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a b s t r a c t

The research in fluorescent organic nanoparticles (FONs) with aggregation-induced emission (AIE)
feature shows an upward trend due to their outstanding optical properties and potential biomedical
applications. In this work, a novel strategy has been developed for the first time through a catalyst-free
azide-alkyne click reaction, which could directly conjugate azide containing polymers (PEGMA-AGE-N3)
and alkyne terminating AIE dye (named as PhE-OE) under mild experimental conditions. The final
PEGMA-AGE-PhE copolymers containing AIE-active dye could self-assemble into FONs with intense
fluorescence owing to their AIE feature. These PEGMA-AGE-PhE FONs were characterized by a series of
characterization techniques in details. The cell viability as well as cell uptake behavior of PEGMA-AGE-
PhE FONs was also examined to evaluate their potential for biomedical applications. We demonstrated
that the catalyst-free azide-alkyne click reaction is effective for fabrication of AIE-active FONs and these
AIE-active FONs showed high water dispersity and AIE feature. Moreover, the PEGMA-AGE-PhE FONs also
exhibited low cytotoxicity and great potential for biological imaging. Taken together, a facile catalyst-free
azide-alkyne click reaction with high efficiency has been developed for the preparation of AIE-active
FONs, which showed excellent physicochemical properties for biological imaging applications.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

In the past decades, bioprobes based on fluorescent nano-
particles have drawn increasing attentions on account of their wide
biomedical applications and potential of medical treatment [1e3].
Cellular fluorescence imaging based on bioprobes is expected to
detect complicated cellular process and has been advanced labeling
technology to apply in medical diagnosis, drug development and
clinical study [4]. Numerous fluorescent nanoparticles are reported
and extensively investigated over the past decades, which include

semiconductor quantum dots, green fluorescent proteins, fluores-
cent organic nanoparticles (FONs) and other inorganic fluorescent
nanomaterials [5e8]. Aforementioned nanoparticles have been
constructed to meet the demands of biomedical applications. Un-
fortunately, some obvious shortcomings were still existed in these
nanoparticles and impeded their progress in diagnostics and bio-
logical imaging. For example, though semiconductor quantum dots
and other inorganic fluorescent nanomaterials possess excellent
features such as strong luminescence and great photostability, they
suffer from poor biodegradability, long-term accumulation and
toxicity to living organisms [9,10]. The development of green
fluorescent protein is restricted because of high cost, terrible pho-
tostability and complex transfection process [11]. FONs are mainly
formed from the self-assembly of dye containing amphipihlic co-
polymers that have receiving more and more research attention for
biomedical applications for their remarkable characteristics, such
as flexible synthetic approaches, well designability structure and
properties, multifunctional potential, better biodegradability and
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biocompatibility [12e14]. Nevertheless, FONs based on typical
organic dyes are still encountered some problems for fluorescent
imaging on account of the aggregation caused quenching (ACQ)
effect, which will result in obvious fluorescence decrease when
these fluorescence organic molecules were encapsulated and
aggregated in FONs [15]. Therefore, it is highly desirable to find
novel fluorescence organic compounds that could overcome the
ACQ effect of conventional organic dyes.

Aggregation-induced emission (AIE) is an interest and abnormal
fluorescence phenomenon that is exactly opposite to the ACQ ef-
fect. It has been demonstrated that the AIE-active molecules will
emit enhanced fluorescence in aggregated state but non-
fluorescence or weak fluorescence in dispersed state [16e18].
Since the first define AIE by Tang and co-workers in 2001, many
types of AIE-active molecules (such as siloles, cyano-substituted
diarylethene, tetraphenylethene, distyrylanthracene derivatives)
with different chemical structure and functional groups have been
synthesized and exploited for different applications [19e25].
Especially, these AIE-active dyes can be utilized for construction of
AIE-active fluorescent probes to effectively overcome the ACQ ef-
fect of FONs and endow their great potential for various biomedical
applications [26e35]. The basic role for the construction of AIE-
active FONs is encapsulation of hydrophobic AIE-active molecules
into the amphiphilies [36]. Over the past few years, many strategies
have been developed for the construction of AIE-active FONs
[37e43]. However, most of these AIE-active FONs are formed
through the self-assembly of AIE-active molecules containing
amphiphilies, which are unstable in dilute solution below the
critical micelle concentration (CMC). Therefore, the introduction of
linkage into these AIE-active FONs is important for their practical
biological applications [44,45]. Click chemistry is a useful, atom
economic and high efficient organic reaction that has been exten-
sively used for synthesis of functional polymers [46e50]. On the
other hand, the typical azide-alkyne click reaction requires the
metal ions as catalysts, which are toxic to living organisms and
should be first removed from the resultant products. To the best of
our knowledge, the synthesis of cross-linked AIE-active FONs
through the catalyst-free click chemistry has been demonstrated
thus far.

In this contribution, we report a convenient strategy to fabricate

cross-linked PEGMA-AGE-PhE FONs via a catalyst-free azide-alkyne
click reaction (Scheme 1) [51,52]. The PEGMA-AGE-PhE FONs were
characterized by nuclear magnetic resonance (NMR) spectroscopy,
fourier transform infrared (FT-IR) spectroscopy, UVeVis absorption
spectroscopy, fluorescent spectroscopy and transmission electron
microscopy (TEM). The PEGMA-AGE-PhE FONs possess high water
dispersity, excellent biocompatibility, low toxicity, strong fluores-
cence. Meanwhile, PEGMA-AGE-PhE FONs can be internalized by
cells and show great potential for biological imaging.

2. Experimental procedures

2.1. Material and characterization

Allyl glycidyl ether, 2,20-azobis(2-methylpionitrile), ethyl ace-
tate, sodium azide, ammonium chloride, poly(ethylene glycol)
methyl ether methacrylate (MW ¼ 950 Da), benzyl dieth-
yldithiocarbamate and N,N-dimethylformamide (DMF) were pur-
chased from Aladdin (Shanghai, China) and were used directly
without any further purification. The AIEgen PhE-OE was synthe-
sized and characterized according to our group previous report
[53]. All other agents and solvents were purchased from commer-
cial sources and used directly without further purification. 1H NMR
spectra were measured on a Bruker Avance-400 spectrometer with
D2O and CDCl3 as the solvents. The synthetic polymers and mate-
rials were characterized by FT-IR spectroscopy using KBr pellets.
The FT-IR spectra were supplied from Nicolet5700 (Thermo Nicolet
corporation). TEM images were recorded on a Hitachi 7650B mi-
croscope operated at 80 kV, the TEM specimens were got by putting
a drop of the nanoparticle ethanol suspension on a carbon-coated
copper grid. The fluorescence data were obtained from the Fluo-
rescence Spectrophotometer (FSP, model: C11367-11), which pur-
chased from Hamamatsu (Japan).

2.2. Preparation of PEGMA-AGE via RAFT polymerization

A typical reversible addition fragmentation chain transfer
(RAFT) polymerization procedure is as follows. The chain transfer
agent (CTA) benzyl diethyldithiocarbamate was synthesis and
characterized based on our previous report [54]. AGE (570 mg,

Scheme 1. Synthetic routes for the synthesis of PEGMA-AGE-N3 and PEGMA-AGE-PhE through a catalyst-free azide-alkyne click reaction.
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