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Table 1 Typical polymerization reactions toward AIE polymers(3% 32-44]
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Fig. 3 Chemical structures of AIE polymers
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Fig. 4 Synthetic routes to (a) PMAh and (b) PVAc; (c) The PL spectra of PMAh and PVAc in THF; (d) The PL spectra

of PMAh and MAh in NMP/THF mixture (19:1, V/V)

Optimized conformations of PMAh with dihedral angles of around (c) —67° and (e) +163°, respectively (The nearest
distance between the nearest conjugated groups was 0.31 and 0.50 nm, respectively. The energy of the first conformation
was 51.83 kJ/mol lower than the second one.) (Reprinted with permission from Ref.[60]; Copyright (2013) American

Chemical Society)
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Fig. 5 (A) Synthetic routes to TPE-containing polymers; (B) Illustration of detection of multi-nitro group-containing

compound by the films of TPE-containing polymers

PA = picric acid; TNT = trinitrotoluene; DNT = dinitrololuene; NT = nitrotoluene (Reprinted with permission from

Ref.[65]; Copyright (2016) The Royal Society of Chemistry)
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Fig. 6 (a) Sypnthetic route to ionic conjugated polytriazole and (b) The change of the relative PL intensity of polymer upon
addition of metal cations into the DMSO/water mixture with a water fraction (fw) of 5% (The online version is colorful.)
Inset: the PL spectra of polymer containing different metal cations in the DMSO/water mixture with fw = 5%. (Reprinted with
permission from Ref.[67]; Copyright (2016) The Royal Society of Chemistry)
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Fig.7 (A) Synthetic route to hyperbranched AIE probe I; (B) Relative emission intensity of probe I in THF/water mixtures
with different water fractions; (C) The Formation of breath figure: (a) Schematic of breath-figure formation, (b)
representative SEM images of the ordered porous probe I film formed by breath figures, (c) Schematic illustration of the
formation of breath figures, (d) Fluorescence microscopy images taken during the breath-figure formation corresponding to
steps 1—4 (The inset in step 4 shows an enlarged ordered clover like fluorescent pattern (yellow arrow); Scale bar: 3 um),
(e) Representative progressing frames showing macroscopic evolution of emission signal during steps 1-4 of the breath-
figure formation process (The online version is colorful.) (Reprinted with permission from Ref.[68]; copyright (2014) John
Wiley and Sons)
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Fig. 8 (A) Chemical structure of TPE functionalized chitosan (TPE-CS); (B) Fluorescent images of the HeLa cells
stained by the aggregates of the TPE-CS bioconjugate at different passages; (C) Fluorescent images of (a — ¢) TPE-
CS and (d — f) FITC functionalized chitosan bioconjugates with degrees of labeling (mol%) of (a) 0.83, (b) 2.77,
(c) 7.86, (d) 0.09, (e) 0.11, and (f) 0.52 (The photographs were taken under UV illumination (365 nm).) (Reprinted
with permission from Ref.[71]; Copyright (2013) American Chemical Society)
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Fig. 9 (A) Chemical structure of the probe of PLL-g-PEG/DPA/TPS/PheA; (B) Schematic illustration of
the pH-activatable probe; (C) Schematic representation of the probe used for self-tracking, cancer cell
imaging, phototoxicity restoration in the acidic lysosome, and in situ monitoring of lysosomal membrane
disruption as an indicator of therapeutic response and cell death prediction (Reprinted with permission from
Ref. [72]; Copyright (2015) John Wiley and Sons)
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Polymers with Aggregation-induced Emission Characteristics

Rong Hu!, De-hua Xin!, An-jun Qin'*, Ben Zhong Tang'-?*
('State Key Laboratory of Luminescent Materials and Devices, South China University of Technology, Guangzhou 510640)
(®Department of Chemistry, Hong Kong Branch of Chinese National Engineering Research Center for Tissue Resto-ration and
Reconstruction, The Hong Kong University of Science & Technology, Hong Kong)

Abstract Organic luminescent materials have played important roles in optoelectronic device, chemo-/biosensing,
and biomedical applications. However, traditional luminescent materials always suffer from the aggregation-caused
quenching (ACQ) effect: they are highly emissive in dilute solutions but their emission becomes weaker or totally
quenched in the practical application forms, i.e. the aggregate, film and solid states. The ACQ effect has greatly
limited the applications of these luminescent materials in many fields. Exactly opposite to the ACQ, the aggregation-
induced emission (AIE) can actively utilize the natural aggregation process of a molecule to provide intense
emission in the aggregate and solid states. In the AIE area, the research is focusing on the low mass molecules, and
the polymers have been paid less attention although they possess the unique properties such as good film-forming
ability, amplification effect of the signals, and multiple functionalization, which facilitates their practical
applications. In this review, we first accounted the used polymerizations for the construction of AIE polymers, such
as polycouplings, radical polymerization, and click polymerizations. Next, we discussed the structure-property
relationship of the AIE polymers based on the systematically investigation of the effect of substituent groups, the
link of TPE and fluorene groups on the triazole rings, the attachment of TPE-diethynyl groups on phenyl rings with
o, m, and p-positions, and the side-chains on their photo-physical properties. Moreover, the interesting non-
conjugated AIE polymers without aromatic rings were also discussed and cluster oluminescence was proposed as
the cause for this unique emission. Finally, the applications of the AIE polymers in chemo- and biosensors, and
tracing were reviewed and the advantages of AIE polymers over AIE low-mass molecules were also emphasized. It
is expected that this review could serve as a trigger for future innovation in the AIE research area.

Keywords Aggregation-induced emission, Polymer, Polymerization methodology, Structure-property
relationship, High-tech application
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