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A novel strategy based on the combination of RAFT polymerization and post-polymerization has been

developed for the synthesis of fluorescent polymeric nanoparticles with ESIPT feature
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Abstract

In recent years, florescent polymeric nanoparti¢leBNs) containing aggregation-induced emission
(AIE) fluorogens have received great intentiontfair potential applications in biological imagiagd
theranostic nanomedicine. Herein, we have developkédactive FPNs through a combination of
reversible addition-fragmentation chain transferAf) polymerization and post-polymerization
modification strategies. The salicylaldehyde (Sétaining zwitterionic copolymers are fabricated vi
RAFT polymerization and further modified by benzepbne hydrazone (BPH) via Schiff base
reaction. The obtained AlE-active amphiphilic copoérs BPH-poly(FHMAeo-MPC) can
self-assemble in aqueous solution with the hydrbmhfluorogens aggregating together to form the
core and the hydrophilic chains to form the protectshell. BPH-poly(FHMAeo-MPC) and the
resulting FPNs are characterized Y nuclear magnetic resonance spectroscopy, Fotreiasform
infrared spectroscopy, transmission electron mampyg and fluorescence spectroscopy. Results
demonstrate that BPH-poly(FHM£e-MPC) are successfully synthesized and as-prepared
BPH-poly(FHMA-co-MPC) FPNs exhibit desirable morphology and sizeodj dispersibility, high
brightness, remarkable photostability and largek&oshifts. More importantly, through cytotoxicity
test and cell uptake behavior, these BPH-poly(FH80AVIPC) FPNs show low toxicity and excellent
cell dyeing behavior. Taken together, we have dmead a facile and effective method for the

fabrication of AlE-active FPNs, which display grgatential for biomedical applications.

Key words: Aggregation-induced emission, post-polymerizatitunorescent polymeric nanoparticles,

biological imaging



1 Introduction

Luminescent nanomaterials have attracted greattatteof scientific community because of their
widespread applications in optics, electronics, mgnsystems, biotechnology, etc.[1, 2] Among them,
the development of fluorescent polymeric nanoplegiqFPNs) has aroused tremendous scientific
interests because fluorescence techniques areytsghkitive and easy to operate.[3, 4] Unfortupatel
most of the traditional organic molecules possé®sg emission in their solution state but very kvea
even non emission at high concentrations or inabgregated states. Such quenching of emission
intensity could be attributed to notorious aggregetaused quenching (ACQ) effect, which is an
intractable problem for lots of practical appliceis such as optoelectronic devices and biomedical
research.[5] Therefore, The ACQ effect has becorege obstacle, which impels researchers to seek
anti-ACQ materials with higher luminescence effiig in the aggregated state than in the dissolved
state. In 2001, Tang and co-workers discovered ramsual anti-ACQ photophysical phenomenon
which is known as aggregation-induced emission JABF Subsequently, AlE-active materials
stimulate intense research interest owing to theddmental importance and promising practical
applications, and the mechanisms and technologipplications of AIE materials are unceasingly
developed and perfected.[1, 7, 8] For instancetricisen of intramolecular motions (RIM) as the
mechanism behind AIE has been generally accepted, various practical applications of AlE
materials including optoelectronic devices, biotadichemical sensors, biological imaging and
theranostics have been exploited.[9-16]

In particular, the construction of FPNs based oB-Attive dyes through both physical and chemical
methods has made remarkable achievements.[17-20irsAt a class of biocompatible amphiphilic
commercialized or synthesized block copolymers wiitzed to construct AlE-active FPNs with good
water dispersibility for various biomedical appticas through a physical encapsulation strategy.[21
22] On the other hand, a series of more robustvamsiatile chemical processes were employed for
fabrication of AlE-active FPNs. These fall into tweategories: (1) Polymerizable AlE-active dyes
directly incorporate into polymers for fabricatiohFNPs via different polymerization methods sush a
emulsion polymerization, reversible addition fragmation chain transfer (RAFT) polymerization, and
ring-opening polymerization;[23-26] (2) Functiorzd AIE molecules conjugated with biocompatible
macromolecules (natural carbohydrate polymers gnthstic polymers) for construction of FPNs via
multifarious chemical reactions such as Schiff besedensation and multicomponent reaction.[13,
27-30] Despite many impressive advances in corstrucmethodologies for the fabrication of
AlE-active FNPs, more facile preparation strategiesstill highly desirable.

Post-polymerization means is a useful methodology the functionalization of polymers and



endowing their new properties for wide ranging &stlons.[31-34] The backbone of copolymers
contains a moiety with latent reactivity, which da@ functionalized directly by the functional group
precursor.[35] In addition, Schiff base compoundsendrawn extensive research attention and have
been widely put into use in the fields of medicinatalysis, analytical chemistry, etc.[36, 37] Dae
enjoying the advantages of mild reaction conditiand high reaction rates, the Schiff base readtion
used for protecting various functional groups amhtlsesizing a series of organic ligands.[38]
Moreover, the Schiff base ligands are derived eydbndensation of aldehyde/ketone with a primary
amine, which plays a vital role in human welfar@d®rn coordination and medicinal chemistry.[39]
More importantly, integration of post-polymerizatimethods and Schiff base reaction, which can offer
a rather straightforward synthesis method and heaabdified structures to fabricate some functional
polymers.

In this contribution, the existing strategy for flation of AlE-active FPNs based on RAFT
polymerization and post-polymerization modificatiamas used to prepare salicylaldehyde (SA)
containing zwitterionic copolymers were synthesizé RAFT polymerization followed by reaction
with benzophenone hydrazone (BPH) by a Schiff basaction Scheme 1). Thus obtained
BPH-poly(FHMA-co-MPC) copolymers tend to form nanoparticles in agisesolution as a result of
their amphiphilic structure. Furthermore, the dtnue features, photophysics properties and
microscopic morphological characteristics of BPHyfleHMA-co-MPC) FPNs were determined by a
variety of characterization means. The cell cytaitx and cell uptake behavior of thus obtained
BPH-poly(FHMA-co-MPC) FPNs were further determined to evaluater thetential for cell imaging

applications.
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Scheme 1 Schematic illustration of the preparation procedafeBPH-poly(FHMA-co-MPC). (A)
Synthetic route to BPH, (I) hydrazine monohydr&@,°C, 24 h; (B) Synthetic route to FHMA, (ll)
(CHO),, rt, 24 h, (lll) methacrylic acid, 50 °C, 24 h;)(8ynthetic route to BPH-poly(FHM&e-MPC),
(IV) CTA, 70°C, 12 h, (V) BPH, 70 °C, 4 h.

2 Experimental sections
2.1 Materialsand instruments

Benzophenone (BRIw: 182.22 Da, 99%), salicylaldehyde (Aw: 122.12 Da, 99%), methacrylic
acid Mw: 86.09 Da, 99%) and absolute N,N-dimethylformamiBMF) were purchased from Heowns
Biochemical Technology Co., Ltd. (Tianjin, Chinalparaformaldehyde Mw: 30.03, AR) and
2,2'-azobis(2-methylpropionitrile) (AIBNMw: 164.21 Da, 98%) were supplied by Aladdin Reagent
Co., Ltd. (Shanghai, China). 2-Methacryloyloxyetpylosphorylcholine (MPQylw: 295.27 Da, 96%)
was purchased from Joy-Nature Science and Techymdbmyelopment Institute. (Nanjing, China).
Hydrazine monohydratév{w: 32.05 Da, 99%) was supplied by TCI (Shanghayddgment Co., Ltd.
Other chemicals not mentioned here were of analyticade, and were used as received. Deionized

water was used in throughout the experiments. THwinc transfer agent (CTA) of



4-cyano-4-(ethylthiocarbonothioylthio) pentanoiédawas synthesized by the literature methods.[40]

'H nuclear magnetic resonance (NMR) spectra wererded on a Bruker Avance-400 spectrometer
with tetramethylsilane (TMS) as the internal staddand CDCJ or d-DMSO as solvents. The Fourier
transform infrared (FT-IR) spectra were obtained antransmission mode on a Nicolet 5700
spectrometer (Thermo Nicolet Corporation), usingvgered samples diluted in KBr pellets. The
micromorphology of poly(FHMAeco-MPC) FPNs was investigated using a Hitachi 765@Bgmission
electron microscopy (TEM) operating at 80 kV. Tlaenple for TEM measurements was prepared by
dropping the solution onto a carbon-coated coppigl. §he particle size of poly(FHMA&e-MPC)
FPNs was taken on a Zeta potential analyzer (MaJvetasizer nano zs90). UV-visible absorption
spectra were recorded on the UV spectrometer (TLB,1Bersee) using quartz cuvettes of 1 cm path
length. Fluorescence spectra were tested by ahiliEad500 spectrophotometer with a slit width of 10
nm for both excitation and emission. The criticat@lle concentration (CMC) was determined by the
tangent method, in which ten different concentrai®PH-poly(FHMA€eo-MPC) FPNs (0.5, 0.4, 0.3,
0.25, 0.15, 0.1, 0.05, 0.01, 0.001, 0.0001 mg“mkere prepared for scanning fluorescent spedbe (t
fluorescent excitation wavelength and emission Jemgth were set as 405 nm and 546 nm,
respectively.).

2.2 Synthesis of benzophenone hydrazone (BPH)

BPH was synthesized via Schiff base reaction. B@ ¢2 11.1 mmol) was dissolved in ethanol (80
mL) at 40 °C, followed by addition of excess hyinazmonohydrate (3.6 mL). Adding one drop of
aceticacid as a catalyst before the mixture wasedtiand refluxed for 24 h. After cooling to room
temperature, the crude product was concentratedreemddissolved in ethyl acetate. The product was
purified by washing the solution with deionized ®rathrice. After the organic solvent was evaporated
under reduced pressure, white power of BPH wasireatan 91% yield'H NMR (400 MHz, CDC})

5 (ppm): §7.53-7.24 (10H, aromatic ring), 5.41 (s, 2H, -NHHR-MS (ESI) calculated for GH13N,"
(M+H)* 197.1073, found 197.1079. Elemental analysis tated (%) for GsH.N, : C 79.56, H 6.16,
N 14.27, found C 78.52, H 6.40, N 14.12.

2.3 Synthesis of 3-for myl-4-hydroxybenzyl methacrylate (FHMA)

CMSA as intermediate product was prepared accorttingrevious literature.[41] In addition, the
typical experimental process for the synthesis MR as following: mixture of methacrylic acid
(1.72 g, 0.02 mol), NaOH (0.8 g, 0.02 mol) and d&ed water (30 mL) in a 100 mL reaction bottle
and the mixture were stirred at room temperaturé8@min. Subsequently, CMSA (3.41 g, 0.02 mol),
Kl (1.0 g, 0.002 mol) and toluene (5 mL) were addamd the solution stirred at 50 °C for 24 h. After

cooling to room temperature, the mixture was ex¢icevith ethyl acetate (20 mL x 3), and the organic



extract was dried over anhydrous,N@). After filtration, the solvent was removed by ugia rotary
evaporator. The product was purified by silica gelumn chromatography with ethyl acetate:
petroleum ether (v: v, 1 : 10) to give FHMA as aiterftrystal. Yield: 68%'H NMR (400 MHz, CDCJ)

d (ppm): 6 11.05 (s, 1H, OH), 9.91 (s, 1H, CHO), 7.61-7.5H,(2aromatic ring), 7.00 (1H, aromatic
ring), 6.14 (s, 1H, trans-G} 5.60 (s, 1H, cis-C§), 5.16 (s, 2H, COOC}), 1.96 (s, 3H, CEC=CH,).
HR-MS (ESI) calculated for H;04 (M-H)™ 219.0663, found 219.0660. Elemental analysis
calculated (%) for GH1,0,: C 65.45, H 5.49, O 29.06, found C 62.57, H 5@%0.90.

2.4 Synthesis of BPH-poly(FHM A-co-M PC)

The BPH-poly(FHMAeo-MPC) was prepared by combining RAFT polymerizatiand
post-polymerization method. Specifically, FHMA (141, 0.5 mmol), MPC (295 mg, 1.0 mmol), CTA
(28.9 mg, 0.2 mmol), AIBN (5 mg, 0.03 mmol) and eloge DMF (10 mL) were introduced into a
Schlenk tube and bubbled by nitrogen flow for 3@.1Tihe reaction mixture was stirred at 70 °C for 12
h. After the polymerization was completed, BPH (88, 0.5 mmol) was added to the reaction system.
The new reaction mixture was further stirred aP@0for 4 h. After cooling to room temperature, the
mixture was dialyzed against water for 24 h thdraerol for 24 h using 3500 Ddw cutoff dialysis
membranes. Finally, the resulting product was edradut by freeze-drying.

2.5 Cytotoxicity of BPH-poly(FHM A-co-M PC) FPNs

The cytotoxicity of as-prepared BPH-poly(FHMd-MPC) FPNs was evaluated by cell counting
kit-8 (CCK-8) assay.[42] Briefly, HelLa cells wereesled in 96-well microplates at a density of 5 % 10
cells mL™ in 160puL of cell culture medium containing 10% fetal bowiserum (FBS). After overnight
culture, cells were incubated with different dosdésBPH-poly(FHMA-co-MPC) FPNs (10-12Qug
mL™) for 12 and 24 h, respectively. Then cells werstveal with phosphate-buffered saline (PBS) for
three times. 1@L of CCK-8 solution and 10QL of Dulbecco's modified eagle medium (DMEM) cell
culture medium were added to each well and incabfie another 2 h at 37 °C. Finally, plates were
analyzed using a microplate reader (Vitthr PerkinElmer). Measurements of formazan dye
absorbance were carried out at 450 nm, with thereete wavelength at 620 nm. The values were
proportional to the number of live cells. The petaeduction of CCK-8 dye was compared to controls
(cells not exposure to BPH-poly(FHMé&e-MPC) FPNs), which represented 100% CCK-8 reduction
Three replicate wells were used per microplate, thedexperiment was operated for three times. Cell
survival was expressed as absorbance relativeatoothuntreated controls. Results are presented as
mean * standard deviation (SD).

2.6 Confocal microscopic imaging of BPH-poly(FHM A-co-M PC) FPNs

The cell uptake behavior of BPH-poly(FHM&-MPC) FPNs was investigated by a confocal laser



scanning microscope (CLSM, Zeiss 710 3-channel,m@ny) using Hela cells. The excitation
wavelength was set as 405 nm. Hela cells werensatglass bottom dish with a density of 1 ® 10
cells per dish. On the day of treatment, BPH-pdHNfA-co-MPC) FPNs with a suitable concentration
of 40 ug mL™ was incubated with cells for 3 h at 37 °C. Aftersiahe cells were washed three times
with PBS to remove the redundant BPH-poly(FHM&MPC) FPNs and then fixed with 4%
paraformaldehyde for 10 min at room temperature.
3 Resultsand discussion

The synthetic products of each step were charaetérand confirmed bjH NMR spectra. To be
specific, the characteristic chemical shift of BRidated at 5.41 ppm is attributed to -NBroup,
demonstrating the successful synthesis of BPH \dhifSbase reactionHig. Sl1). Besides, the
emerging chemical shifts of FHMA located at 6.140band 1.96 ppm are assigned to Cz@iHd
-CH; groups after CMSA reacted with methacrylic adkig( S2). More importantly, theH NMR
spectra of monomer MPC and the purified copolymeHBoly(FHMA-co-MPC) is shown irFig. 1.
Obviously, the characteristic chemical shifts & fluorescence moiety of BPH-poly(FHM#&-MPC)
including the protons of OH (10.18 ppm, b), CH=N9@Bppm, c), and aromatic ring (7.66-6.72 ppm)
can be clearly observed, and the hydrophilic MP&ligrincluding the protons of NCH; (3.31 ppm, f)
and C-CH (1.20 ppm, g) can also be clearly identified witile chemical shifts of 6.11 and 5.56 ppm
representing the ethylene group of MPC were disapgue in BPH-poly(FHMAeo-MPC),
demonstrating the successful RAFT polymerizatiod @ost-polymerization modification. Thi4
NMR results suggested the successful fabrication tfe amphiphilic copolymer

BPH-poly(FHMA-co-MPC), which was also affirmed by other techniques.
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Fig. 1 'H NMR spectra of MPC and BPH-poly(FHMés-MPC). The specific NMR information about

MPC, C=N and aromatic ring has been clearly indiedtiby ‘*H NMR spectrum.

Furthermore, the successful synthesis of BPH, FHEiWd BPH-poly(FHMAeo-MPC) was
confirmed by FT-IR spectroscopy. Typically, two cheteristic peaks of 3426 and 1629 ‘trare
assigned to the stretching vibration of Nahd C=N group, respectively, indicating the susfids
synthesis of BPH via Schiff base condensatibiy.(S3). Moreover, the strong stretching vibration
bands of C=C located at 1661 trand C=0O located at 1717 ¢mvere found in FHMA when CMSA
reacted with methacrylic acid, which suggestedbsitscessful synthesigig. 2A). More importantly,

compared with the FT-IR spectrum of FHMA, a newrelsteristic peak of 1590 chmttributed to the



stretching vibration of C=N is highlighted and te#&etching vibration of C=C is disappeared in
as-prepared BPH-poly(FHM&e-MPC), indicating the successful polymerizationGISA and MPC
and further post-polymerization modification viah8t base condensatiorFig. 2B). Combined the
results of'H NMR spectra and FT-IR spectra, we can draw a losiun that the zwitterionic

copolymer BPH-poly(FHMAeo-MPC) was synthesized successfully.
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Fig. 2 FT-IR spectra of FHMA and BPH-poly(FHM#&s-MPC).

According to the previous reports, amphiphilic clypters tend to form nanoparticles with a
hydrophobic core and a hydrophilic shell in aqueenrgironments through self-assembly strategy.[43]
Therefore, the morphology and size of BPH-poly(FHAMPC) FPNs were characterized by TEM
and DLS. As shown ifrig. 3A, lots of spherical nanoaggregates with diametanging about 100 nm
are observed, indicating the formation of nanopksi via self-assembly when the as-prepared
amphiphilic copolymer BPH-poly(FHMAo-MPC) dispersed in water. Furthermore, the
hydrodynamic size distribution of BPH-poly(FHM&s-MPC) FPNs suggested that the size of these
FPNs in water is in the range of 50-200 nfig( 3B). It is noteworthy that the size of
BPH-poly(FHMA-co-MPC) FPNs characterized by TEM is somewhat smétlen the hydrodynamic
size, which might be due to the shrinkage of micédir TEM observation. Hence, the above results
demonstrated that BPH-poly(FHMéo-MPC) FPNs possess suitable size and excellent rwate

dispersibility, implying their potential for biomal applications.



S
<
B
=
Z
&
D
2
=
=

Size (nm)

Fig. 3 (A) TEM image of BPH-poly(FHMAco-MPC) FPNs dispersed in water, revealing spherical
nanoparticle morphology; (B) Size distribution d?B-poly(FHMA-co-MPC) FPNs dispersed in water
determined by DLS.

The chemical composition of BPH-poly(FHM&®-MPC) was analyzed by XPS spectrum. Carbon
(C), oxygen (0), nitrogen (N), phosphorus (P) anlfus (S) elements are presented in low-resolution
XPS spectrum of BPH-poly(FHMA&e-MPC) (Fig. 4). Table S1 shows that the overall wt % of these
elements (C: O: N: P: S) as 71.74: 19.39: 5.899:20449, respectively. The element S should be
derived from the CTA, while the element P shouldbhginated from the MPC. The element N should
be derived both from the MPC and Schiff base. Meeedbased on the element ratio values, we could
clearly find that the content of N is obviously gter than that of P. This implied that the final
copolymers contain both MPC and Schiff base. Arartiolar ratio of Schiff base to MPC is 0.683:1.
All of the above results indicated that we havecsssfully synthesized the AlE-active polymers

through the combination of RAFT polymerization grakt-polymerization modification (formation of

Schiff base).
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Fig. 4 XPS spectrum of BPH-poly(FHM&e-MPC) with different components of carbon (C), ogpg
(0), nitrogen (N), phosphorus (P) and sulfur (8nednts.



High-resolution spectra of C 1s of BPH-poly(FHMA-MPC) is split into four main components:
-CH group at ~285 eV, C-O or C-N groups at 286a\ C=0 group at 287 eV, respectivelyg; 5A).
Several peaks that centered at 532.4 and 530.Ge¥band in the high-resolution spectrum of O 1s.
These peaks indicated that the atom O is conjugatiddifferent elements (P, C). More importantly,
binding energies of C-Nand C=N bond of the region N 1s in BPH-poly(FHM&MPC) are 402.7
eV and 399.3 eV, respectively, which suggested B®Bs conjugated with salicylaldehyde
(SA)-functional preliminary copolymer via Schiff $®condensatior-{g. S5).[44] Final, the existence

of P and S also suggested that the copolymers ettaéned through RAFT polymerization.
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Fig. 5 High-resolution spectra of BPH-poly(FHM&s-MPC). (A) The region of C1s, (B) The region

of O 1s, (C) The region of N 1s, (D) The regiorPa2p.

Due to the amphiphilic properties, BPH-poly(FHMA-MPC) copolymers self-assemble in aqueous
solution with the hydrophobic fluorescent moiete&ggregating together to form the core and the
hydrophilic MPC chains extended towards the aqueosslution. Thus obtained
BPH-poly(FHMA-co-MPC) FPNs are endowed with good water dispergjbilt can be seen that no
obvious precipitation and the background charattenchang University” could be observed when
BPH-poly(FHMA-co-MPC) FPNs were dispersed in water (insetFad. 6A). The UV absorption
spectrum of BPH-poly(FHMAco-MPC) FPNs in water is shown Fig. 6A, two peaks located at 306
and 352 nm could be found. The strong absorpticak g 306 nm could be attributed te->n*

transition, which demonstrated the existence of jugated chemical structure of



BPH-poly(FHMA-co-MPC) FPNs. Furthermore, it can be concluded tmamatic rings have been
conjugated with hetero atom such as N of BPH-p®WIA-co-MPC) FPNs because a shoulder peak
at 352 nm could be ascribed to the R band -efth transition. Intense yellow fluorescence can be
observed from the BPH-poly(FHM&e-MPC) FPNs after they were irradiated by a UV-laat8365
nm (inset ofFig. 6B). Fluorescence (FL) spectra shown Hig. 6B indicated that the maximum
emission wavelength is located at 546 nm when BBK(PHMA-co-MPC) FPNs in water were
excited with 405 nm wavelength. More importantiyhet fluorescence stability of—was
BPH-poly(FHMA-co-MPC) FPNs was also examined. As displayedFig. 6C, even though
BPH-poly(FHMA-co-MPC) FPNs suspension were irradiated at 365 nrit farno obvious decrease in
FL intensity was observed. It can be seen thafltiieescence intensity after irradiation is stitegter
than 95% as compared with the value before irragtiatit suggests that BPH-poly(FHMée-MPC)
FPNs possess desirable photo-bleaching resist&heeAlE properties of BPH-poly(FHMAe-MPC)
FPNs could be determined by good and poor sohMestause the obtain BPH-poly(FHMz#-MPC)
copolymers could dissolve well in some organic sntg such as DMF while just dispersed in aqueous
solution. As shown irFig. 6D, no fluorescence could be observed when BPH-pbIME-co-MPC)
copolymers were dissolved in DMF while bright yellofluorescent could be observed with a
maximum emission peak at 546 nm, indicating obvidlis properties. The mechanism of the AIE
properties for BPH-poly(FHMA-co-MPC) copolymers thibe explained in a similar manner to
previous literatures.[45-47] In solution state, raghative relaxation of the excited states wasvatgid

by the free intermolecular rotation around the Nydhd, resulting in fluorescence quenching. However,
after BPH-poly(FHMA-co-MPC) copolymers self-assembh aqueous solution, the rotation was
inhibited in the aggregate state, which demonsttatr AIE attributes and the excited state

intramolecular proton transfer (ESIPT) fluorescence
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Fig. 6 (A) The UV absorption spectrum of BPH-poly(FHM&A-MPC) FPNs in water. Inset: visible
photograph of BPH-poly(FHMAo-MPC) FPNs in water using the logo of “Nanchanguénsity” as
background; (B) The FL spectra of BPH-poly(FHMA-MPC) FPNs in water. Inset: FL image of
BPH-poly(FHMA-co-MPC) FPNs in water taken at 365 nm UV light; (CL tability of
BPH-poly(PEGeo-FHMA) FPNs under continuous UV light exposure 6631m for 1 h; (D) The FL
emission spectra of BPH-poly(FHMé&e-MPC) FPNs in DMF and water. Inset: FL images of

BPH-poly(FHMA-co-MPC) FPNs in DMF (left) and water (right) taken3&5 nm UV light.

The critical micelle concentration (CMC) is the imim concentration of surfactant or amphiphilic
polymers required for micelles to form, which igghly important for the construction of stable
micelles in low concentration of solution. Thuse t&MC value of the BPH-poly(FHMA&e-MPC)
FPNs was determined by conducting the FL spectf@RH-poly(FHMA-co-MPC) FPNs in water at
different concentrations, with excitation waveldngtas 405 nmKig. 7A). Furthermore, the intensity
of the fluorescence emission vs. the logarithmhef toncentration of BPH-poly(FHM#&s-MPC)
FPNs was plotted to determine the CMC by the tangezthod Fig. 7B). The results suggested that
the CMC value of BPH-poly(FHMAo-MPC) FNPs is 0.033 mg mlL Therefore, the
BPH-poly(FHMA-co-MPC) FNPs with low CMC value would be stable undéduent physiological

conditions and useful for practical applications.
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Fig. 7 (A) FL spectra of BPH-poly(FHMA0-MPC) FPNs in water at different concentrations
(0.0001-0.5 mg mt), excitation wavelength was 402 nm. (B) The relaship of the FL intensity and

the logarithm of BPH-poly(FHMAso-MPC) FPNs concentration in water.

All above characterization results suggested BPK(pbIMA-co-MPC) FPNs possess good water
dispersibility, desirable particle size and uniqetophysical properties, which seem to suitabte fo
bioimaging applications. However, biocompatibilgyaluation is a necessary step before evaluating
the potential biomedical applications of BPH-pol(#A-co-MPC) FPNs. As shown ifig. 8, it is
worth mentioning that only little decrease of cahbility value after the cells were incubated with
BPH-poly(FHMA-co-MPC) FPNs at different concentrations for 12 h &ddh. Moreover, the cell
viability value is still greater than 95% after 24 incubation even the concentrations of
BPH-poly(FHMA-co-MPC) FPNs as high as 12@ mL*, suggesting that excellent biocompatibility
of BPH-poly(FHMA-co-MPC) FPNs. It could draw a preliminary conclusiothat

BPH-poly(FHMA-co-MPC) FPNs have great potential in cell imaginglaagion.
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Fig. 8 Cell viability of BPH-poly(FHMA<co-MPC) FPNs with Hela cells for 12 h and 24 h,

respectively.



On the basis of excellent biocompatibility, theldealr uptake of BPH-poly(FHMAc0-MPC) FPNs
was investigated by CLSM. Bright field of CLSM ineghown irFig. 9A revealed that cells still keep
their normal morphology after they were incubatethw0 pg mL™ of BPH-poly(FHMA-co-MPC)
FPNs for 3 h, further demonstrating their good bropatibility. Moreover, many dark areas are
surrounded by intense yellow fluorescence, whigigested that BPH-poly(FHM#&e-MPC) FPNs are
internalized by HelLa cells-viaphageeytosis andniyadlistributed in the whole cytoplasrii@. 9B).
These dark areas should be the locations of celenbecause the size of BPH-poly(FHMA-MPC)
FPNs is obvious larger than that of nucleus ponestherefore could not enter into cell nuckeig. 9C
shows the merged image of bright field and fluoeesdmages. It can be seen that the fluorescence
signals are almost overlaid with the cell location$t further indicated that the
BPH-poly(FHMA-co-MPC) FPNs are internalized-threugh-nen-speecifisteo Combine the above cell
viability results so we can draw a concluded thetBpoly(FHMA-co-MPC) FPNs have great potential

for practical biological imaging.

Fig. 9 CLSM images of Hela cells incubated with 4§ mL™ of BPH-poly(FHMA<o-MPC) FPNs

for 3 h. (A) Bright field, (B) excited with 405 niaser, (C) merge image of A and B. Scale bar = 20

pm.

4 Conclusions

In summary, we have developed a novel strategypfeparation of BPH-poly(FHMAo-MPC)
FPNs through the combination of RAFT polymerizatiamd post-polymerization modification. The
resultant BPH-poly(FHMAco-MPC) FPNs showed numerous excellent propertieb aschigh water
dispersibility, uniform morphology, intense yellofluorescence, large Stokes shifts, remarkable
photostability and excellent biocompatibility, magi them promising for biological imaging
applications. Compared with the construction of Alifive FPNs based on polymerizable or
functionalized AIE molecules, the novel method pded by this contribution has many advantages.
First, it can avoid the complex process for thetlsgsis of AIE dyes. Secondly, the chemical
composition and fluorescence properties and thesipbghemical properties of copolymers can be

facilely adjusted via the RAFT polymerization anchi base reaction. More importantly, this work



provides novel ideas for the fabrication of AlE+aet FPNs through the post-polymerization
modification.
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» Fluorescent polymeric nanoparticles with aggregation-induced emission feature
» AlE-active FPNs through formation of Schiff base
» The method for preparation of AlE-active FPNs s rather smple and effective

» These AlE-active FPNs are promising for biomedical applications



