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ABSTRACT: Covalent organic frameworks (COFs) have
emerged as auspicious porous adsorbents for radioiodine capture.
However, their conventional solvothermal synthesis demands
multiday synthetic times and anaerobic conditions, largely
hampering their practical use. To tackle these challenges, we
present a facile microwave-assisted synthesis of 2D imine-linked
COFs, Mw-TFB-BD-X, (X = −CH3 and −OCH3) under air within
just 1 h. The resultant COFs possessed higher crystallinity, better
yields, and more uniform morphology than their solvothermal
counterparts. Remarkably, Mw-TFB-BD-CH3 and Mw-TFB-BD-
OCH3 exhibited exceptional iodine adsorption capacities of 7.83 g
g−1 and 7.05 g g−1, respectively, placing them among the best-
performing COF adsorbents for static iodine vapor capture.
Moreover, Mw-TFB-BD-CH3 and Mw-TFB-BD-OCH3 can be
reused 5 times with no apparent loss in the adsorption capacity.
The exceptionally high iodine adsorption capacities and excellent
reusability of COFs were mainly attributed to their uniform
spherical morphology and enhanced chemical stability due to the in-built electron-donating groups, despite their low surface areas.
This work establishes a benchmark for developing advanced iodine adsorbents that combine fast kinetics, high capacity, excellent
reusability, and facile rapid synthesis, a set of appealing features that remain challenging to merge in COF adsorbents so far.
KEYWORDS: covalent organic frameworks, microwave-assisted synthesis, isoreticular materials, radioactive iodine sequestration,
charge transfer

■ INTRODUCTION
Nuclear power provides approximately 10% of the world’s
electricity, but the disposal of nuclear waste containing
hazardous radioactive species poses a significant threat to the
environment and all living beings.1 One of the most
concerning pollutants is radioactive iodine, principally 129I
and 131I, due to the extremely long half-life (∼15.7 million
years for 129I) and potential health risks (carcinogenic effect of
131I).2 Therefore, it is of paramount importance to develop
effective methods for radioactive iodine sequestration to ensure
global environmental safety. Of the many radioiodine removal
techniques, adsorptive removal is deemed a viable solution due
to its low cost, simplified design, ease of operation, and high
efficiency. However, the current adsorptive materials like
activated charcoals and silver-exchanged zeolites have low
practical adsorption capacity (0.10−0.31 g g−1), high
replenishment temperature, and high industrialization cost,
making them unsuitable for practical iodine capture.3 Hence,
developing advanced adsorbents featuring high capacity, rapid
kinetics, and excellent durability becomes an imperative

necessity. Two categories of porous adsorbents have been
developed. The first, amorphous porous adsorbents, such as
porous carbons,4 mesoporous silicas,5 and porous organic
polymers (POPs),6 have irregular and discontinuous pore
channels, which result in pore blockage and impede the
establishment of clear-cut structure−function relationships.7

The second category, crystalline porous adsorbents like silver-
exchanged zeolites,8 and metal−organic frameworks (MOFs),9

typically exhibit low gravimetric adsorption owing to their
intrinsic metallic components. Therefore, developing advanced
iodine porous adsorbents that feature low density, high
adsorption capacity, and great stability, along with precise
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structural tunability and rational performance improvement is
much desired.10−12

Covalent organic frameworks (COFs) are a novel class of
crystalline porous polymers that precisely stitch organic
monomers into two- or three-dimensional (2D or 3D) periodic
networks.13 Since their initial report in 2005, COFs have been
the hot topic of immense research due to their salient
structural merits of ultralight character, high crystallinity,
permanent porosity, and customizable structures, which
underpin their broad applications in gas storage, molecular
separation, sensing, cancer therapy, optoelectronics, catalysis,
energy storage, environmental remediation, etc.14−18 Among
these applications, radionuclide sequestration by COFs has
aroused tremendous research interest in recent years.7 The first
study of using COFs for radioiodine capture dates back to
2017.19 Since then, COFs have emerged as competent
adsorbents for iodine capture by virtue of large surface areas,
accessible 1D nanochannels, extraordinary framework tuna-
bility, superb stability, and abundant periodically arranged
affinity sites such as imine,20 thiophene,21 hydrazide,22

phosphine,23 amine,24 and cationic units,25 giving rise to
numerous COF adsorbents with high capacity, fast kinetics,
and full reusability (see Table S1 for an overview of efficient
COF adsorbents).26 Notably, Han’s group developed (2021) a
series of ionic COFs (iCOFs) using a “post-modification of
multivariate COFs” strategy.27 The obtained iCOF-AB-50
exhibited a record-high static iodine adsorption capacity of
10.21 g g−1. Different from the above postmodification
method, Fang’s group reported (2021) a de novo synthesis of
two tetrathiafulvalene-based imine-linked COFs for static
iodine adsorption and achieved a high iodine capture capacity
of 8.19 g g−1.28 Apart from the dominant COF powders as
adsorbents, Verduzco’s group fabricated six macroscopic COF
aerogels with high iodine capture capacities of up to 7.7 g g−1,
outperforming its powder counterpart.29 Despite remarkable
strides, the synthesis of COF adsorbents predominantly

requires long reaction times (typically 3 days), vacuum
conditions, cumbersome procedures (e.g., freeze−pump−
thaw), and synthetically arduous monomers (e.g., 2,3,6,7-
tetra(4-formylphenyl)tetrathiafulvalene28 and 1,3,5,7-tetrakis-
(4-aminophenyl)-adamantane30), severely constraining the full
exploitation of COFs in radioiodine capture. As such,
developing a facile, rapid, and efficient synthetic route to
high-performing COF adsorbents using readily available
monomers is greatly demanded but remains scarcely explored.

On the other hand, the rapid synthesis of COFs using
alternate energy sources, such as mechanochemistry,31 electron
beam,32 and sonochemistry,33 has triggered enormous
scientific attention over the past decade, since the sluggish
solvothermal synthesis creates considerable hurdles for their
further applications.34 Among them, microwave-assisted syn-
thesis has gained increasing popularity due to its intrinsic
advantages over conventional solvothermal methods, such as
higher yield, lower energy consumption, and improved
physicochemical properties of products.35 Cooper’s group
first (2009) applied microwave heating in the synthesis of
prototypical boronate ester-linked COFs, exhibiting a 200-fold
faster reaction rate than the solvothermal method.36 Since
then, tremendous scientific efforts have been devoted to the
microwave-assisted synthesis of COFs bearing a wide array of
linkages, such as β-ketoenamine, imine, triazine, imide, and aryl
ether. More importantly, the microwave-synthesized COFs
exhibited superior performance to their conventional solvo-
thermal counterparts in gas separation, water purification, CO2
uptake, and catalysis, underlining the advantages and great
prospects of microwave-assisted synthesis.37 Thus, we envisage
that microwave-assisted synthesis may provide a feasible
solution to overcome the limitations associated with the
predominant solvothermal synthesis of COF adsorbents. To
the best of our knowledge, the microwave-assisted synthesis of
COF adsorbents for iodine capture remains untapped thus far.

Scheme 1. (A) Facile Microwave-Assisted Synthesis of Mw-TFB-BD-X COFs (X = −CH3 and -OCH3) under Air in 1 h and
Space-Filling Models of (B) Mw-TFB-BD-CH3 and (C) Mw-TFB-BD-OCH3 with Layers Arranged in an Eclipsed Stacking
Mode
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In this work, we for the first time report a facile and rapid
microwave-assisted synthesis of COF adsorbents for efficient
iodine capture. Two isoreticular 2D imine-linked COFs
(termed Mw-TFB-BD-X COFs, X = −CH3 and −OCH3,
Scheme 1) were rapidly synthesized under air and microwave
heating by the Schiff-base condensation between 1,3,5-
triformylbenzene (TFB) and substituted benzidine (BD)
derivatives. The subtle change of functional groups on the
pore walls of COFs led to different physicochemical properties
including crystallinity, porosity, crystallite size, and thermal/
chemical stability. Notably, the Mw-COFs exhibited enhanced
crystallinity, high yields, and uniform morphology compared to
their solvothermal counterparts. When implemented as
adsorbents for static iodine vapor capture at 75 °C under
ambient pressure, the 1-h-made Mw-TFB-BD-CH3 and Mw-
TFB-BD-OCH3 COFs exhibited outstanding iodine adsorption
capacities of 7.83 g g−1 and 7.05 g g−1, respectively, exceeding
those of nonfunctionalized Mw-TFB-BD, the solvothermal
counterparts, and most reported COF adsorbents. In addition,
Mw-TFB-BD-CH3 and Mw-TFB-BD-OCH3 retained high
iodine adsorption capacities even after 5 successive adsorp-
tion−desorption cycles.

■ RESULTS AND DISCUSSION
The quality of imine-linked COFs is influenced by a variety of
factors, including both intrinsic and extrinsic factors.38−40

Intrinsic factors, such as the pendant functional groups (e.g.,
hydroxyl and fluorine) in monomers, can exquisitely control
the noncovalent interactions like van der Waals/dipolar force,
and interlayer stacking in 2D COFs, thereby affecting their

physicochemical properties, including crystallinity, porosity,
morphology, and thermal/chemical stability.41 For example,
the introduction of electron-donating methoxy and methyl
groups into the skeleton of 2D imine COFs has been shown to
reinforce their chemical stability.42,43 Intrinsic factors like
synthetic conditions are also essential for the quality of imine-
linked COFs. The choice of solvent can profoundly affect the
crystallinity and morphology of COFs. Acetonitrile is a proven
solvent to afford highly crystalline imine COFs with uniform
spherical morphologies.44,45 With these considerations in
mind, we synthesized two 2D imine-linked COFs with
electron-donating groups in their skeletons (Mw-TFB-BD-
CH3 and Mw-TFB-BD-OCH3, Scheme 1) under microwave
heating and air. To obtain the optimal crystallization condition,
we systemically tweaked the solvent, catalyst concentration,
and reaction temperature, which exerted a profound effect on
the crystallinity of COFs. We observed that the classic organic
solvents such as mesitylene and dioxane did not produce highly
crystalline products, whereas acetonitrile significantly enhanced
the crystallinity of obtained COFs. Moreover, increasing the
concentration of acetic acid catalyst from 3 to 12 M improved
the crystallinity dramatically. At last, optimal temperature was
achieved at 90 °C among three tested reaction temperatures
(70 °C, 90 °C, and 110 °C) (see the screened conditions in
Figures S1 and S2).

Under the optimized condition, TFB (0.08 mmol) and
substituted benzidine (0.12 mmol), i.e., 3,3′-dimethylbenzidine
(BD-CH3) and 3,3′-dimethoxylbenzidine (BD-OCH3) were
mixed in acetonitrile (1 mL) in a 5 mL microwave vial. The
reaction mixture was completely dissolved under sonication.

Figure 1. Characterizations of Mw-TFB-BD-CH3 and Mw-TFB-BD-OCH3. (A) PXRD patterns; (B) N2 adsorption isotherms. Inset shows the
pore size distributions; (C) Scanning electron micrograph of Mw-TFB-BD-CH3; (D) Scanning electron micrograph of Mw-TFB-BD-OCH3.
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Subsequently, aqueous acetic acid (12 M, 0.3 mL) catalyst was
added, resulting in the immediate formation of yellow
precipitates. The microwave vial was sealed under air, placed
in a Biotage Initiator microwave reactor (Figure S3), and
stirred at 90 °C for 1 h. To highlight the crucial role of
functional groups on COFs as well as the advantages of
microwave-assisted synthesis, we deliberately prepared the
nonfunctionalized Mw-TFB-BD and their solvothermal
counterparts using traditional synthetic methods as control
samples.

The crystallinity of COFs prepared via microwave and
conventional solvothermal routes was confirmed by powder X-
ray diffraction (PXRD) analysis. Both high crystallinity and
yields were achieved for all Mw-COFs under microwave
heating (90 °C, air, 1 h, Figures S4−S6). In contrast, the
conventional solvothermal method failed to produce any
precipitate for TFB-BD-CH3 in 1 h at 90 °C (Figure S4).
Extending the reaction time to 72 h led to crystalline TFB-BD-
CH3 with a comparable yield (termed oven-TFB-BD-CH3,
Figure S7). Similarly, TFB-BD-OCH3 and TFB-BD synthe-
sized via the conventional solvothermal route revealed minimal
crystallinity in 1 h and moderate crystallinity after 72 h
(termed oven-TFB-BD-OCH3 and oven-TFB-BD, Figures S5−
S7). The marked difference in crystallinity and yields
underscored the advantages of microwave-assisted synthesis
over the conventional solvothermal method in making COFs,
which simultaneously accelerated the rates of both imine
formation and error correction during COF formation.46

Furthermore, to assess the feasibility of large-scale synthesis
under microwave irradiation, we scaled up the synthesis of
Mw-TFB-BD-CH3 by 10-fold. The COF synthesis proceeded
smoothly with a high yield of 90%, producing over 300 mg of
highly crystalline COF within 1 h (Figure S8). At the optimal
synthesis condition, the PXRD pattern of obtained Mw-TFB-
BD-CH3 revealed four discernible peaks at 2θ = 3.55°, 6.18°,
7.19°, and 24.5°, corresponding to the (100), (110), (200),
and (001) reflection planes, respectively (Figure 1 A, red
curve). Likewise, the PXRD pattern of Mw-TFB-BD-OCH3
indicated main diffraction peaks at 2θ = 3.59° and 24.5°,
assignable to the (100) and (001) reflection planes,
respectively (Figure 1 A, blue curve). The similar powder
patterns implied the isoreticular nature of the two COFs.
Importantly, the experimental PXRD patterns were in good
agreement with simulated ones of the eclipsed AA stacked
model (Figures S9 and S10), indicating Mw-TFB-BD-CH3/-
OCH3 COFs adopt a 2D honeycomb topology with layers
stacked in an eclipsed mode (Scheme 1). Moreover, Pawley
refinements were performed on the experimental powder
patterns, and the refined PXRD curves reproduced the
experimentally observed ones, as evident by the small
agreement factors (RWP = 2.05%, RP = 1.61% for Mw-TFB-
BD-CH3 and RWP = 2.20%, RP = 1.81% for Mw-TFB-BD-
OCH3). The formation of imine bonds was confirmed by
Fourier transform infrared (FT-IR) and X-ray photoelectron
spectroscopy (XPS) analysis. FT-IR spectra of Mw-TFB-BD-
CH3 and Mw-TFB-BD-OCH3 showed characteristic imine
C�N stretch at 1623 and 1617 cm−1, respectively, indicative
of the successful Schiff-base reaction (Figure S11). In addition,
the N 1s XPS spectra of Mw-TFB-BD-CH3 and Mw-TFB-BD-
OCH3 showed intense binding energy peaks at 398.3 and
398.2 eV, respectively (Figure S12), which were attributed to
the C�N nitrogen.

The permanent porosity and surface area of activated Mw-
COFs were assessed by nitrogen adsorption isotherms at 77 K
(Figure 1B). Brunauer−Emmett−Teller (BET) surface areas
of Mw-TFB-BD-CH3 and Mw-TFB-BD-OCH3 were calculated
to be 210 and 112 m2 g−1, respectively. The low BET surface
areas were presumably attributed to hard-to-remove guest
molecules trapped in the pore channels or potential porosity
loss during traditional vacuum activation.47 Furthermore, the
pore size distribution of Mw-COFs was estimated from the
adsorption isotherms using quenched solid density functional
theory (QSDFT), revealing narrow pore width distribution
centered at ∼2.3 and ∼2.2 nm for Mw-TFB-BD-CH3 and Mw-
TFB-BD-OCH3, respectively (Figure 1B, inset). These values
are close to the predicted values (2.5 and 2.3 nm) based on the
eclipsed AA stacking mode.

Scanning electron microscopy (SEM) images revealed that
Mw-COFs adopted uniform spherical morphologies with
distinctive sizes, consistent with the results from a prior
report, wherein COF spheres were formed using acetonitrile
solvent.44 Specifically, Mw-TFB-BD-CH3 spheres had a
diameter of ∼1 μm (Figures 1C and S13), whereas Mw-
TFB-BD-OCH3 and Mw-TFB-BD spheres are smaller with
sizes of ∼0.7 μm and ∼0.5 μm, respectively (Figures 1D, S14,
and S15). In contrast, the solvothermal counterparts of TFB-
BD-CH3 and TFB-BD-OCH3 had dramatically different
morphologies. Oven-TFB-BD-CH3 were spherical aggregates
(∼1.6 μm in diameter) consisting of irregular microparticles
with sizes of 100−200 nm (Figure S16), while oven-TFB-BD-
OCH3 were nonuniform stacked nanoplates with lengths of 1−
2 μm (Figure S17). Thermogravimetric analysis (TGA)
profiles revealed high and different thermal stabilities of Mw-
TFB-BD-X COFs under N2 (Figure S18). Mw-TFB-BD-CH3
and Mw-TFB-BD-OCH3 were thermally stable up to 420 and
370 °C, respectively. Nonfunctionalized Mw-TFB-BD had the
highest thermal stability with a degradation temperature of 460
°C. Besides distinctive thermal stability, the chemical stability
of Mw-COFs was evaluated by exposing them to various
chemical conditions. All three COFs retained long-range
crystalline orders after being submersed in common organic
solvents such as n-hexane, tetrahydrofuran, N, N-dimethylfor-
mamide (DMF), and dimethyl sulfoxide (DMSO) for 3 days
(Figures S19−21). When subjected to harsh chemical
environments such as boiling water (100 °C), strong acid (1
M HCl at 25 °C), and strong base (12 M NaOH at 25 °C) for
1 day, Mw-TFB-BD-CH3 displayed higher chemical robustness
than Mw-TFB-BD-OCH3, as evidenced by the retention of
major diffraction peaks in the PXRD patterns (Figures S19 and
S20). Not surprisingly, Mw-TFB-BD exhibited the lowest
chemical stability, with the major diffraction peaks decreasing
considerably after being exposed to 1 M HCl and boiling water
(Figure S21). This confirms that the introduction of electron-
donating groups (−CH3 and −OCH3) can reinforce the
hydrolytic stability of Mw-TFB-BD-CH3 and Mw-TFB-BD-
OCH3, consistent with the previous literature.42,43 Taken
together, the forgoing characterizations not only demonstrate
that the present microwave-assisted strategy enables the
synthesis of COFs in a facile, rapid, and efficient manner but
also prove that altering functional groups on the pore walls of
Mw-TFB-BD-X COFs substantially affected the crystallinity,
porosity, morphology, and thermal/chemical stability.

Enlightened by the promising structural merits of Mw-TFB-
BD-CH3/-OCH3, including low density, high crystallinity,
permanent porosity, uniform morphology, and pronounced
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stability, we sought to investigate their iodine capture by
exposing COFs to saturated iodine vapor at 75 °C in a closed
vial under static conditions. The experimental conditions are
the same as those in previous studies for consistency and
comparison (see the detailed experimental setup in the
Supporting Information and Table S1). The iodine adsorption
capacity of Mw-COFs was evaluated by time-dependent
gravimetric measurements. The inset images in Figure 2A
and 2B showed that the color of COF adsorbents changed
from yellow to black upon exposure to the iodine vapor for 1 h,
implying that gaseous iodine was adsorbed by COFs. XPS
survey spectra also confirmed the iodine adsorption by COFs
through intense I 3d peaks (Figure S22). Mw-TFB-BD-CH3
revealed rapid iodine uptake in the initial stage and reached a
remarkable iodine adsorption capacity of 6.27 g g−1 in just 7 h
(Figure 2A). Similarly, Mw-TFB-BD-OCH3 displayed rapid
adsorption in the initial stage but achieved a lower iodine
adsorption capacity of 5.28 g g−1 in 7 h (Figure 2B). Such
faster kinetics and higher iodine uptake of Mw-TFB-BD-CH3
than Mw-TFB-BD-OCH3 may be due to its larger surface area,
which facilitated the diffusion of iodine vapor within COFs.
Both COFs reached adsorption saturation in 16 h. Regardless
of their low surface areas (<250 m2 g−1), Mw-TFB-BD-CH3
and Mw-TFB-BD-OCH3 demonstrated exceptionally high
iodine adsorption capacities of 7.83 g g−1 and 7.05 g g−1 at
equilibrium, respectively, exceeding those of the nonfunction-
alized Mw-TFB-BD (6.85 g g−1, Figure S23) and their

solvothermal counterparts (Figure 2A and 2B). To further
evaluate their adsorption performance, we summarized the
static iodine vapor adsorption capacities of reported COF
adsorbents under identical or similar testing conditions (Figure
2C and Table S1). To our delight, the iodine-sorbing values
render Mw-TFB-BD-CH3 and Mw-TFB-BD-OCH3 among the
best-performing COF adsorbents in terms of adsorption
capacity. It is worth noting that the synthetic route to Mw-
COFs in the present study is more facile and rapid than those
of existing COF adsorbents (see the detailed synthetic
conditions in Table S1). Given the low surface areas of Mw-
COFs, we surmise that the outstanding adsorption perform-
ance of Mw-TFB-BD-CH3/-OCH3 was mainly ascribed to the
uniform morphology of COF spheres, which may facilitate the
iodine diffusion, transport, and accessibility to the imine sites,
thus positively impacting their adsorption capacity. Previous
studies have shown that the morphology of adsorbents
significantly influenced their adsorption performance in
environmental remediation.48−50 Noteworthy, spherical imine
COFs displayed higher adsorption capacity and faster kinetics
in the enrichment of peptides than those of COF counterparts
with irregular morphologies.44 In addition to exceptional
capability and rapid kinetics, the iodine-captured COFs
retained the iodine upon exposure to air at ambient
temperature, with a negligible amount of iodine escaping
from the frameworks even after 7 days, demonstrating the high
adsorption stability of Mw-COFs (Figure S24).

Figure 2. Time-dependent gravimetric iodine vapor adsorption of (A) Mw-TFB-BD-CH3 and oven-TFB-BD-CH3; (B) Mw-TFB-BD-OCH3 and
oven-TFB-BD-OCH3 at 75 °C. Inset: Photographs of COFs before and after iodine vapor adsorption. (C) Static iodine adsorption capacities of
Mw-COFs in this work and previously reported high-performing COF adsorbents (>5.0 g g−1). The corresponding references are listed in Table
S1; (D) Cycling performances of Mw-TFB−BD-CH3 and Mw-TFB-BD-OCH3.
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The reusability of adsorbents is the prerequisite for their
practical use. To evaluate this property, we reused the Mw-
COFs by facile thermal desorption of iodine-saturated COFs at
135 °C under vacuum for 20 h,22 and then tested the
regenerated COFs for their iodine adsorption capacity.
Remarkably, both regenerated Mw-TFB-BD-CH3 and Mw-
TFB-BD-OCH3 COFs retained high iodine adsorption
capacities (>6.7 g g−1) after 5 successive adsorption−
desorption cycles (Figure 2D). PXRD analyses demonstrated
that the regenerated COFs retained crystallinity after the fifth
cycle, although there were noticeable decreases observed
(Figure S25). Moreover, the SEM image indicated that the
spherical morphology of COFs after iodine adsorption was
preserved (Figure S26). The above experimental results in
conjugation with prior literature demonstrate that the
developed Mw-TFB-BD-CH3 and Mw-TFB-BD-OCH3 iodine
adsorbents feature a set of intriguing features, including
exceptional capacity, fast kinetics, high adsorption stability, and
superb reusability, as well as rapid and facile synthesis. These
properties make them highly promising for practical
applications in radioiodine capture.

To shed light on the adsorption mechanism of Mw-COFs
for iodine, we employed FT-IR and XPS spectroscopy to
characterize COFs before and after iodine adsorption. FT-IR
analysis revealed that the C�N stretching bands of I2@Mw-
TFB-BD-CH3 showed an apparent blue shift to 1639 and 1153
cm−1 compared with the pristine COF (1622 and 1144 cm−1).
Moreover, a new band emerged at 1561 cm−1, which was
presumably due to the formation of C−I bonds (Figure
S27).27 FT-IR profile implied the charge transfer between
imine N and iodine molecules, which was further corroborated
by XPS analysis. As depicted in Figure 3A, the I 3d XPS spectra
of I2@Mw-TFB-BD-CH3 displayed I 3d3/2 signals at 630.1 and
631.8 eV as well as I 3d5/2 signals at 618.5 and 620.1 eV, which
were ascribed to the formation of triiodide (I3

−) and
pentaiodide (I5

−) anions.10,51−53 Based on the integral area
of XPS peaks, I3

− and I5
− species occupy 46% and 54% of the

total I2 uptake for I2@Mw-TFB-BD-CH3. In contrast, I3
− and

I5
− species take up 60% and 40% of the total I2 uptake for I2@

Mw-TFB-BD-OCH3 (Figure 3B), indicating the pore surface
environment affected the polyiodide formation. In addition,
the N 1s XPS spectra of Mw-TFB-BD-CH3 showed two
binding energy peaks at 398.3 and 399.3 eV (Figure S28A),
assigned to imine N and defective amine sp3 N. After iodine
adsorption, two new peaks at 400.2 and 401.3 eV appeared,

suggesting the charge transfer from various electron-rich N
species to electron-deficient iodine (Figure S28B).54 In the
case of Mw-TFB-BD-OCH3, two new N 1s peaks emerged at
400.6 and 401.6 eV(Figure S28D), indicating the formation of
charge-transfer complexes between N species and iodine.
These spectroscopic analyses verified the charge transfer
between iodine and various N species such as imine N and
defective amine sp3 N, as well as the formation of polyiodides
during the iodine adsorption process.

■ CONCLUSION
We have developed a facile microwave-assisted synthesis of
two isoreticular imine-linked 2D COFs, Mw-TFB-BD-CH3
and Mw-TFB-BD-OCH3, under air within just 1 h. The
resultant Mw-COFs displayed enhanced crystallinity, high
yields, and uniform morphologies in comparison to their
solvothermal counterparts under identical conditions. Notably,
the subtle change of functional groups (−H, −CH3, and
−OCH3) significantly influenced the crystallinity, porosity,
crystallite size, and stability of Mw-COFs, offering a great
platform to establish the structure-performance relationship at
the atomic level. When used as adsorbents for static iodine
vapor capture at 75 °C under ambient pressure, the 1-h-made
Mw-TFB-BD-CH3 and Mw-TFB-BD-OCH3 exhibited excep-
tionally high iodine adsorption capacities of 7.83 g g−1 and
7.05 g g−1, respectively, surpassing the nonfunctionalized Mw-
TFB-BD, solvothermal counterparts, and most reported COF
adsorbents. FT-IR and XPS analyses confirm the occurrence of
chemisorption through the charge transfer between iodine and
various N species in COFs. In addition, Mw-TFB-BD-CH3 and
Mw-TFB-BD-OCH3 can be fully reused at least 5 times
without obvious loss in the adsorption capacity. This work
uncovers the immense potential of microwave irradiation
toward the facile, rapid, and efficient synthesis of COFs for
environmental remediation and beyond. Extending this
strategy to the synthesis of COFs bearing novel linkages and
hierarchical porosity is currently underway in our lab.
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Figure 3. I 3d XPS spectra of (A) Mw-TFB-BD-CH3 and (B) Mw-TFB-BD-OCH3 after the iodine adsorption.
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and experimental PXRD, FT-IR, TGA, SEM, XPS, and
Table for the prior COF adsorbents (PDF)
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(35) Nüchter, M.; Ondruschka, B.; Bonrath, W.; Gum, A.

Microwave assisted synthesis−a critical technology overview. Green
Chem. 2004, 6, 128−141.
(36) Campbell, N. L.; Clowes, R.; Ritchie, L. K.; Cooper, A. I. Rapid

microwave synthesis and purification of porous covalent organic
frameworks. Chem. Mater. 2009, 21, 204−206.
(37) Diaz de Grenu, B.; Torres, J.; García-González, J.; Muñoz-Pina,
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