributed to the aldehyde
(CH=O) group, suggesting the presence of a small amount
of unreacted aldehyde terminals.

Crystalline structure analysis was performed using small-
angle X-ray scattering (SAXS) measurements (Figure 4c).
The SAXS diffraction patterns of the TAPB-PDA COF
showed the strongest diffraction peak at 2θ=2.83°, d=

3.13 nm, corresponding to the (100) plane. The diffraction
peaks were also observed at 2θ=4.91°, 5.66°, 7.50°, 10.01°
and 12.40° corresponding to (110), (200), (210), (220), and
(320) planes, respectively.[17] In addition, the peak in the
(001) plane at 2θ=25.40°, d=0.35 nm corresponded to the
interlayer stacking of the 2D COF. Therefore, the TAPB-
PDA COF obtained on the electrode possesses a crystalline
structure.

The specific surface area of the COF was calculated by
nitrogen gas (N2) adsorption/desorption measurement. The
N2 adsorption isotherm shown in Figure 4d had the charac-
teristic shape of porous COF materials. The Brunauer–
Emmett–Teller (BET) plot was a linear plot and the
experimental BET surface area was 832 m2 g� 1. Furthermore,
the pore size distribution calculated by the non-local density
functional theory (NLDFT) method was found to be in the
range of 20 to 40 Å, corresponding to the expected pore size
(34 Å) (Figure 4e).[20]

We also attempted to synthesize COF films onto differ-
ent electrode materials with the optimized set of conditions
determined in Figure 3b. On platinum (Pt), gold (Au), and
GC electrodes, crystalline COF films were obtained sim-
ilarly to that obtained on the ITO electrode (Figure S6).
This result indicates that imine-based COFs can be synthe-
sized and be immobilized onto the electrode surface with
the EGA-catalyzed method irrespective of the electrode
material.

The morphology of the COF material was analyzed by
scanning electron microscopy (SEM) (Figure 5a). The
TAPB-PDA COF film obtained with the potential-sweep
method (20 cycles) onto the ITO electrode was found to be
an aggregation of submicrometer-sized particles having a
thickness of ca. 100 μm. In addition, the relationship
between the number of cycles and COF film thickness was
also investigated (Figure 5b). The film thickness increased
linearly with the number of cycles until 20 cycles, indicating
that it is possible to control the thickness of the COF films
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formed onto the electrode by the EGA method up to ca.
100 μm. This relationship is believed to be established by the
interplay of the EGA and the coverage of the electrode
surface with a COF film with low conductivity. However, for
thickness greater than 100 μm or for larger numbers of

cycles, the film growth was suppressed (see the blue
diamond in Figure 5b) probably due to the decrease in
proton generation at such a late stage (Figure 3a with DPH)
and the diffusion of Brønsted acid catalysts into the bulk
electrolyte.

Figure 4. Structural characteristics and properties of the TAPB-PDA COF. a) FT-IR spectra of TAPB, PDA, DPH and the TAPB-PDA COF. b) CP-MAS
13C NMR spectrum of the TAPB-PDA COF. c) SAXS diffraction patterns, d) N2 adsorption (filled circles) and desorption (empty circles) isotherms
(77 K) and e) NLDFT-calculated pore size distribution of TAPB-PDA COF. The pore size and their distributions were determined using DFTmodels
of cylinder carbon. The sample was rinsed with MeCN, MeOH and hexane, and activated by supercritical CO2 drying.

Figure 5. Morphological characteristics of the TAPB-PDA COF film. a) SEM images and b) dependency of the thickness vs the number of cycles in
the potential sweep method. The film thickness was calculated from the cross-sectional SEM images.
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Thermogravimetric analysis (TGA) revealed the high
thermal stability of TAPB-PDA COF (Figure S7). Contact
angle measurements of a water droplet on the COF film
showed a contact angle value of 135° (Figure S8), suggesting
that this high hydrophobicity can be related to the agglom-
erated structure of the COF film.

To establish the generality of the synthetic protocol for
imine-based COFs electrosynthesis using the EGA method,
we also attempted to synthesize COFs with imine bonds
consisting of different monomer combinations. Specifically,
TAPB, 4,4’,4’’-(1,3,5-triazine-2,4,6-triyl)trianiline (TAPT)
and tetrakis(4-aminophenyl)methane (TAPM) were used as
amine monomers, while DPA and 2,5-dimethoxybenzene-
1,4-dicarboxaldehyde (OMePDA) were examined as alde-
hyde monomers (Figure 6).

Exploiting the optimal conditions for TAPB-PDA COF
synthesis, we tried to synthesize TAPB-OMePDA COF
consisting of the methoxy-introduced OMePDA monomer.
The CV measurements clarified that OMePDA was redox
inactive in the potential range between � 0.5 to 1.2 V vs. Ag/
Ag+, like PDA (Figure 7a). Therefore, the potential-sweep

electrolysis of TAPB and OMePDA with DPH in 0.1 M
Bu4NPF6/MeNO2 was performed to afford a yellow deposit
on the electrode (Figure 7e).

Regarding the synthesis of triazine-based COFs and 3D
COFs, it was necessary to survey the suitable solvent again
because the amine monomers, TAPT and TAPM, were
insoluble in MeNO2, which was used for TAPB-PDA COF
synthesis. Upon solvent screening, both TAPT and TAPM
were found to be soluble in DMF and THF. When THF was
used, the bottom of the solution changed to red during the
electrolysis, but no deposit formed on the electrode or in the
solution. On the other hand, DMF was found to be a
suitable solvent for COF synthesis using these monomers, as
evidenced by the successful formation of the COF films
using the potential-sweep method (Figures 7f–h). LSV
analysis suggested that DPH is preferentially oxidized in the
presence of amine and aldehyde monomers (Figures 7b–d).
Interestingly, in these three cases, the current in the
voltammograms hardly decreased, even though the electro-
des were covered with deposits by repeated sweep cycles.
This result is expected to be due to less high resistance of

Figure 6. Overview of the synthetic pathways for TAPB-OMePDA COF, triazine-based COFs and three-dimensional (3D) COF.
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the deposits on the electrodes. For the TAPM-PDA COF
synthesis, the number of potential-sweep cycles was opti-
mized to be 10 because the COF film became too thick with
20 cycles and peeled off from the electrode when it was
removed from the electrolyte.

Structural characterization, crystal structure analysis,
and physical properties of the deposits obtained on the

electrode by the potential-sweep method using DPH were
evaluated (Figures 7e–h). The FT-IR spectra of TAPB-
OMePDA COF, TAPT-PDA COF, TAPT-OMePDA COF,
and TAPM-PDA COF show the C=N stretching band at
1617 cm� 1, 1624 cm� 1, 1615 cm� 1, and 1623 cm� 1, respectively
(Figures 8a and S9), while the characteristic signal at around
150–160 ppm was observed in the CP-MAS 13C NMR

Figure 7. Linear sweep voltammograms of a) TAPB, OMePDA and DPH in 0.1 M Bu4NPF6/MeNO2, b) TAPT, PDA and DPH, c) TAPT, OMePDA and
DPH, d) TAPM, PDA and DPH in 0.1 M Bu4NPF6/DMF. Cyclic voltammograms during the synthesis of e) TAPB-OMePDA COF in 0.1 M Bu4NPF6/
MeNO2, f) TAPT-PDA COF, g) TAPT-OMePDA COF, h) TAPM-PDA COF in 0.1 M Bu4NPF6/DMF, including photographs of the corresponding
COFs films onto the ITO electrodes. The electrolysis was performed by the potential-sweep method at a scan rate of 20 mVs� 1 using an ITO
working electrode (10 mm×10 mm), a Pt counter electrode (20 mm×20 mm) and an Ag/Ag+ reference electrode for 20 cycles (e, f, g) and
10 cycles (h).

Figure 8. a) FT-IR spectra and b) CP-MAS 13C NMR spectra of TAPB-OMePDA COF, TAPT-PDA COF, TAPT-OMePDA COF and TAPM-PDA COF.
The star symbol indicates the peak assigned to the C=N carbon.
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spectra, which is attributed to the C=N carbon (Figure 8b).
In addition, characteristic signals ascribable to the carbons
of each monomer component observed in the NMR spectra
support the expected compositions of the COFs (Fig-
ure S10). XPS analysis also implied the generation of imine
bond (Figure S11).These results suggest that the deposits
obtained onto the electrodes are imine-based COFs consist-
ing of the various combination of amine and aldehyde
monomers.

To ensure the clarity regarding the competitive oxidation
of DPH and the amine monomers, the TAPT-OMePDA
film was prepared under a milder condition where the
potential sweep range was between � 0.5 and 0.3 V vs. Ag/
Ag+ (Figure S12). Since TAPT was not oxidized in this
potential range, only DPH was involved in the oxidation.
The yellow film was successfully obtained and identified as
TAPT-OMePDA. This result strongly supports the pro-
posed EGA-initiated polymerization mechanism.

The 2D COFs were found to have crystallinities by
SAXS analysis (Figure S13) and porosities by N2 adsorption
isotherm measurements (Figure S14). On the other hand,
for the TAPM-PDA COF with 3D structure, the character-
istic peaks were observed at 2θ=8.49°, 11.23°, 18.20°, and
21.31° in the SAXS pattern. This is consistent with the
patterns obtained by chemical synthesis of the TAPB-PDA
COF with heating reported in two previous reports, which
does not have a porous structure.[43, 44] In these reports, it
was clarified that this effect was due to the distortion of the
porous structure induced by either the contaminating water
present in the precursor solutions or the generated water
through imine bond formation. According to these findings,
it is considered that such distortion also occurred in this
system. Furthermore, N2 adsorption isotherm measurements
revealed the characteristic gate adsorption behavior at the
high pressure (P/P0>0.9) and a wide pore size distribution.
This may be attributed to mesopores and macropores
formed between crystal particles due to the distortion.[45]

Lastly, morphological observation was performed by
SEM analysis (Figure S15) clarified that the 2D COFs
obtained on the electrode were aggregates of submicrom-
eter-sized particles like TAPB-PDA COF. On the other
hand, the TAPM-PDA COF on the electrode appeared to
be densely deposited, probably because the TAPM-PDA
COF exhibited 3D bottom-up growth onto the electrode,
rather than an aggregate structure resulting from bulk
growth.

Conclusion

In conclusion, we have demonstrated that the protons
generated by the electrolytic oxidation of DPH work as an
EGA and promote the imine-bond formation by the
condensation reaction of amine and aldehyde monomers
giving COF materials. Since the EGA was electrogenerated
in the proximity of the electrode surface, the obtained COF
materials were successfully immobilized as films onto the
electrodes. The obtained COF films were found to have
high crystallinity and porosity, and the film thickness could

be controlled by modulating the electrolysis time. This
synthetic procedure was also applicable for the synthesis of
various imine-based COFs, including triazine linkers and 3D
structures, on the electrodes. This method using EGA
represents a mild and environmentally friendly approach for
COF synthesis because it does not require long reaction
times, heating conditions, or Lewis acid catalysts, that are
necessary in the conventional synthesis of COFs consisting
of imine bonds. Moreover, our proposed method, that
enables the direct immobilization of COFs onto the electro-
des, is expected to be a promising process technique for the
application of COFs to devices such as functional modified
electrodes and sensing materials.
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