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a b s t r a c t

A stimuli-responsive supramolecular polymer network (G-(CN)2⊂BXDSP5) with aggregation-induced

emission (AIE) properties has been efficiently constructed by host–guest interactions between pil-

lar[5]arene derivative BXDSP5 and a homoditopic guest G-(CN)2, which shows not only excellent fluo-

rescence properties due to the AIE effect but also desirable ion-sensing abilities in both solution and

solid states, holding great potential in the applicable fluorescence detection for Fe3+. The resultant

G-(CN)2⊂BXDSP5 can be transformed into supramolecular polymer gel at high concentration via mul-

tiple noncovalent interactions, showing multi-stimuli-responsiveness in response to temperature change,

mechanical force, and competitive agent. Meanwhile, the xerogel of supramolecular polymer material has

been successfully used to remove Fe3+ from water with high adsorption efficiency. In addition, an ion-

responsive film based on supramolecular polymer has also been developed, which can serve as a practical

and convenient fluorescence test kit for detecting Fe3+.
© 2023 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

The detection and separation of hazardous metal ions such as

Fe3+ are seminal in environmental protection and healthcare [1,2].

So far, fluorescence sensing has been considered one of the most

powerful and convenient strategies for qualitatively and quanti-

tatively measuring metal ions because of its multiple superiori-

ties, including high sensitivity and efficiency, low cost, and easy

operation [3–5]. Particularly, fluorescent supramolecular systems

comprising organic luminophores and supramolecular functional

groups that can be assembled via noncovalent interactions, pos-

sessing abundant recognition sites and tunable luminescent prop-

erties, have attracted tremendous attention in fluorescence detec-

tion and supramolecular sensing [6,7]. Although much progress

has been made in the construction and application of fluorescent

supramolecular materials, advantages, including optimized emis-

sion properties and good sensing ability of the materials in both

solution and the solid phases, are still under extensive pursuit by

researchers.

Aggregation-induced emission (AIE) [8], an intriguing photo-

physical phenomenon where the fluorophores show very weak or
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no fluorescence in dilute solutions but exhibit dramatically en-

hanced emission in the aggregated or solid states due to the re-

striction of intramolecular motion, has aroused extensive attention

and experienced flourishing progress in numerous fields spanning

from material science to biotechnology [9,10]. Among numerous

AIE materials, AIE supramolecular polymers have been constructed

as polymeric arrays of small AIE-active molecular units connected

by noncovalent interactions [11–13]. Because of the dynamic and

reversible nature of noncovalent interactions, AIE supramolecular

polymers are highly responsive to certain external stimuli, such as

temperature changes [14], pH variations [15], redox [16], ions [17],

light [18] and mechanical forces [19], and their tunable physico-

chemical and photophysical properties endow them with applica-

tion potentials in sensors [20], cellular imaging [21], artificial light-

harvesting [22], drug release [23], and display or storage device

[24].

Pillar[n]arenes (pillararenes), as a class of supramolecular

macrocyclic hosts with rigid pillar-shaped architectures and

electron-rich cavities [25–27], are superior candidates for con-

structing multi-functional supramolecular assembly systems with

tunable topological structures and properties [28–32]. Up till

now, pillararene-based stimuli-responsive supramolecular poly-

mers have been applied in many areas, such as fluorescence
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Fig. 1. Chemical structures of BXDSP5 and G-(CN)2 and the schematic representa-

tion of the assembly process of supramolecular polymer G-(CN)2⊂BXDSP5.

sensing, intelligent materials, molecular switches, and artificial

light-harvesting systems [33–37]. Enlightened by these considera-

tions and our previous studies on functionalized macrocycle-based

supramolecular materials [38–42], we report a facile approach to

construct a new stimuli-responsive supramolecular polymer, G-

(CN)2⊂BXDSP5, which exhibits a superior ability of selective and

quantitative detection of Fe3+ in both solution and gelation by dra-

matic luminescence change. The metal coordination of the mono-

functionalized pillar[5]arene BXDSP5 and Fe3+ results in the for-

mation of the non-luminescent complex G-(CN)2⊂BXDSP5@Fe3+.
The AIE supramolecular network G-(CN)2⊂BXDSP5 can be trans-

formed into supramolecular gel at a high concentration, which

possesses multi-stimuli-responsive properties and can adsorb Fe3+

from water with excellent adsorption efficiency under the state of

xerogel. Hence, we envision that this work will significantly ex-

tend the application of pillararene-based fluorescent supramolecu-

lar materials in selective sensing and visual detection.

The synthetic procedures of the target host compound

(BXDSP5), guest compound (G-(CN)2), and model guest (GM-CN)

are provided in Schemes S1 and S2 (Supporting information).

The target host and guest compounds and main precursors were

fully characterized by 1H NMR, 13C NMR, and mass spectroscopy

(Figs. S1–S25 in Supporting information). In the fabrication of

the stimuli-responsive supramolecular polymer material, the pil-

lararene derivative (BXDSP5) bearing one benzo[f]coumarin moiety

can serve as the π-π stacking site and the emissive center, asso-

ciated by a neutral guest G-(CN)2 via host–guest recognition and

π-π stacking to form a linear supramolecular polymer (Fig. 1).

To verify the host–guest interaction that drove the supramolec-

ular polymerization process, measurements including 1H and 2D

DOSY NMR, 2D ROESY NMR, scanning electron microscopy (SEM),

and dynamic light scattering (DLS) were performed. First, 2D

ROESY NMR spectra of BXDSP5 were obtained to eliminate the self-

inclusion of the benzo[f]coumarin-bearing side chain in the pil-

lararene cavity. The ROE correlations of the protons Hb, Hd, He, Hf,

Hh, Hi, Hj and Hm were observed, attributing to the π-π stacking

of the arms at high concentrations (Fig. 2A). However, no such sig-

nals have been found between the alkyl chain and aromatic and/or

the bridging methylene protons of the pillararene moiety, which

strongly confirmed that there was no inclusion complexation in

one BXDSP5 molecule. To further confirm the host–guest interac-

tion, we used the model compound DMP5 and GM-CN to replace

host molecule BXDSP5 and guest molecule G-(CN)2, respectively,

which could effectively prevent the overlap between the signals of

the alkyl protons on BXDSP5 and G-(CN)2. A slow exchange pro-

cess emerged because of the host–guest complexation of DMP5

and GM-CN, and the alkyl proton signals of GM-CN in the presence

of DMP5 also displayed a considerable upfield shift (Fig. 2B), indi-

cating that GM-CN was included in pillararene cavity. For DMP5,

the observable downfield shifts of Hα and Hβ also confirmed the

complexation. The 1H NMR spectrum of BXDSP5 and G-(CN)2 also

suggested host–guest complexation (Fig. S26 in Supporting infor-

mation). In addition, weight-average diffusion coefficients (D) of

BXDSP5 and G-(CN)2⊂BXDSP5 were measured to be 1.15×10−9

and 8.05×10−10 m2/s, suggesting the formation of larger aggre-

gates (Fig. 2C). Besides, DLS measurements of BXDSP5, G-(CN)2,

and BXDSP5 with G-(CN)2 were also conducted in DMSO-H2O bi-

nary solution (v/v, 1:9) to explore the size distribution profile of

the formed aggregates. The mixture of BXDSP5 and G-(CN)2 at the

concentration of 0.02mmol/L showed average hydrodynamic diam-

eter values of 68.1 nm and 50.7 nm, respectively, while the mixed

solution of BXDSP5 and G-(CN)2 with a molar ratio of 2:1 pos-

sessed a mean diameter distribution centered at 91.3 nm, suggest-

ing the transformation from small aggregates to bulky supramolec-

ular polymers (Fig. 2D). Furthermore, fluorescence enhancement

of G-(CN)2⊂BXDSP5 was observed as compared with BXDSP5 (Fig.

2E), attributing to supramolecular assembly-induced emission en-

hancement [43] and proving the supramolecular assembly.

Moreover, the 2D ROESY NMR spectrum of G-(CN)2⊂BXDSP5

verified the inclusion complexation of BXDSP5 and G-(CN)2, re-

vealing that the cyanoalkyl units of G-(CN)2 were included in the

pillararene cavity and stabilized by multiple C-H�π interactions

and C-H�O interactions and the π-π stacking interactions of ad-

jacent host molecules (Fig. S27 in Supporting information). SEM

studies indicated that microspheres were formed in dilute DMSO-

H2O mixed solvents of both BXDSP5 and G-(CN)2, attributing to

the hydrophobic effect. The SEM image of G-(CN)2⊂BXDSP5 sug-

gested the structures of overlapped layers (Fig. S28C in Support-

ing information), reflecting morphology transformation to generate

cross-linked 2D networks.

To gain a deeper understanding of the host–guest interac-

tion mechanism of G-(CN)2⊂BXDSP5, the electrostatic surface po-

tential (ESP) maps, optimized structures, and frontier molecu-

lar orbitals (HOMO and LUMO) as well as energy gaps (�E)

of BXDSP5, G-(CN)2 and G-(CN)2⊂BXDSP5 were obtained. The

cyanobutoxyl moieties of G-(CN)2 show electron-deficient charac-

teristics, endowing them with a strong tendency to interact with

electron-rich species. Meanwhile, the electron-rich pillararene en-

tity of BXDSP5 largely favors the formation of host–guest com-

plexes (Fig. S29A in Supporting information). Furthermore, the pro-

posed binding mode was verified by the optimized structure of G-

(CN)2⊂BXDSP5 (Tables S3 in Supporting information). The HOMO

of BXDSP5 is uniformly located in the cavity, while its LUMO ex-

tends over the benzo[f]coumarin group. In contrast, the HOMO

of G-(CN)2⊂BXDSP5 lies on the side of the pillar [5] arene rings.

Moreover, the energy gap (�E) of G-(CN)2⊂BXDSP5 is smaller than

both that of BXDSP5 and G-(CN)2 (Fig. S29B in Supporting in-

formation), suggesting that the host–guest complexation between
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Fig. 2. (A) Partial spectrum of 2D ROESY spectrum (600MHz, CDCl3, 298K) of BXDSP5 (20mmol/L) with a mixing time of 200ms. (B) 1H NMR spectra (400MHz, CDCl3,

298K) of (i) DMP5 (10mmol/L), (ii) DMP5⊂GM-CN 1:1 mixture (10mmol/L) and (iii) GM-CN (10mmol/L). (C) 2D DOSY spectra (600MHz, CDCl3, 298K) of (a) 4mmol/L host

BXDSP5 and (b) supramolecular polymer G-(CN)2⊂BXDSP5 (4mmol/L, 1:2 mixture). (D) DLS profiles of BXDSP5 (0.02mmol/L), G-(CN)2 (0.02mmol/L), and G-(CN)2⊂BXDSP5

(0.02mmol/L) in a DMSO-H2O mixed solution (DMSO:H2O=1:9) at 298K. Inset: digital photograph presenting the Tyndall effect of supramolecular polymer. (E) Fluorescent

spectra of G-(CN)2, BXDSP5, and G-(CN)2⊂BXDSP5. Inset: photographs displaying the fluorescence changes of (a) G-(CN)2, (b) BXDSP5 and (c) G-(CN)2⊂BXDSP5 under a UV

lamp. (Experimental conditions: λex =365nm; slit widths: Ex. 5 nm, Em. 5nm; [BXDSP5]=40μmol/L, [G-(CN)2]=20μmol/L, and [G-(CN)2⊂BXDSP5]=20μmol/L G-(CN)2 with

40μmol/L BXDSP5 in DMSO-H2O (5:95, v/v) as solvent, 298K).

G-(CN)2 and BXDSP5 is highly favored by forming supramolecular

assemblies with more stable energy states [44].

To gain insight into the construction of the supramolecu-

lar polymer network and the self-assembly behavior in solution,

concentration-dependent 1H NMR spectra of G-(CN)2⊂BXDSP5

were performed over a concentration range of 1.0–90.0mmo/L (Fig.

3A). As the monomer concentration increased, the proton signals

of Hb, Hd, He, Hf, Hg, Hh and Hi of BXDSP5 underwent substan-

tial upfield shifts. Meanwhile, Ha and Hc experienced consider-

able downfield shifts, implying that intermolecular hydrogen bond-

ing and π-π interactions were involved in the supramolecular

polymerization. Meanwhile, the signals of H7, H9, and H10 of the

cyanoalkyl groups shifted upfield and were accompanied by down-

field shifts of the protons Hj and Hl from BXDSP5, indicating that

the host–guest interactions were enhanced during host–guest self-

assembly. In addition, all the signals broadened markedly at high

concentrations, which is characteristic of a supramolecular poly-

mer with high molecular weight [45]. On the other hand, the ab-

sorbance of G-(CN)2⊂BXDSP5 (20μmol/L) slightly decreased with

an elevated temperature (Fig. 3B), also indicating the existence of

hydrogen bonding owing to the temperature-dependent features

[46]. Wide-angle PXRD was tested to demonstrate the molecular

packing of G-(CN)2⊂BXDSP5 (Fig. S30 in Supporting information).

2D DOSY NMR experiments were conducted to probe the aggre-

gation of G-(CN)2⊂BXDSP5 during supramolecular polymerization.

The weight average diffusion coefficient (D) in CDCl3 solution de-

creased significantly from 11.10×10−10 m2/s to 6.99×10−11 m2/s

as G-(CN)2⊂BXDSP5 concentration increased from 1mmol/L to

90mmol/L (Fig. 3C), signifying a high degree of supramolecular

polymerization. Thus, the above experiments provide detailed in-

formation that the monomers assembled into an extended poly-

meric structure assisted by the synergetic effect of multiple non-

covalent interactions and highlight the concentration dependence

of supramolecular polymerization (Fig. 1).

Interestingly, the emission of this constructed supramolecular

polymer G-(CN)2⊂BXDSP5 at 440nm was extremely weak in pure

DMSO, but the fluorescence showed a sudden increase as the wa-

ter (poor solvent) fraction was higher than 80% (Figs. S31A and B in

Supporting information). Upon gradual increasing the H2O fraction

(over 80%) to DMSO containing BXDSP5 and G-(CN)2, a Tyndall ef-

fect was observed, suggesting supramolecular polymerization and

colloidal aggregation (Fig. S31C). These results indicate that the flu-

orescence emission of the supramolecular polymer could be cred-

ited to the well-established AIE mechanism. With the water con-

tent gradually increased, the degree of aggregation of supramolec-

ular polymers was greatly improved, which contributed to the re-

striction on the innate rotation of G-(CN)2⊂BXDSP5 by the collabo-

ration of multiple noncovalent interactions, causing the blockage of

nonradiative pathways and the promoted radiative channels. More

importantly, the fluorescence of G-(CN)2⊂BXDSP5 showed excel-

lent stability (Fig. S31D in Supporting information). Simultaneously,

the fluorescence quantum yield (Φ) and lifetime (τ ) of this AIE

supramolecular polymer were measured to be 14.11% and 3.56 ns,

respectively (Figs. S32A and S32B in Supporting information).

The luminescent responses of supramolecular polymer G-

(CN)2⊂BXDSP5 toward various cations, including Fe3+, Hg2+, Zn2+,
Pb2+, Cu2+, Cd2+, Ni2+, Co2+, Ca2+, Ag+, Mg2+, Cr3+, Ba2+,
Na+, K+ and Al3+, were investigated in DMSO-H2O mixed sol-

vents (1:9, v/v). Interestingly, among all tested metal ions added

to G-(CN)2⊂BXDSP5, only Fe3+ showed an obvious fluorescence

suppression, which could be observed clearly with naked eyes

when the sample solutions were irradiated under UV light of

365nm, indicating that the supramolecular polymer could effec-

tively detect Fe3+ with excellent selectivity (Fig. 4A). Furthermore,
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Fig. 3. (A) The partial 1H NMR spectra (CDCl3, 298K, 400MHz) of G-(CN)2⊂BXDSP5 at different concentrations (from bottom to top: 1, 4, 8, 15, 40, 60 and 90mmol/L.

Peaks of uncomplexed monomers and supramolecular complexes are designated as uc and c, respectively. (B) Absorbance spectra of G-(CN)2⊂BXDSP5 (20μmol/L) at dif-

ferent temperatures in DMSO-H2O (v/v=1/9) binary solution. (C) Concentration-dependent diffusion coefficient D (from 1H NMR spectroscopy 600MHz, CDCl3, 298K) of

G-(CN)2⊂BXDSP5 (1:2 mixture).

Fig. 4. (A) Fluorescence spectra for a mixture of G-(CN)2⊂BXDSP5 and various cations. Inset: Fluorescence images of G-(CN)2⊂BXDSP5 upon the addition of Fe3+ , Hg2+ ,
Zn2+ , Pb2+ , Cu2+ , Cd2+ , Ni2+ , Co2+ , Ca2+ , Ag+ , Mg2+ , Cr3+ , Ba2+ , Na+ , K+ and Al3+ (10 equiv.) excited at 365nm at room temperature. (B) Fluorescence response of G-

(CN)2⊂BXDSP5 in the presence of various cations and Fe3+ (10 equiv.) at room temperature. (C) Fluorescence spectra of G-(CN)2⊂BXDSP5 with increasing amounts of

Fe3+ . Inset: A plot of fluorescence intensity at 440nm versus concentrations of Fe3+ . (D) The linear relationship between the fluorescence intensity of G-(CN)2⊂BXDSP5

at 440nm and the concentration of Fe3+ (0–23.3 μmol/L) in DMSO-H2O binary solutions (Experimental conditions: λex =365nm; slit widths: Ex. 5 nm, Em. 5nm; 298K;

[G-(CN)2⊂BXDSP5]=20μmol/L; DMSO: H2O=1/9, v/v; correlation coefficient of 0.9931 (n=20)).
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G-(CN)2⊂BXDSP5 showed a pronouncedly lower quantum yield

(Φ) of 1.16% and fluorescence lifetime (τ ) of 1.75 ns after the in-

troduction of Fe3+, along with an obvious lower radiative decay

rate and higher non-radiative rate in comparison with individual

G-(CN)2⊂BXDSP5 (Figs. S33A and B, Table S4 in Supporting infor-

mation). Anti-interference performance is one important parameter

for sensing applications. To further explore the sensing selectivity

and efficiency of G-(CN)2⊂BXDSP5 toward Fe3+ over other cations,

competitive experiments were conducted where equal equivalents

of Fe3+ and other metal ions were added to the system. The

fluorescence selectivity was studied at the emission maxima of

440nm, and none of the competing metal ions showed obvious

interference toward the quenching effect of the materials toward

Fe3+ (Fig. 4B). This result further suggested that G-(CN)2⊂BXDSP5

possessed high selectivity for Fe3+ without being interfered with

by other competitive cations mentioned above.

Fluorescence titration experiments were performed to explore

the efficiency of G-(CN)2⊂BXDSP5 for detecting Fe3+. Fluorescence
of G-(CN)2⊂BXDSP5 continued to quench with the increase of

Fe3+ concentration (Fig. 4C), whereby fluorescence intensity in-

creased rapidly under low concentrations of Fe3+ and then grad-

ually reached a plateau. A good linear relationship between the

emission intensity and the amount of Fe3+ within a range between

3.33μmol/L and 23.33μmol/L was achieved (Fig. 4D), with the limit

of detection (LOD) calculated to be 3.0 μmol/L determined by the 3

δ/S method [47], endowing the supramolecular polymer with ap-

plication potential in Fe3+ detection. Furthermore, the binding con-

stant Ka between G-(CN)2⊂BXDSP5 and Fe3+ was determined to be

7.40×104 L/mol by a linear fitting curve obtained from the fluores-

cence titration experiments (Fig. S34 in Supporting information).

Reversible fluorescence can also be achieved after the response

toward Fe3+. Since F− is known to bind with Fe3+ ions to form

stable [FeF6]
3− coordination complexes [48], the fluorescence in-

tensity of the supramolecular polymer was successfully recovered

upon the introduction of F− (Fig. S35A in Supporting informa-

tion). The appearance of a slight redshift at emission maxima

was ascribed to the weak noncovalent interaction between tria-

zole groups and excess fluoride anion [49]. After further adding

Fe3+, the fluorescence intensity of G-(CN)2⊂BXDSP5 returned to

the quenched state, designating the adjustable stimulus-responsive

feature of the supramolecular polymer, and this switching could

be progressed at least three cycles with minor loss in fluorescence

efficiency (Fig. S35B in Supporting information).

We continued to study the quenching mechanism by Fe3+

toward the supramolecular polymer. First, UV-vis spectra of

Fe3+ and emission spectra of G-(CN)2⊂BXDSP5, where the ab-

sorbance of Fe3+ barely overlapped with the emission peak of

G-(CN)2⊂BXDSP5 (Fig. S36 in Supporting information), eliminat-

ing the possibility of dynamic quenching based on energy trans-

fer [50]. Hence, we envision some other dominant factors re-

sponsible for the fluorescence change. Fourier transform infrared

(FT-IR) spectroscopy, PXRD, SEM, and X-ray photoelectron spec-

troscopy (XPS) measurements were carried out. In the FT-IR spec-

tra of G-(CN)2⊂BXDSP5 before and after being treated with Fe3+,

the variation of stretching vibration absorption peaks of -C=O,

-NH, and C-S-C groups suggests the coordination of Fe3+ with

these motifs in G-(CN)2⊂BXDSP5, resulting in the formation of G-

(CN)2⊂BXDSP5@Fe3+ (Fig. S37A in Supporting information). More-

over, in the PXRD pattern of G-(CN)2⊂BXDSP5@Fe3+, the stacking

diffraction peak disappeared, indicating that π-π interactions were

destroyed. Intriguingly, after adding F− to G-(CN)2⊂BXDSP5@Fe3+,
the peak at 2θ =22.73° reappeared (Fig. S37B in Supporting in-

formation). These findings verified that F− can competitively bind

with Fe3+, and G-(CN)2⊂BXDSP5 was released. The SEM image of

G-(CN)2⊂BXDSP5 after adding Fe3+ possessed irregular morphol-

ogy distinct from the well-ordered three-dimensional microscale

cubic structure of G-(CN)2⊂BXDSP5 at the state of xerogel. Thus,

we consider that the intermolecular hydrogen bonds and π-π in-

teractions that contributed much to the network structure have

been destroyed due to the coordination by Fe3+. Synchronously,

upon further addition of F− to G-(CN)2⊂BXDSP5@Fe3+, the bulk

structure reappeared (Figs. S38A–C in Supporting information),

which is consistent with PXRD results. Furthermore, XPS spectra

of G-(CN)2⊂BXDSP5@Fe3+ showed a pronounced peak at 713 eV

due to Fe 2p contribution (Fig. S39A in Supporting information),

and the binding energy of Fe 2p (712.5 eV) was different from

the peak at 711.5 eV of ferric chloride [51], where the slight in-

crease of binding energy of Fe 2p was due to the formation of

Fe-O bond in metal coordination complex G-(CN)2⊂BXDSP5@Fe3+

(Fig. S39F in Supporting information) [52]. Meanwhile, the inten-

sity of O 1s at 532.8 eV declines dramatically, demonstrating the

change in oxygen-based species in the presence of Fe3+. The bind-

ing energy of 530.8 eV originating from the C=O�metal coordi-

nation appeared upon adding Fe3+, further verifying the coordi-

nation binding between carbonyl oxygens and Fe3+ (Fig. S39C in

Supporting information) [53]. Additionally, the binding energy in-

crease of N 1s and S 2p resulted from the formation of N�Fe

and S�Fe coordination (Fig. S39D and S39E in Supporting infor-

mation) [54–56]. In addition, Job’s plot suggested that BXDSP5

and Fe3+ formed a 1:1 complex (Fig. S40 in Supporting informa-

tion). The above results prove the metal coordination between G-

(CN)2⊂BXDSP5 and Fe3+, and the proposed complexation mode

of G-(CN)2⊂BXDSP5 with Fe3+ is given in Scheme S3 (Supporting

information).

The supramolecular polymer gel (G-(CN)2⊂BXDSP5-G) was ob-

tained at a phase-transition temperature of ca. 48–53 °C with

the monomers at a concentration of 210mmol/L in DMSO/CHCl3
(v/v=1/1). The solid-liquid balance (SLB) value of the resulting

G-(CN)2⊂BXDSP5-G was 0.33 (Fig. S41A in the Supporting informa-

tion), signifying that the solid behaviors dominated the gelation.

However, with the gradual addition of Fe3+ into the supramolec-

ular gel, the SLB value increased and exceeded the critical value

(0.5), which directly revealed the collapse of the supramolecu-

lar polymer gel [57]. This phenomenon further answers the Fe3+

recognition mechanism studied in the last section. Moreover, oscil-

latory sweep experiments were performed to obtain the rheolog-

ical properties. The result showed that the frequency dependence

of viscosity modulus G′′ and elastic modulus G′ of this supramolec-

ular material, where G′ was larger than G′′ in the given scan range

of frequency (Fig. S41B in Supporting information), indicating the

stable gel state.

In the subsequent study concerning the stimuli-responsive

properties of the gel, the reversible thermo- and mechanical

force-induced gel-sol transitions of the polymer were visualized

macroscopically (Fig. S42 in Supporting information). These desir-

able transformations can be explained by the fact that the dy-

namic host–guest interaction and hydrogen bonding within the

supramolecular polymer networks are vulnerable to heating and

vibrating, thus causing the decomplexation of the host–guest com-

plexes and the destruction of the intermolecular hydrogen bond-

ing interactions, leading to the disassembly of G-(CN)2⊂BXDSP5-

G. However, G-(CN)2⊂BXDSP5-G also exhibited irreversible respon-

siveness toward the competitive guest, adiponitrile, since intro-

ducing adiponitrile into the solution of G-(CN)2⊂BXDSP5 would

cause the de-threading of G-(CN)2 from the cavity of BXDSP5.

Temperature-variant 1H-NMR experiments of G-(CN)2⊂BXDSP5

were performed to study the temperature-dependence of the

supramolecular polymer gel (Fig. S43 in Supporting information),

which proved that the host–guest complexation and intermolecular

hydrogen bonding interactions were weakened as the temperature

was raised. The above results suggested that G-(CN)2⊂BXDSP5-

5
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G possessed reversible gelation behaviors and favorable stimuli-

responsive properties.

To examine the practical application potential of the fluorescent

supramolecular polymer network G-(CN)2⊂BXDSP5, a thin film of

G-(CN)2⊂BXDSP5 was prepared and utilized in visually detecting

Fe3+. As Fe3+ was used to write on the thin film, patterns due to

the fluorescence quenching were observed under a UV lamp. Fur-

thermore, fluorescence can be effectively regenerated as F− was

added. These results indicate that the G-(CN)2⊂BXDSP5-based thin

film could serve as a rewritable fluorescent material to detect Fe3+

(Fig. S44 in Supporting information).

In addition, the application of adsorbing Fe3+ from water by

applying xerogel of G-(CN)2⊂BXDSP5-based absorbent was also

investigated, which displayed a remarkable Fe3+ adsorption effi-

ciency of over 95% (Table S5 in Supporting information). Therefore,

apart from fluorescent detection, this supramolecular polymer ma-

terial also could effectively remove Fe3+ from water.

In this study, we have successfully designed and constructed a

new supramolecular polymer network (G-(CN)2⊂BXDSP5) based on

the benzo[f]coumarin derivative-functionalized pillararene, which

was associated with multiple non-covalent interactions including

π-π stacking, hydrogen bonding, and host–guest interaction. The

supramolecular polymer network showed excellent AIE properties

with high photostability and quantum yields and sensing ability

of Fe3+ with specific selectivity based on the strong complexa-

tion between Fe3+ and the host. Additionally, the supramolecular

polymer could be further transformed into supramolecular gel un-

der appropriate conditions, which displayed reversible sol-gel tran-

sitions initiated by different stimuli. Practical applications involv-

ing rewritable visual detection via thin films and effective adsorp-

tion of Fe3+ have also been realized. Considering the remarkable

AIE property and exceptional sensing capability of the supramolec-

ular polymer, the present study not only expands the scope of

AIE supramolecular polymers but also provides a novel and sim-

ple strategy to fabricate stimuli-responsive supramolecular poly-

mer materials for the detection and adsorption of metal ions for

environmental applications.
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