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ABSTRACT: Keggin-type polyoxometalate (POM), phosphotungstic
acid (H3PW12O40), was encapsulated by an oppositely charged
COOH-functionalized surface active ionic liquid (SAIL), N-decyl-N′-
carboxymethyl imidazolium bromide ([N-C10, N′-COOH-Im]Br), with
the assistance of an ionic self-assembly (ISA) process in an aqueous
environment. The as-prepared POM/SAIL material possesses multiple
active properties, including reversible pH-response and renewable
catalyst for dye degradation. Specifically, the POM-based hybrid materials
show a great enhancement in catalytic efficiency when it is employed in
degradation of methyl orange (MO) in aqueous solution. Furthermore,
the electrostatic repulsions between POM and the deprotonated SAIL
may result in the pH-induced disassembly and assembly of the hybrid
nanomaterials, which provides an expedient method to regenerate the
catalytic activity. Therefore, the presented POM/SAIL hybrid materials
are expected to improve the common poisoning issue of the traditional heterogeneous catalysts for industrial applications.
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■ INTRODUCTION

The supramolecular self-assembly process offers a versatile route
for the fabrication of well-defined and discrete materials at
nanoscopic scales, and therefore facilitates the in-depth research of
various new materials, such as nanomaterials, organogels, organic−
inorganic hybrid materials, and biomolecular materials.1−4

Among them, due to the combined properties from inorganic
and organic components, the supramolecular self-assembled
organic−inorganic hybrid materials have drawn particularly
research interest.5,6 Within such materials, the inorganic fraction
can enhance mechanical strength and build additional func-
tionalities (e.g., specifically catalytic, optical, and electric
properties) into nanomaterials, while the organic fraction is
capable of self-assembling and shows tendency of coassembling
with inorganic fraction into nanomaterials.
Polyoxometalate (POM), an intensively studied class of

anionic oxide nanoclusters of transition metals, are emerging as
useful materials for potential applications in diverse field such as
catalysis,7,8 electronics,9,10 optics,11,12 medicine,13 sensing14,15

and biology,16,17 etc. On the other hand, surface active ionic
liquids (SAILs), referred to the ionic liquids (ILs) containing
long alkyl chains that exhibit an amphiphilic characteristic,
have emerged as a novel type of amphiphiles. Compared to
traditional surfactants, SAILs usually display superior surface

active properties and specific phase behaviors in the aqueous
phase. Additionally, SAILs are a kind of green and environ-
mentally friendly compounds. Therefore, SAILs are desirable
building blocks for various well-defined supramolecular
structures.18

POM and SAILs have been extensively applied as nanoscale
building blocks for construction of hybrid inorganic−organic
materials.19−23 For example, Wang’s group designed POM-
based hybrids via partial replacement of the protons in POM
with cations of ILs.24 Biboum et al. reported a method to
construct hybrid materials from poly(ionic liquid) and POM.25

However, beyond the POM/SAIL structural design, attempts
to design functionalized POM/SAIL structures, for example,
a smart catalyst with stimuli-responsive ability and catalytic
renewability, have been barely reported.
Herein, we report on a green and model synthesis method to

prepare supramolecular nanomaterials based on an ionic self-
assembly (ISA) strategy.26 The supramolecular complex consists
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of a Keggin-type POM, phosphotungstic acid (H3PW12O40),
and COOH-functionalized imidazolium-based SAIL, N-decyl-
N′-carboxymethyl imidazolium bromide ([N-C10, N′-COOH-
Im]Br). Figure 1 shows the proposed formation mechanism
of the supramolecular material coassembled from [N-C10,
N′-COOH-Im]Br molecules and POM clusters in water. Initially,
POM and [N-C10, N′-COOH-Im]Br form IL-encapsulated POM
supramolecular complexes through electrostatic interactions and
H-bond. Subsequently, these supramolecular complexes can self-
assemble into hybrid materials due to hydrophobic interactions
between long hydrocarbon chains of ILs decorated on the POM
clusters. Therefore, the as-prepared materials could inherit
electrochemical properties from POM parts, as well as exhibit
pH-responsive properties, that the pH can induce disassembly
and assembly of the hybrid nanospheres due to electrostatic
repulsions between POM and the deprotonated IL molecules.
Numerous chemical reactions can be catalyzed by POM due

to their controllable redox potentials and electron transfer, and
this feature is also well kept in POM-based materials.27−30

Heterogeneous catalysis is widely used for industrial purposes
because it is easy to operate and the catalyst can be easily
separated and recycled. However, poisoning of heterogeneous
catalyst is almost universal and causes huge losses in industry.
Here, based on the pH-responsive property, the poisoning issue
of hybrid materials can be addressed by controlling their
disassembly and assembly processes in the aqueous solution
with different pH, so that the formed solid-state catalyst can
be efficiently recycled. In the process of ISA, both electrostatic
interactions and hydrogen bonds play important roles in the
formation of POM/[N-C10, N′-COOH-Im]Br materials. These
interactions can also improve the electron transfer rate from
organic substrates to POM. Herein, we demonstrated catalytic
activity of the hybrid materials in the aqueous solution by
using the catalytic degradation of methyl orange (MO) in dark,

and H2O2 was used as an ecofriendly oxidant in the catalytic
reaction.

■ EXPERIMENTAL SECTION
Materials. Phosphotungstic acid (99%) was purchased from J&K

Chemical Technology, China. 1-Bromodencane (98%), 1-bromo-
dodecane (98%), 1-bromotetradecane (98%), 1-bromohexadecane
(99%), N-alkylimidazole (99%), and bromoacetic acid (99%) were
all bought from Aladdin Chemistry Co., Ltd., of China. Benzophenone
(chemical pure) was obtained from Sinopharm Chemical Reagent Co.,
Ltd., of China. All the above reagents were used without further
purification. Triply distilled and deionized water was used in all the
experiments.

Synthesis of COOH-Functionalized Imidazolium SAILs.
N-Alkyl-N′-carboxymethyl imidazolium bromides ([N-Cn, N′-COOH-
Im]Br, n = 10, 12, 14, 16) were prepared as improved procedures
according to our early report.18 N-Alkylimidazole was prepared based
on the previous description.18 Take [N-C12, N′-COOH-Im]Br as an
example. 1H NMR (D2O, ppm): δ = 8.80 (s, 1 H, CH), 7.46 (d, 1 H,
CH), 7.46 (d, 1 H, CH), 4.88 (s, 2 H, CH2), 4.18 (t, 2 H, CH2), 1.83
(m, 2 H, CH2), 1.27 (m, 18 H, CH2), 0.80 (t, 3 H, CH3). Calcd for
[N-C12, N′-COOH-Im]Br: C, 69.40; H, 10.20; O, 10.88; N, 9.52.
Found: C, 69.25; H, 10.78; O, 10.72; N, 9.25.

Preparation of Supramolecular Structures. Aqueous solutions
of POM (10 mL, 0.5 mM) and [N-C10, N′-COOH-Im]Br (30 mL,
0.5 mM) were mixed and stirred in a 50 mL flask. After additional
stirring for different time, the mixture was placed in a thermostatic
water bath with the uncertainty of within ±0.1 °C. The obtained
products were collected by filtration, washed three times with water to
remove salts and possible precursors. The final products were dried
under vacuum at 55 °C for 24 h.

Electrochemical Measurements. Cycle voltammetry (CV) was
used to detect the electrochemical properties of the supramolecular
material. Diluted sulfuric acid solution (pH = 1) and a standard
three-electrode cell (Ag/AgCl electrode as the reference electrode,
a platinum plate as the counter electrode, the glassy carbon disc as the
working electrode) were used during the processes of determination.

Figure 1. Schematic illustration of the formation mechanism of POM/[N-C10, N′-COOH-Im]Br hybrid materials and the reversible disassembly and
assembly processes induced by changing pH in the aqueous solution.
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Before each experiment, the glassy carbon electrode was polished with
aluminum oxide, and modified with the as-prepared hybrid materials.
pH-Responsive Measurements. The pH of the hybrid solution

was measured by a pH meter (PHS-3C, INESA). The initial pH was
about 3.0, and then, the pH value of the solution was adjusted to 6.5
with diluted NaOH solution. Meanwhile, the macroscopic appearance
of the solution underwent an obvious variation, namely, from turbid to
transparent. The cycle experiments were carried out according to the
above steps.
Adsorption Experiments. Aqueous solutions of POM/

[N-C10, N′-COOH-Im]Br (0.5 mM, 6.0 mL) and MO (1.2 mM, 2.0
mL) were added into a small tube (10 mL). The mixed solution was
placed in a dark environment for a period of time. The 1 mL of the
solution was used as the samples for UV−vis absorption measurements
(HP 8453E in a quartz cell with 1 mm light path) after 0, 4, 8, 18, and
30 h, respectively.
Catalytic Experiments. The as-prepared POM/[N-C10,

N′-COOH-Im]Br hybrid solution (3.0 mL) and H2O2 (0.5 mL)
solution were added to MO solution (1.2 mM, 2.0 mL) successively.
The mixed solution was placed in an environment with or without sun
light. The solution was monitored by UV−vis spectrometer after
different times. The control experiments about MO degradation
reaction in the presence of single POM or [N-C10, N′-COOH-Im]Br
or POM/[N-C10, N′-Im]Br hybrid materials were also performed
following the same experimental methods.
Characterizations of Supramolecular Structures. The chem-

ical structures were ascertained by 1H NMR (a Bruker Avance 300
spectrometer) and elemental analysis (Vario EL III elementar analyzer,
Elementar) measurements. SEM images were recorded using a JEOL
JSM-7600F at an accelerating voltage of 5 kV. TEM analysis was
characterized in bright-field mode on a JEM-100X II(JEOL) electron

microscope at an accelerating voltage of 120 kV. Small angle X-ray
scattering (SAXS) measurements were performed using an Anton-paar
SAX Sess mc2 system with a Ni-filtered Cu Kα radiation (1.5406 Å)
operated at 50 kV and 40 mA. Fourier transform IR (FTIR) spectra
were determined by a VERTEX-70/70v FTIR spectrometer on
pressed thin KBr disks of samples at room temperature. The diameter
of particles was obtained by a laser particle analyzer (Delsa Nano_C,
Beckmann, US) at 25 °C. The sample solutions were filtered through
by 450 nm hydrophilic PVDF membrane filter (Millipore Durapore).

■ RESULTS AND DISCUSSION

Synthesis of the POM/SAIL Hybrid Materials. A single
phase approach was adopted to prepare IL-encapsulated POM
supramolecular complexes based on Keggin-type POM and
[N-C10, N′-COOH-Im]Br in the aqueous solution at room temp-
erature. Monodispersed nanospheres with diameters of ca. 100−
200 nm was clearly revealed by TEM images (Figure 2a, b)
after the initial self-assembly process. These nanospheres then
gradually transformed into nanofibril structures within 12 h
(Figure 2d) and the intermediate state of the transformation
could be shown in Figure 2c (4 h) and Figure S1, where both
nanospheres and nanofibers existed. When the synthetic time
of the materials was elongated to 24 h, all the nanospheres were
observed to transform into nanofibers (Figure S2). These
results indicate that the morphology of the obtained hybrid
materials can be regulated by the synthetic time.

Characterizations of the POM/SAIL Hybrid Nano-
spheres. The composition of the hybrid materials was first
investigated. 1H NMR measurements were employed to confirm

Figure 2. TEM images of the synthesized hybrid nanospheres with lower (a) and higher (b) magnification. SEM images of supramolecular structures
formed by POM/[N-C10, N′-COOH-Im]Br in the aqueous solution at room temperature after 4 (c) and 12 h (d), respectively.
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the formation of supramolecular materials and to investigate
the interaction between POM and SAIL. Figure S3 shows the
1H NMR spectra of [N-C10, N′-COOH-Im]Br and the POM/
[N-C10, N′-COOH-Im]Br hybrid materials. It is found the
proton peaks of [N-C10, N′-COOH-Im]Br were well maintained
in the 1H NMR spectra of POM/[N-C10, N′-COOH-Im]Br
hybrid materials, which confirmed the existence of [N-C10,
N′-COOH-Im]Br in the supramolecular materials. Furthermore,
the peak at 5.15 ppm assigned to the protons of −CH2−
between the carboxyl group and the imidazolium cation shifts to
5.04 ppm, which illustrates the electrostatic interactions between
cationic imidazolium group and anionic POM. Additionally,
in consistence with the 1H NMR, the FTIR characterization
also suggests that the supramolecular materials are composed of
[N-C10, N′-COOH-Im]Br and POM. The FTIR spectrum of
POM exhibits four characteristic vibration bands at 1079, 985,
892, and 796 cm−1, respectively (Figure 3a). After complexation
of POM with [N-C10, N′-COOH-Im]Br, an obvious shift of the
ν(W = Od), ν(W−Ob−W) and ν(W−Oc−W) stretches were
observed, indicating strong electrostatic interactions between
POM and [N-C10, N′-COOH-Im]Br.31 The strong FTIR band
at 1737 cm−1 for hybrid materials shifts about 8 cm−1 compared
to pure [N-C10, N′-COOH-Im]Br, which is attributed to CO
stretching vibrations. This peak shift may imply the existence
of hydrogen bonding networks. In addition, a new band at
739 cm−1 branched from 809 cm−1 for W−Oc−WVI is assigned
to the hydrogen bond between [N-C10, N′-COOH-Im]Br and
O atom of W−Oc−WVI (Figure 3a).32 To further understand
the self-assembly process of the POM hybrid materials,
hydrophobic interaction of the alkyl chains of the SAILs was
analyzed with the morphology and FTIR study. For the POM/
[N-C10, N′-COOH-Im]Br complex, the νas (CH2) and νs

(CH2) FTIR bands appear at 2925 and 2854 cm−1, respectively
(Figure 3b), which indicates that gauche conformation existing
in hybrid materials and alkyl chains are relatively disordered.32

To confirm this effect is caused by the hydrophobic interaction
of alkyl chains, we further changed the chain length of SAILs
and synthesized [N-Cn, N′-COOH-Im]Br (n = 12, 14, 16).
When [N-C12, N′-COOH-Im]Br was used, the overall size of
hybrid nanospheres obtained after 1 h became larger (300−500
nm; Figure 4a), in comparison with POM/[N-C10, N′-COOH-
Im] nanospheres. After 12 h, these [N-C12, N′-COOH-Im]Br/
POM hybrid materials could also transform into nanofibers in
very high yield (Figure 4b). [N-C14, N′-COOH-Im]Br and POM
can also form hybrid nanospheres and fibers after 1 h (Figure 4c).
However, when POM was added into the aqueous solution
of [N-C16, N′-COOH-Im]Br, the formed supramolecular
complexes could not self-assemble into nanospheres and directly
generated nanorods (Figure 4d). Indeed, the FTIR measure-
ments upon these POM/SAIL hybrid materials may imply a
similar trend. When the alkyl chain length of [N-Cn, N′-COOH-
Im]Br increases from 10 to 12, 14, and 16; the FTIR spectra
(Figure 3b) show that νas (CH2) and νs (CH2) bands of POM/
[N-C10, N′-COOH-Im]Br composites at 2925 and 2854 cm−1

shift to 2922−2923 and 2852−2853 cm−1, respectively, which is
more close to the high ordered alkyl chains at 2918 cm−1

(νas (CH2)) and 2848 cm−1 (νs (CH2)).
32 This illustrates the

alkyl chains become more ordered with the increasing length of
hydrophobic chain. Combining the morphological effect of the
chain length, we believe the hydrophobic effect plays an important
role in the formation of the highly monodisperse and uniform
nanospheres.
Since Raman spectra are very sensitive to the differences in

the external environment of POM, it can help to provide further

Figure 3. FTIR (a), Raman (c), and UV−vis (d) spectra of [N-C10, N′-COOH-Im]Br (black curve), POM (blue curve), and POM/[N-C10,
N′-COOH-Im]Br hybrid materials (red curve). (b) FTIR patterns of POM/SAILs with different carbon chain length.
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insight into hybrid materials. The Raman spectrum of POM
exhibits three characteristic vibration bands at about 905,
993, and 1009 cm−1, respectively (Figure 3c). Compared to pure
POM, the band of [N-C10, N′-COOH-Im]Br/POM hybrid
materials around 920 cm−1 has a 15 cm−1 shift due to the
electrostatic interactions.33 UV−vis spectra (Figure 3d) show
that the supramolecular materials have a strong characteristic
absorption peak near 266 nm, which is ascribed to the O−W
charge-transfer transition band.
Compared with the POM/[N-C10, N′-COOH-Im]Br supra-

molecular complexes and pure POM, the UV−vis absorption
is red-shifted by 4 nm, which can be attributed to dense
arrangement and identical orientation of the hydrophobic
chains of SAILs.34 In SAXS diffractogram (Figure 5b), the ratio
of the q values of the two scattering peaks is 1:2, suggesting the
formation of highly ordered lamellar supramolecular structures.
The calculated interplanar distance (d) of the typical lamellar
structure is 3.1 nm. The energy minimized structures of
[N-C10, N′-COOH-Im]Br and POM molecules at the B3LYP/
6-31G(d,p)35 level are shown in Figure 5a, which demonstrates
that the hydrophobic chain length of [N-C10, N′-COOH-Im]Br
is 1.36 nm and the width of POM is 0.52 nm (Figure 5a).
Thus, the theoretical layer spacing (dtheory) is calculated as
1.88 nm. Apparently, the calculated interplanar distance (d)
based on SAXS pattern is larger than the theoretical
layer spacing (dtheory) but less than the twice of the value
(3.76 nm).36 Therefore, we determine the internal stacking of
the POM/SAIL materials is in cross-bedding stacking mode,
as shown in Figure 5c.

pH-Responsive Properties of the POM/SAIL Hybrid
Nanospheres. As we demonstrated that the formation of the
hybrid nanomaterials are based on the interaction between the
SAIL and POM interface, the morphology of the POM/SAIL
materials could in turn change accordingly to the environ-
mental conditions. Herein, the concentration of H+ ions
(pH value) was able to induce the disassembly and assembly of
the hybrid materials due to electrostatic repulsions between
POM and the deprotonated SAIL. The difference in turbidity
degree at different pH values was observed by dropwise adding
0.1 M NaOH aqueous solution to the dispersed POM/SAIL
systems. Specifically, the hybrid nanospheres were in major
when pH was about 3.0, leading to the high turbidity degree of
the system, and the turbidity could reduce gradually with the
increase of pH of the system. This process was reversible with
the repeating change of pH values (Figure 6b), which was also
confirmed in Figure 6a with DLS method. Such pH sensitivity
may imply the significant role of electrostatic interactions in
the formation and stability of the as-prepared nanospheres.
When pH value changes from 3.0 to 6.5, −COOH of [N-C10,
N′-COOH-Im]Br becomes −COO−. This transition could lead to
stronger electrostatic repulsion between [N-C10, N′-COO−-Im]Br
molecules and POM clusters.

Catalytic Properties of POM-Based Hybrids: Degrada-
tion of Dyes. Since the POM materials are a family of widely
used catalysts,7,8 the POM/[N-C10, N′-COOH-Im]Br supra-
molecular materials was also verified as a heterogeneous catalyst.
The degradation of methyl orange (MO) in an aqueous solution
was selected as a standard reaction to examine the catalytic

Figure 4. TEM images of supramolecular structures formed in the aqueous solution by POM/[N-C12, N′-COOH-Im]Br after 1 h (a) and 12 h (b),
POM/[N-C14, N′-COOH-Im]Br (c), and POM/[N-C16, N′-COOH-Im]Br (d) after 1 h at room temperature (the scale bar is 500 nm).
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efficiency of the POM-based hybrid materials. Based on
previous reports, POM can activate H2O2 for the oxidation
of organic compounds only under strong light irradiation
(<400 nm), while in this work, highly efficient degradation of
MO was achieved without light irradiation in the presence
of H2O2 (Figure 7a, b, and curves 1 and 2 in c). In the control
experiments, less degradation yields of MO were observed
in POM/MO/H2O2 (curve 5 of Figure 7c) and [N-C10,
N′-COOH-Im]Br/MO/H2O2 (curve 6 of Figure 7c) systems.
Such contrast sufficiently indicated the necessity of the
hybrid materials containing the POM/SAIL interaction could
catalyze the degradation in a high efficiency. In another control

experiment, the absence of H2O2 greatly limited degradation
of MO, indicating the catalytic role of POM/SAIL hybrid
materials, rather than a reagent (Figure 7c, curve 3). Besides, to
further prove the degradation reaction of MO, a control experi-
ment containing POM/SAIL hybrid materials and MO was kept
in dark without H2O2 added (curve 7 of Figure 7c). As a result,
almost no change was observed for the concentration of MO
with the elongation of time, implying that the decreases of MO
concentration in other experiments (curve 1−6 in Figure 7c)
were mainly caused by the degradation of MO molecules rather
than the adsorption by the materials. The control experiments
of MO/H2O2 in sunlight irradiation (curve 8 in Figure 7c) and

Figure 5. (a) Geometry of [N-C10, N′-COOH-Im]Br optimized at the B3LYP/6-31G(d,p) level and schematic view of POM. (b) SAXS spectrum of
POM/[N-C10, N′-COOH-Im]Br hybrid materials. (c) Schematic illustration of the structure of POM/[N-C10, N′-COOH-Im]Br hybrid materials.

Figure 6. (a) DLS curves of the POM/[N-C10, N′-COOH-Im]Br supramolecular nanospheres self-assembled at room temperature upon reversible
changes of pH: curve 1 (black spots) initial state, curve 2 (red spots) encountering first cycle, curve 3 (blue spots) encountering second cycle,
curve 4 (green spots) encountering third cycle. (b) Photographs showing reversible turbidimetric responses of the POM/[N-C10, N′-COOH-Im]Br
supramolecular nanospheres between pH 3.0 and 6.5 in water. (c) Mechanism for the pH-reversible turbidimetric responses of the POM/[N-C10,
N′-COOH-Im]Br supramolecular nanospheres.
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in the dark (curve 9 in Figure 7c) show that only a little
degradation of MO has occurred in either case. All the above
results indicate that the degradation of MO is caused by the
synergistic effect of the POM/SAIL hybrid materials and H2O2.
Based on the above results, the possible degradation

mechanism of MO is proposed in Figure 7d. Based on the
CV characterization, the hybrid materials inherited the good
electrochemical properties of POM, which is the basis of the
catalytic property (Figure S4). In a catalytic cycle, upon the
contact of H2O2 on the surface of hybrid catalyst, an oxygen
atom transfers from H2O2 to POM cluster to form the peroxide
intermediate state, as indicated in the forward direction of
Figure 7d. Subsequently, these highly active species attack and
degrade the dye molecules, as indicated in the reverse direction
of Figure 7d.37 We also conducted a control experiment by

usingN-decyl-N′-methyl imidazolium bromide ([N-C10, N′-Im]Br)
to construct new hybrid materials with POM, which lacks a
−COOH group, and therefore possesses a weaker interaction
with POM. As a result, a remarkable decrease on the degrada-
tion efficiency was observed, implying H-bond between POM
and SAIL molecules may impact on the catalytic activity of the
hybrid materials (curve 4 of Figure 7c).

pH-Driven Regeneration of the Hybrid Catalyst. As a
common issue, poisoning of catalyst widely exists in industrial
production. After a catalyst is used for long time, it would
adsorb residual organic molecules at the surfaces, resulting in
the loss of the catalytic activity. Thus, the catalyst poisoning
significantly shortens the lifetime of catalyst, causing a huge waste
of resources. In our experiment, the hybrid catalyst material
becomes yellow aggregates and loses activity after conducting the

Figure 7. UV−vis spectra (a) and photographs (b) of degrading MO in the presence of the hybrid materials formed by POM/[N-C10, N′-COOH-
Im]Br and H2O2 at different time. (c) Plotted degradation kinetics of MO derived from UV−vis spectra (λmax = 500 nm) in the hybrid materials/
H2O2/MO system (sun light) (1), hybrid materials/H2O2/MO system (dark) (2), hybrid materials/MO system (sun light) (3), [N-C10, N′-Im]Br/
POM/H2O2/MO system (sun light) (4), POM/H2O2/MO system (sun light) (5), [N-C10, N′-COOH-Im]Br/H2O2/MO system (sun light) (6),
hybrid materials/MO system (dark) (7), H2O2/MO system (sun light) (8), and H2O2/MO system (dark) (9). (d) Proposed catalysis mechanism for
heterogeneous degradation of MO catalyzed by POM/[N-C10, N′-COOH-Im]Br hybrid materials in the presence of H2O2. (e) Schematic illustration
of pH-induced recycle of POM/[N-C10, N′-COOH-Im]Br materials.
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catalysis reaction for 6−8 times (Figure 7e). At this time, some
residual organic molecules have already been absorbed on the
catalyst surface and blocked the access to catalytic POM interface
(Figure S5). As we have demonstrated, pH value of the aqueous
solution can control disassembly and assembly of the hybrid
nanospheres. Such method could also be used to address the
poisoning problem of the catalyst. After poisoning of catalyst,
when pH of the aqueous solution was adjusted to 6.5, the yellow
aggregates in solution reduced gradually and the hybrid catalyst
dissociated due to the electrostatic repulsions between POM
and the deprotonated SAIL. However, the nanospheres could
reform (Figure S6) after adjusting pH to 3.0, with the catalytic
activity regenerated (Figure S7). So the catalyst poisoning
issue is addressed by using the pH-responsive POM/[N-C10,
N′-COOH-Im]Br hybrid catalyst, which may avoid the common
disadvantages of traditional catalysts. Our further investigation
also confirmed that dyes, such as congo red and acid orange 7,
could also be degraded using the POM/[N-C10, N′-COOH-Im]Br
hybrid catalyst with H2O2 as the oxidant. The simple and
robust strategy reported in this study shows a promising pros-
pect in regeneration of POM-based materials used for various
catalytic reactions.

■ CONCLUSIONS

In summary, POM/[N-C10, N′-COOH-Im]Br hybrid materials
were first prepared in water via an ISA approach. Electrostatic
interactions, hydrogen bonds, and hydrophobic interaction
are the main driving forces for the formation of the hybrid
materials that exhibit pH-responsive and renewable catalytic
properties. Of particular interest is that disassembly and
assembly of hybrid materials can be well-controlled by changing
the pH of the aqueous solution, and this method was proven to
be very promising to address the poisoning problem of catalyst.
In addition, the catalytic reaction can also be conducted in dark.
The smart supramolecular materials fabricated in this work are
expected to solve poisoning of catalyst and reduce costs for
industrial applications.
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