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ABSTRACT: There are several researches on the preparation and
application of hydrazone-linked covalent organic frameworks (COFs),
and all of them generally necessitate rigid aromatic amines. Herein, we
report a strategy for design and synthesis of COF with flexible alkyl amine
as a building block and intramolecular hydrogen bonding as a knot in the
network. The proof-of-concept design was demonstrated by exploring
1,3,5-triformylphloroglucinol and oxalyldihydrazide (ODH) as precursors
to synthesize a novel COF material (TpODH), in which different organic
building units are combined through hydrazone bonds to form two-
dimensional porous frameworks. It should be pointed that irreversible
enol-to-keto tautomerism and intramolecular N−H···OC hydrogen
bonding of TpODH would enhance the crystallinity and chemical
stability, leading to large specific surface area of 835 m2 g−1. However,
another COF synthesized with 1,3,5-triformylbenzene and ODH exhibited less crystallinity and low special surface area (94 m2

g−1). Representatively, the resulting TpODH afforded Cu(II) and Hg(II) capacities of 324 and 1692 mg g−1, respectively, which
exceeded that of most COFs previously reported. Moreover, the Fourier-transform infrared and X-ray photoelectron
spectroscopy spectra analyses were taken to demonstrate the adsorption mechanism. These results suggested that the materials
could be applied to the removal of metallic ions in the future.

KEYWORDS: flexible alkyl amine, covalent organic frameworks, intramolecular hydrogen bonding, metal ions adsorption,
high capacity, selectivity adsorption

■ INTRODUCTION

Due to the particular characteristics and enormous potentials,
covalent organic frameworks (COFs)1 have attracted consid-
erable scientific attention. COFs are porous extended
crystalline materials that absolutely consist of covalent bonds
between light elements, such as C, H, N, O, and B, which
crystallize into regular frameworks that are beneficial for
detection by original molecular building blocks. Since first
discovered in 2005,2 many COFs have been synthesized by
different condensation reactions using well-known covalent
bonds, including boronate,3 boroxine,4 imine,5 and hydrazone6

linkages. These COFs show tunable functionalities, regular
pore structures, and high surface areas. Therefore, it is
significant prospect of COFs to address current challenges
pertinent to energy and environmental sustainability, including
gas adsorption, catalysis, proton conduction, and so on.6−10

The functional groups and tunable nature of COFs may also
be beneficial in mitigating environmental problems caused by
toxic heavy metals. First, functional groups on the COF not

only affect the adsorption selectivity but also dominate the
adsorption mechanism. Adsorbents with carboxyl, sulfonic, and
phosphonic groups remove adsorbates through ion ex-
change,11,12 whereas others containing nitrogen such as
amine and hydrazine adsorb metal ions through both
electrostatic and coordination interactions.13,14 Especially,
amine groups are among the most effective groups for the
removal of heavy metal ions from aqueous solutions.15,16

Second, both “bottom-up”17 and “post-synthesis”18 strategies
could be applied to attach specific moieties into the COF
framework. Thus, the selective sensing toward diverse
applications may be easily achieved. We speculate that such
materials, in particular, two-dimensional (2D) COFs, have the
right combination of properties that give them potential as
excellent sorbents for environmental remediation. The ordered

Received: October 24, 2018
Accepted: March 8, 2019
Published: March 8, 2019

Research Article

www.acsami.orgCite This: ACS Appl. Mater. Interfaces 2019, 11, 11706−11714

© 2019 American Chemical Society 11706 DOI: 10.1021/acsami.8b18502
ACS Appl. Mater. Interfaces 2019, 11, 11706−11714

D
ow

nl
oa

de
d 

vi
a 

D
A

L
IA

N
 I

N
ST

 O
F 

C
H

E
M

IC
A

L
 P

H
Y

SI
C

S 
on

 M
ay

 2
2,

 2
01

9 
at

 0
8:

00
:0

9 
(U

T
C

).
 

Se
e 

ht
tp

s:
//p

ub
s.

ac
s.

or
g/

sh
ar

in
gg

ui
de

lin
es

 f
or

 o
pt

io
ns

 o
n 

ho
w

 to
 le

gi
tim

at
el

y 
sh

ar
e 

pu
bl

is
he

d 
ar

tic
le

s.
 

www.acsami.org
http://pubs.acs.org/action/showCitFormats?doi=10.1021/acsami.8b18502
http://dx.doi.org/10.1021/acsami.8b18502


π-columnar structures of most 2D COFs enabled the
functional groups to be fully accessible and in close proximity
with each other to facilitate their cooperation.
Particularly, the number of reported imine-linked COFs has

increased dramatically because of easily thinkable as-synthe-
sized aromatic monomers and comparatively high stability of
the imine. However, the limited amount of nitrogen and
oxygen groups on the surface inevitably diminishes the
population density of chelating sites, resulting in low saturation
capacity and affinity. Given the aforementioned limitation,
there is a need for the development of new COFs with unique
characteristic. It should be pointed that there are some
researches on hydrazone linkages COFs,19−23 but most of
them exhibited relatively low surface area (less than 600 m2

g−1) and provided access to only a limited number of structural
motifs.
Here, we first selected oxalyldihydrazide (ODH) and 1,3,5-

triformylphloroglucinol (Tp) as precursors to generate
crystalline porous COFs. The obtained 2D COF (TpODH)
showed more excellent property including good crystallinity
and large specific surface area. Porosity in the COF is beneficial
for the interaction between adsorbate and binding sites, more
importantly, the high density of N and O elements on the
TpODH skeleton inevitably increases the density of coordi-
nation sites, thus resulting in high metal-loading capability and
affinity. Another nonhydroxyl COF analogue (TFBODH) was
also synthesized by using 1,3,5-triformylbenzene (TFB) and
ODH.

■ RESULTS AND DISCUSSION

Synthesis, Characterization, and Stability Analysis.
There were a few hydrazone-linked COFs typically synthesized
with aromatic amines, such as benzene-1,3,5-tricarbohydra-
zide,24 2,5-diethoxyterephthalohydrazide,25−27 and pyromel-
litic-N,N′-bisaminoimide.28 Nowadays, it is still a great
challenge to fabricate COFs frameworks using flexible alkyl
amines. Herein, introducing intramolecular CO···H−N
hydrogen bonding between CO of Tp (enol-to-keto) and
H−N of ODH will decrease the possibility in different linker
lengths of ODH and form uniform directionalities, which are

an advantage in enhancing crystallinity, porosity, and chemical
stability of COF.29 To validate our approach, a new 2D COF
was synthesized by combining ODH with Tp in a 3:2 molar
ratio. For comparison, another monomer TFB was also chosen
for the preparation of nonhydroxyl COF analogue. Previous
studies30,31 have shown that Cu(II) and Hg(II) tend to form
stable chelates with N- and O-containing functional groups,
thus ODH was selected as one of the linker. As shown in
Figure 1, two hydrazone-linked COFs (TpODH and
TFBODH) were prepared under solvothermal conditions by
condensation reaction of ODH and Tp and TFB, respectively,
with acetic acid as catalyst. Subsequently, metal ions (Mn+)
could form stable chelates through coordination interaction
with TpODH and TFBODH. The reaction conditions played
vitally important roles on crystallinity and specific surface area
of the resulting frameworks. To gain ideal COF crystals, a
variety of reaction solvents, including dioxane, mesitylene, o-
dichlorobenzene (DCB), dimethylacetamide (DMAc), and o-
DCB/DMAc were investigated, as shown in Figure S2,
Supporting Information (SI). In addition, other factors
including reaction time and temperature and the concentration
of monomer and catalyst were also optimized. After carefully
optimizing the preparation conditions, a binary system of
mesitylene/dioxane (1:1 v/v) was explored to synthesize
TpODH and TFBODH at 120 °C for 3 days in the presence of
HAc (6 M).
The atomic-level construction of TpODH and TFBODH

was assessed by high-resolution Fourier-transform infrared
(FT-IR) and sNMR spectroscopy. FT-IR spectrum of TpODH
(Figure 2a) presented obvious peaks at 1237 cm−1 of −C−N−
stretch and 1540 cm−1 of −CC− stretch, which belong to
the characteristic signal of β-ketoenamine linkages.32 For Tp,
two characteristic peaks at 1640 and 2891 cm−1 belong to
aldehyde group (Figure 2b). Compared to Figure S3b,c, a peak
at 1628 cm−1 could be observed in Figure S3a, which was
assigned to the −CN− stretch in TFBODH, indicating the
formation of imine bonds. Furthermore, there were distinct
differences in the wave numbers of carbonyl and N−H
stretching between TpODH and TFBODH, which changed
from ≈1680 and ≈3426 cm−1 (TFBODH) to ≈1640 and
≈3370 cm−1 (TpODH), respectively. The formation of

Figure 1. Schematic of the construction of hydrazone-linked COFs and their metal chelates.
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intramolecular CO···H−N hydrogen bonding in TpODH
was convincingly demonstrated. More detailed information
was given by 13C NMR analysis. As shown in Figure 3a, the

resonance at 99 ppm was assigned to the exocyclic carbons
(CC) in TpODH, and the resonance signal at 181 ppm
assigned to the carbonyl carbons (CO) of quaternary
carbons (ring). Correspondingly, the signal at 155 ppm in
Figure 3b indicated the formation of −CN− in TFBODH,
which overlapped absolutely with the peak of CO carbons,
and the signal at 135 ppm could correspond to the carbon
atoms of benzene ring on the framework. As mentioned above,
it further corroborated the molecular backbones of TpODH
and TFBODH.
As shown in Figure 4, the morphology of two COFs was

characterized by helium ion microscopy (HIM) and TEM.
It could be observed from Figure 4a that TpODH

crystallized with a flowerlike morphology, which was similar
to two reported COFs prepared with Tp and aromatic
diamines, p-phenylenediamine (PDA) and 2,5-dimethyl-p-
phenylenediamine.33 In this system, each individual flower

unit could be deemed to be a collection of plentiful petals
about 2 μm long, 150−300 nm wide, and 20−40 nm thick,
forming a platelike structure. In the case of TFBODH (Figure
4c), the petals were much broader and longer, were 500−1000
nm wide, were 80−100 nm thick, had regular spike shape, and
grew out long-order structure from a core. Furthermore, the
TEM images were also used to certify these flowerlike
morphologies (Figure 4b,d), which manifested that these
individual petals had a sheetlike characteristic because of the
π−π stacking in the skeleton of the COF layers.
The powder X-ray diffraction (PXRD) measurements of the

synthesized bulk material confirmed the regular crystalline
structure of TpODH and TFBODH. According to the
experimental PXRD patterns in Figure 5, the peaks of
TpODH and TFBODH were remarkably different from
those of the three precursors.
The PXRD patterns of TpODH exhibited a strong peak at

4.5° (±0.2, 2θ), with d spacing of 19.4 Å, which corresponded
to the reflection from the 100 plane (Figure 5). Meanwhile, a
relatively broad peak emerged at higher 2θ value (∼27.6° ±
0.2), with d spacing of 3.2 Å because of the reflection from the
100 plane, indicating the π−π stacking between successive
layers of COF. As shown in Figure 5, a weak peak at 4.8°
(±0.2, 2θ) with d spacing of 18.3 Å arose also corresponding
to the 001 plane reflection in TFBODH, whose shift to a
higher 2θ value was attributed to smaller pore aperture. By
comparison, the peak intensity in TFBODH was slightly lower
than that in TpODH, indicating poor crystallinity of
TFBODH. Additionally, the unit cells of TpODH and
TFBODH were also calculated at the B3LYP/6-311++(d, p)
level with Gaussian 09 package,34 and their pore size was 19.9
and 18.3 Å (Figure S4a,b), respectively, which perfectly
matched with the experimental results. Compared to previous
two kinds of COFs, Tp−PDA COF35 prepared with Tp and
PDA and COF-LZU112 synthesized with TFB and PDA, more
insight into the structure of COF could be gained. As shown in
Figure S4c,d, the molecular size of ODH is close to that of
PDA, which was also calculated with density functional theory
and the Multiwfn36 program package. According to the (100)
diffraction of Tp−PDA, 2θ value was 4.68°, indicating the
most intense and lowest 2θ value peak with d spacing of 18.9
Å. As for COF-LZU1, 2θ value was 4.72°, with d spacing of
18.7 Å. As a result, d spacing of TpODH and TFBODH was
close to that of Tp−PDA and COF-LZU1, respectively. In
addition, the calculated gas-phase rotational barrier of ODH
C−N bond was 4.05 kcal mol−1 at the B3LYP/6-311++(d, p)
level (Figure S4e), which was especially lower than that of
amides.37 It is inevitable that the synthesized COF crystal
adopted various linked lengths and directionalities, as ODH
units might have different conformations under the solvother-
mal conditions. For crystalline growth of COFs, the process of
dynamic error correction is essential; nevertheless, this linkage
flexibility would increase the potential for crystallographic
defects.
Nitrogen sorption isotherm was taken on the activated

samples at 77 K to estimate the permanent porosity of as-
synthesized COFs (Figures 6a and S5a). The resulting BET
surface areas of two materials were 835 (TpODH, Figure S5c)
and 94 m2 g−1 (TFBODH, Figure S5d), whereas the Langmuir
surface areas for TpODH (Figure S5e) and TFBODH (Figure
S5f) were 1183 and 164 m2 g−1, respectively. For TFBODH,
these lower values were due to the linkage flexibility and pore
deformation as a result of framework flexibility.38 At P/P0 =

Figure 2. High-resolution FT-IR spectra of (a) TpODH, monomers,
(b) Tp, and (c) ODH.

Figure 3. 13C NMR spectra of (a) TpODH and (b) TFBODH.
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0.99, the total pore volumes of the two materials were
evaluated to be 0.89 and 0.15 cm3 g−1, respectively. A
micropore size distribution (0.5−1.2 nm) for TpODH (Figure
6b) was obtained using nonlocal density functional theory
(NLDFT) model. The same model was fitted to isotherms of
TFBODH (Figure S5b) to estimate its pore size distribution.
The irregular pore size distribution is very likely associated
with textural porosity arising from the packing of the COF
domains; on the other hand, these 2D materials may lack
sufficient long-range ordering structure, which could be
observed from the XRD patterns.39

To realize the widespread application, it is essential to
evaluate the stability of COFs. PXRD patterns were used to
certify the chemical stability of TpODH and TFBODH after
two days treatment in boiling water, HCl (9 M) and NaOH (9

M) aqueous solutions at room temperature. As demonstrated
in Figure 6c, TpODH was stable in boiling water and aqueous
HCl as evident from the PXRD patterns without distinct
difference in the peak position and intensity. Furthermore, it
was extremely persuasive that crystallinity was largely stable
under different harsh conditions, even though immersion in 9
M NaOH led to only a slight decrease in the peak intensities.
This feature is superior to other popular adsorbents, such as
silica- or metal−organic frameworks-based ones, which easily
suffer from the distortion of skeleton under harsh conditions.
However, the mass of TFBODH was greatly reduced, and the
remaining material’s crystallinity was poor and nearly rendered
amorphous (Figure S6, SI). The thermogravimetric analysis of
both TpODH and TFBODH in N2 atmosphere exhibited
identical thermal stability up to ∼300 °C, manifesting high

Figure 4. (a, c) HIM and (b, d) TEM images of (a, b) TpODH and (c, d) TFBODH showing a nanoflower morphology.

Figure 5. PXRD patterns of monomers TFB, Tp, ODH, and two COFs TpODH and TFBODH.
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thermal stability of all as-synthesized COFs. As we all know,
the melting point of the crystallizable compound will be
influenced by the presence of impurity, including solvent or
second polymer. For some crystallizable polymer with weak
interactions, the melting point compromise is not obvious but
is of significance in hydrogen-bonded system. Compared to
TFBODH (226 °C), the melting point of TpODH (219 °C)
showed a slight decrease due to H-bonding (Figure S7, SI).
Adsorption of Metal Ions. Two-dimensional materials

with abundance of nitrogen and π−π-conjugated system may

provide more possibility for their interaction with metal ions.
To assess the adsorption ability of TpODH, adsorption
isotherms for copper, mercury, lead, chromium, and cadmium
were plotted after measuring five metal ions’ aqueous solutions
with different concentrations. When researching the adsorption
process, adsorption isotherm should be considered first, which
could exactly describe how they interact with each other
between analytes and adsorbent. As shown in Figure 7a, it
should be highlighted that TpODH has an adsorption capacity
of Hg(II) of about 1692 mg g−1. Considering the extraordinary

Figure 6. (a) N2 adsorption isotherm (77 K), (b) pore size distribution profiles calculated according to NLDFT model, and (c) PXRD patterns
after treatment in different systems of TpODH.

Figure 7. (a) Hg(II) adsorption isotherm of TpODH at room temperature. Inset shows the linear regression with the Langmuir adsorption model
by fitting the isotherm. (b) Cu(II) adsorption isotherm of TpODH at room temperature. Inset shows linear regression with the Langmuir model.
(c) Adsorption kinetic of Cu(II). Inset presents the pseudo-second-order kinetic plot for the adsorption process of TpODH to Cu(II). (d) Capture
efficiency in removing different metal ions.
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binding ability of sulfur with mercury, there are two kinds of
COFs40,41 that were decorated with sulfur and used for
mercury removal. The adsorption capacity of the above
reported two COFs was 1350 and 734 mg g−1, respectively.
Considering the strong electrophilicity of Hg(II), the binding
site on the adsorbent needs to have abundant electron (N, O,
S, etc.) to make a strong interaction.42 TpODH with high
density of nitrogen and oxygen would contribute to the capture
of mercury. Then, the Langmuir adsorption model was
selected to investigate the adsorption mechanism of mercury
on TpODH. It could be clearly observed that the achieved
equilibrium adsorption isotherm was well matched with the
Langmuir model and resulted in a high correlation coefficient
(RL > 0.998). This result demonstrated that the adsorption
process would be monolayer.
As shown in Figure 7b, the saturated adsorbed amount of

TpODH to Cu(II) was calculated to be 324 mg g−1, whereas
another COF TFBODH (Figure S8a) was only 23 mg g−1.
Particularly, this adsorbed amount of TpODH to Cu(II) was
remarkably higher than those of the published materials,
including commercial resins (166 mg g−1)43 and multiwalled
carbon nanotubes (24.5 mg g−1).44 The outstanding capacity
should be ascribed to the plentiful nitrogen and oxygen
covered on the skeleton of TpODH, facilitating to trap Cu(II).
The adsorption isotherm of Cu(II) was found to follow a
Langmuir model with the correlation coefficient as high as
0.999 (Figure 7b). As presented in Figure 7c, pseudo-second-
order kinetic model was used to fit the kinetic data of copper
and interpret the mechanism of adsorption process. It can be
proven by fitting the experimental data with the pseudo-
second-order kinetic model using eq S2 (SI). High correlation
coefficient (0.999) demonstrated that pseudo-second-order
kinetic model was fitted for the adsorption of Cu(II) onto the
surface of TpODH. As mentioned above, the adsorption
process was chemical adsorption between COF and metal ion.
Distribution coefficient (Kd) was used to value the affinity of

adsorbent to adsorbate, and Kd value of 1.0 × 104 mL g−1 was
generally regarded as excellent affinity of material for copper,45

which was calculated under the condition of 10 ppm cooper at
room temperature (Figure S8b). Calculated after reaching an
equilibrium, TpODH possessed a high Kd value of
approximately 5.97 × 105 mL g−1, indicating a strong affinity
for copper.
As shown in Figure S8c, TpODH was determined to have a

capacity of other three metallic ions, including Pb(II), Cd(II),
and Cr(II), to be about 38.52, 1.34, and 0.98 mg g−1,
respectively. In detail, for Cr(II) and Cd(II), the adsorption
capacities were not changed along with an increase of initial
concentrations, indicating TpODH has a poor adsorption
capacity among these.
The adsorption selectivity is very important for estimating

the property of adsorbent. The selectivity test was also
performed on TpODH in a mixture solution (pH = 4)
containing five metal ions at the same concentration of 10
ppm. As shown in Figure 7d, TpODH exhibited more than
99% removal efficiency for Cu(II) and Hg(II) but less than
10% for other three ions Pb(II), Cr(II), and Cd(II). As a
result, TpODH has a better removal ability of toxic metallic
ions, including Cu(II) and Hg(II). It should be highlighted
that the adsorption ability to Cu(II) was the highest in the
mixture solution. The different adsorption capacity for the five
different metal ions in a multicomponent system might be
attributed to different inherent properties of ions, such as ionic
radius, hardness, and electronegativity.46 The pristine material
with porosity and large surface area has a good removal ability
to metallic ions. In detail, the nature of functional groups on
the sorbent plays a vital role in selectivity adsorption, as well as
the difference from their charge and radius of the hydrated
ions. Based on the hard and soft acids and bases (HSAB)
theory, copper is a soft metal with an especially high affinity
capacity for nitrogenous ligands. Therefore, cooper presents
excellent affinity in all experiments.

Figure 8. (a) FT-IR spectra of TpODH_Cu, (b) elemental composition of TpODH and TpODH_Cu, and XPS spectra of (c) TpODH and (d)
TpODH_Cu. Inset shows the Cu LMM spectra of ODH_Cu XPS bands of Cu(II).
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Considering the robustness and stability under the harsh
experimental conditions, PXRD and surface area measure-
ments of the material were carried out after the adsorption.
The results are shown in Figure S9. The diffraction patterns of
PXRD show that the samples retained their crystalline
structure, confirming the chemical stability of TpODH. A
slight decrease of the surface area (510 m2 g−1 of TpODH_Cu
and 361 m2 g−1 of TpODH_Hg) also confirmed their structure
without a significant network distortion. In addition, the
recycling ability of this material was inspected and the Cu-
captured TpODH was regenerated by immersing in 6 mM
HCl and 6 mM HNO3, respectively. Both of the regenerated
materials were then used for metal removal, and only 51 and
67% of the original capacities were retained. Thus, the
recycling ability of this material is not excellent, which may
be due to the narrow pore size of this kind of material.
Adsorption Mechanism. The adsorption mechanism of

heavy metal ions using TpODH adsorbent relied on synergistic
combination of electrostatic (between metal ion and functional
groups such as amide, amino, and carbonyl groups) and
coordination interactions. On the basis of the HSAB theory,
the adsorption may be dominated by the coordination
interaction between adsorbate and adsorbent. High-resolution
FT-IR and XPS analyses of the TpODH_Cu complex were
performed to confirm that. It could be seen from the FT-IR
spectrum (Figure 8a), compared to Figure 2a, that the band at
3373 cm−1 weakened and shifted to 3320 cm−1 and the bands
at 1540 and 1237 cm−1 became broader and shifted to 1519
and 1227 cm−1, respectively. The shift of these bonds might
reflect the electrostatic and ion-exchange interactions between
metallic ions and the functional group (−NH) on the material
after the replacement of hydrogen ions.47 Meanwhile, the
intensity reduction of the characteristic FT-IR signals following
the adsorption of Cu(II) clearly demonstrated that the
coordination interactions between Cu(II) and amide, amino,
and carbonyl groups actually occurred.48

XPS analysis was very important for further investigation of
the mechanism between Cu(II) ions and TpODH. The high-
resolution XPS survey wide scan spectrum of TpODH and
TpODH_Cu was obtained. As displayed in Figure S10a, there
were three characteristics peaks for TpODH, C1s (284 eV), N
1s (399 eV), and O 1s (532 eV), whereas Cu 2p (933 eV) and
Cl 2p (199 eV) peaks for TpODH_Cu are clearly observed in
Figure S10b, besides three above-mentioned peaks, indicating
that the copper ions were adsorbed on TpODH via
coordination interaction.49 Furthermore, elemental content
and composition of the TpODH and TpODH_Cu samples
based upon the analysis of the survey spectra are shown in
Figure 8b and Table S1. High-resolution XPS spectra of
TpODH and TpODH_Cu were also given. There were no
characteristic peaks about copper ions in Figure 8c, whereas in
Figure 8d, the binding energies in 932.5 and 952.2 correspond
to the satellite peaks of Cu 2p3/2 and Cu 2p1/2, regarded as the
Cu 2p peak, indicating the presence of Cu(II).50 The satellite
peaks were related to the interactions between Cu(II) and
functional groups (−NH, −CO).51 In detail, the Cu LMM
spectrum of the characteristic TpODH_Cu XPS band of
Cu(II) was clearly seen in the inset of Figure 8d. A more
detailed chemical analysis on XPS was obtained from the C1s
spectra illustrated in Figure S11 (SI). Compared with Figure
S11a,b, there were slight shifts of three characteristic peaks,
manifesting that the electron cloud density of different C
atoms was changed along with the adsorption process. The

peak’s intensity between TpODH and TpODH_Cu was
further compared and is shown in Figure S11c, and was
slightly decreased in the latter. As shown in Figure S12 (SI), N
1s and O 1s XPS spectra of TpODH and TpODH_Cu further
confirmed that metallic ions could be adsorbed on TpODH via
electrostatic interaction and coordination interaction. In
addition, after the saturation adsorption of Cu(II) with
TpODH, the pH of the Cu(II) solution was measured. We
found that the acidity was decreased from the initial pH = 4.5
to the final pH = 1.5, further indicating hydrazone nitrogen
chelation with metal along with deprotonation.52

■ CONCLUSIONS

In summary, we developed a straightforward strategy for
constructing a hydrazone-linked COF using alkyl amine as a
building block, which was used to adsorb metal ions. Our
findings overcame the lack of building block of COF synthesis
by introducing a flexible alkyl amine (ODH). The key design
for alkyl amine-based COF was the introduction of Tp with the
hydroxyl (−OH) moieties as the monomer, and forming an
intramolecular hydrogen bonding (N−H···OC) in the
network was beneficial to improving the internal property of
COF, including crystallinity, porosity, and chemical stability.
The high density of N and O elements aligned in the periodic
arrays on the walls of TpODH are proximate with each other,
facilitating their cooperation interaction and high affinities
toward the metal ions such as copper and mercury. The
pseudo-second-order kinetic model was well suitable for the
adsorption process, which convincingly demonstrated the
coordination interaction between metallic ions (Cu(II)) and
TpODH. Furthermore, this adsorption mechanism was also
revealed by the FT-IR and XPS analyses. However, TFBODH
had lower efficiency to remove metal ions due to lack of
formation of intramolecular hydrogen bonding in the network.
Therefore, it was expected that such a simple way would be
explored for the construction of other COFs using alkyl amines
and applied for efficient removal of heavy metal ions.
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