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Abstract; Stimulus-responsive hydrogels, which can undergo physical and/or chemical changes in
response to the minor variations in the environment, are widely applied in the fields of drug delivery,
bioseparation, biosensors and tissue engineering. However, due to the aggregation-caused quenching
(ACQ) of fluorescence, their applications in luminescence-related fields are extremely limited. For-
tunately, aggregation-induced emission( AIE) phenomena perfectly resolved the problem. By incor-
porating fluorophores with ATE feature into hydrogels, stimuli-responsive AlE-active hydrogels can
be obtained. And they have cut a figure in several high-tech fields including biomedical, information
anti-counterfeiting, 3D hydrogel actuators and soft robots. In this article, we summarized and classi-
fied the recently reported stimuli-responsive AIE-active hydrogels into three categories: those are re-
sponsive to physical ( temperature and light) , chemical (pH, solvent and ion type) and biological
(enzyme) stimulus. The preparation, responsive mechanism and applications of these stimuli-re-

sponsive AlE-active hydrogels were described respectively. And finally, the problems and challenges
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faced by stimuli-responsive AIE-active hydrogels are also prospected.

Key words: stimuli-responsive hydrogels; aggregation-induced emission; information anti-counterfeiting; soft robots ;

drug delivery
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healing of the hydrogel formed by polymer C with PEO,,DH or DTDPH cross-linking: ( 1 )hydrogels in natural light and

365 nm UV light,
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(a) Preparation of Eu-PAAD hydrogel via Eu’* complexation. (b) Fluorescence spectra of PAAD and Eu-PAAD hydro-
gels. Inset photos were taken under 365 nm UV light. (c¢)The proposed multistate fluorescence switching mechanism of
Eu-PAAD hydrogel at different temperatures. (d)3D anticounterfeiting platform for on-demand decryption, which was
prepared by folding 2D information carrier into 3D shape by hands and then immersed into Eu’* solutions to fix such 3D
structures. Different information would appear at 15 °C (nothing) , 40 C (“K”), and 70 °C (“#f”). But the whole

information( “#4”) cannot be encoded unless EDTA is used to induce shape recovery from 3D to 2D
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Fig.3

(a) Chemical structure of TVPA. (b)PL spectra of TVPA in water(10 pwmol -+ L"), viscous glycerol( 10 wmol « L"),
and the solid state. Inset: the corresponding fluorescent photographs and quantum yield( QY ) of TVPA. (c¢)Schematic
illustration of design principle of hydrophilicity-hydrophobicity transformation in aqueous medium. TVPA was incorpor-
ated into the crosslinked NIPAM polymer network by free radical polymerization of NIPAM, TVPA, PDMA macromono-
mer, and MBA crosslinker. The collapse of the resulting PNIPAM network is induced above its transition temperature
(T,) and the emission of the incorporated TVPA is expected to be enhanced and blue-shifted in the crowded and hydro-
phobic PNIPAM domains. Three hydrogels were prepared with different weight fractions of NIPAM and PDMA. (d)PL
spectra of TVPA-incorporated GND hydrogels at 20 C and 60 °C in water(A_ =380 nm). Inset: fluorescent photos of
GND hydrogels at 20 C and 60 °C taken under 365 nm UV light. Fluorescent image of GN3D3 thermoresponsive hydro-

gel by fluorescent microscopy: (e)in the preparation state, (f)after immersing in water at 60 °C '
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(a) Chemical structures of Py-CN-MBE and PAA

Fig. 4
molecules. (' b) Strategy of photoisomerizaton-
induced fluorescence switching in polymer. (c)Pho-
to images of the transparent gel(left) in ethanol and
photo images of the photoinduced solution ( right )

under room light and UV 1ight:m.
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Fig.5 (a)Chemical structure of BTTPA molecule. (b) Proposed illustration of the self-assembly behaviors of BTTPA in G-gel
and B-gel. (c) Photographs of G-gel before and after UV irradiation. (d) Fluorescence spectra( A, = 345 nm). (e)UV-
Vis absorption spectra. () Photographs of a photoinduced confidentiality pattern made from G-gel( at the corner) and B-

gel(in the center) ™.
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Fig.6  (a)Chemical structure of d-TPE and assembly diagram of core/shell hydrogel nanoparticles. (b) Fluorescence color and PL

spectra of the hydrogel nanoparticle aqueous solution at different pH values(5.0, 6.0, 7.0, 7.4). Confocal fluorescence ima-

ges of dissected normal tissue(c) and tumor tissue(d) of tumor-bearing mice sacrificed at 2 d post injection'™’ .
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B 0 AL A 7K B I 3K 5 25 230 6 R R ) 25 5 AL P (1 SR, R ORI ), pH =3, 120

Fig. 7 (a)Schematic illustration of simultaneous changes in fluorescent color and brightness and shape of a AIE bilayer hydrogel actu-

20 min 60min 120 min 240 min 360 min 480 min 600 min 780 min

ator and the mechanism involved. (b)Simultaneous emission change and complex shape deformation of hydrogel actuator( Pho-
tographs were taken under 365 nm UV illumination. The upper line is flat view and the lower line is plane view), pH =

3,120,
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Fig. 8

(a) Chemical structure of Chol-CN-Py. (b) Dynamic fluorescence intensity of the Chol-CNPy gel in DMSO undergoing

gelation at 485 nm. Inset: the hot solution and gel fluorescence spectra( A, =410 nm) and fluorescence image under UV

light. (c¢)CPL spectra of the Chol-CN-Py gel(A, =370 nm). (d) SEM image of xerogel. (e)Normalized fluorescence

spectra of xerogel films treated with different concentrations of TFA at 298 K for 10 s(A_ =410 nm). (f)CPL spectra

upon protonation( A, =370 nm). (g)g,,. of xerogel films upon protonation. (h) Multi-color CPL upon exposure of the

xerogel films to different amount of TFA ™",
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Fig.9 (a)Schematic illustration of the synergistic shape and fluorescence color changes of the bilayer glycol VCDs polymer gel/
3M VHB actuator in water and the involved mechanism. (b)Chemical structure of the VCDs polymer gel and schematic
representation of the reversible two-switch-mode fluorescence (blue dispersed fluorescence and red AIE). (c)Schemes
representing the simultaneous blooming and blue-to-red color change process of Hydrangea Bush, as well as the corre-
sponding photos of polymer gel-based artificial Hydrangea Bush that display simultaneous blooming and color-changing
behaviors. Photos were taken under 365 nm UV illumination(8 W). (d) — (e)Photos and schemes showing the syner-
gistic shape/color change and directional swimming locomotion of the VCDs polymer gel-based artificial octopus-like soft

robot' ',
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Fig. 10

(a)Chemical structures of M and Q and the proposed assembly and recognition mechanism of the MQ-G. (b) Photo-

graphs of the MQ solutions containing different water contents under the UV lamp(A_ =365 nm). Fluorescent and nat-

ural light responses of the bi-component hydrogel MQ-G upon adding of various cations(c¢) and the metal hydrogel MQ-

G +Fe’" upon adding of various anions(d). (e)Photos of the MQ-G based thin film fluorescently detect Fe’

* in aque-

ous solution. (f)Photos of the MQ-G + Fe’* based metal thin film fluorescently detect H,PO, in aqueous solution, il-

luminated at 365 nm'*’.
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