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The aggregation-induced emission (AIE) amphiphilic block copolymers were developed based
on the living ring-opening metathesis polymerization for the first time. By virtue of the block
copolymer self-assembly in selective solvents, water soluble fluorescent nano-objects were

then prepared with various structures including spherical micelles, cylindrical micelles, and
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vesicles. This method represents a facile and efficient way to prepare the well-defined AIE

polymers and the varied fluorescent nano-objects with controlled structures and functionalities

thereof.

Introduction

Aggregation-induced emission (AIE) materials have received
considerable attention'* since the AIE term was coined in
Tang’s group in 2001°. In contrast to the notorious aggregation-
caused fluorescence quenching (ACQ) characteristics of
traditional fluorophores, AIE fluorogens endows luminescent
materials with strong fluorescence emission in aggregate
formation. This makes it play a very important role in a variety
of practical applications such as fluorescence sensors®’,
biological probes®®, and optoelectronic applications'®'%. To
date, varied AIE fluorogens have been developed including
tetraphenylethene (TPE)", silole™'*, and distyrylanthracene'”,
in which the restricted intramolecular rotation has been
suggested as the mechanism for their AIE phenomenon.'? By
integrating the AIE florogens into polymer chains as side,
main-chain, or end groups, AIE polymeric materials could be
conveniently produced. Thanks to the good solubility,
processability, and high AIE efficiency, the exploration of AIE
polymers with varied macromolecular structures and
functionalities has become one of the critical developing
directions in this research field.**

The known synthetic methods for AIE polymers can be
generalized into two categories including step and chain
polymerizations. The step polymerization techniques usually
produce branched or ill-defined linear AIE polymers with
relatively lower molecular weight and broad polydispersity
index (PDI). The resultant polymers generally contain the
fluorogens inside of polymer main-chains.>!?* The chain
polymerization methods, however, typically yield linear AIE
polymers with higher molecular weight. The AIE fluorogens
are usually designed as side groups in this case.’*>’ Especially
when living chain polymerization techniques were used, the
well-defined linear AIE polymers were produced with
controlled molecular weight and narrow PDI.*'*° To date, the
controlled free radical polymerization methods including atom
transfer radical polymerization (ATRP)*'** and reversible
addition-fragmentation chain transfer polymerization (RAFT)**
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3 have already been applied to prepare well-defined AIE
polymers. The corresponding nanomaterials from the resultant
well-defined AIE polymers have demonstrated the varied
applications as fluorescence sensors and biological imaging
probes.?¥

As far as we know, ring-opening metathesis polymerization
(ROMP)*, as one of the most powerful controlled
polymerization methods, has never been used to produce AIE
polymers. Recently, ROMP has been developed to produce a
variety of well-defined polymers at very mild conditions such
as at room temperature, in a few minutes, and even opening in
air*'**2. More importantly, the monomer could be consumed
with a quantitative conversion during ROMP, while the
resultant polymers still keep the narrow PDI and the active
propagating terminals for further chain extension. This makes it
a convenient and powerful method to prepare block copolymers
since the precursor macroinitiators do not need to be purified
and isolated. By directly adding the second monomer into the
polymerization mixture after consuming the first one, the block
copolymers could be conveniently produced. In addition,
ROMP could produce polymers with a double bond in each
repeat unit, which provides the valuable reactive sites for
further post-functionalizing the polymers. Herein, we explored
the ROMP to produce AIE polymers for the first time. Figure 1
includes our design and synthetic procedure, in which the
preparation of AIE amphiphilic diblock copolymers was used
as an example to demonstrate our concept. The norbornene
based monomers M1 and M2 were designed with a TPE AIE
fluorogen as side group and a PEG as side chain respectively.
Using the third generation Grubbs’ catalyst (G3) as initiator, a
series of well-defined AIE diblock copolymers of poly(M1)-b-
poly(M2) were produced in less than one hour at room
temperature. In addition, by virtue of their self-assembly in
selective solvents, water soluble fluorescent nano-objects were
produced with varied structures including spherical micelles,
cylindrical micelles, and vesicles. Since the biocompatible PEG
was designed on the surface of these novel nano-objects, they
should have a potential application as the biological imaging
probes.
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Figure 1. The preparation of AIE amphiphilic diblock copolymer of poly(M1)-b-poly(M2).

Experimental

Materials

4-Methylbenzophenone, diphenylmethane, n-butyllithium (n-BuLi,
2.4 M in hexane), ammonium chloride (NH4Cl), p-toluenesulfonic
acid (p-TSA), N-bromosuccinimide (NBS), benzoyl peroxide (BPO),
N-potassium phthalimide, hydrazine hydrate (80 wt.% solution in
H,0) (N,Hy), cis-5-norbornene-exo-2,3-dicarboxylic anhydride,
polyethylene glycol monomethylether (M,=750, PEG;5,-OH),
methanesulfonyl chloride (MsCl), triethylamine (TEA), sodium
azide (NaNj), triphenylphosphine (P(Ph);), sodium hydroxide
(NaOH), potassium hydroxide (KOH), sodium chloride (NaCl),
anhydrous magnesium sulfate (MgSQO,), carbon tetrachloride (CCly),
dichloromethane (DCM), tetrahydrofuran (THF), methanol, ethanol,
N,N-dimethylformamide (DMF), toluene, petroleum ether, ethyl
acetate, chloroform (CHCl3), 1,4-dioxane, diethyl ether, ethyl vinyl
ether (EVE), 3-bromo-pyridine , second generation Grubbs ’
catalyst (G2) were purchased as regent grade from Alfa Aesar,
Aldrich, Acros, J&K Chemical, or Beijing Chemical Reagent Co.
and used as received unless otherwise noted. The third generation
Grubbs’  catalyst (G3) (dichloro-di-(3-bromopyridino)-N,N’-
dimethylenoimidazolino-Ru=CHPh) was prepared according to the
previously reported procedure.*® TEA was dried over KOH. For
making dry solvents: DCM was refluxed over calcium hydride; THF
and toluene were distilled from sodium/benzophenone.

Characterization

'H-NMR and "*C NMR spectra were recorded on a Bruker Avance
400 spectrometer at room temperature. Fluorescence spectra were
recorded using a Cary Eclipse fluorescence spectrophotometer.
Fluorescence images of self-assemblies were taken on an Olympus
IX71 fluorescence microscope. Fluorescence quantum yields (@r)
were measured on a Hamamatsu C11347-11 quantum yield
spectrometer. Gel permeation chromatography (GPC) was
performed using four Waters Styragel columns (HT 2, HT 3, HT 4,
and HT 5), a Waters 1515 isocratic HPLC pump, and a Waters 2414
RI detector. THF was used as the eluent at a flow rate of 1.0
mL/min. Polystyrene standards were used for the calibration.
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Transmission electron microscopy (TEM) images were obtained
using a JEM 1011 instrument operated at an accelerating voltage of
80 kV. The images were recorded by a digital camera. Solution
samples (10-15uL) were dropped onto carbon-coated copper grids
for TEM observation. FT-IR spectra were recorded on a Thermo
Nicolet Avatar-330 Spectrometer at room temperature. Matrix-
assisted laser desorption/ionization Fourier transform mass
spectrometry (MALDI FTMS) experiments were performed on an
Bruker Solarix MALDI Fourier transform mass spectrometer
equipped with a 9.4-T actively shielded superconducting magnet. A
337 nm nitrogen laser was used for ionization/desorption. Matrix-
assisted laser desorption/ionization yime of flight (MALDI-TOF)
mass spectrum was recorded on a Bruker Biflex III MALDI-TOF
mass spectrometer equipped with a 337 nm nitrogen laser.

Preparation of M1
o}

00 % oo

o
U Qw0

1 M1 o

The synthesis of Compound 1 was detailed in Supporting
Information. Compound 1 (2.48 g, 6.87 mmol), cis-5-norbornene-
exo0-2,3-dicarboxylic anhydride (1.69 g, 10.30 mmol), and TEA
(0.07 g, 0.69 mmol) were mixed with 50 mL toluene in a 150 mL
round-bottom flask fitted with a Dean-Stark apparatus. After
refluxing the reaction for around 12 h, the reaction solution was
cooled and concentrated. The crude product was purified by a silica
gel column with DCM/CH;0H (10/1, v/v) as eluent to provide the
white solid product M1 (2.67 g, 76.72 % yield). "H-NMR (CDCl,), &
(ppm): 7.13-7.03 (m, 11H), 7.03—6.91 (m, 8H), 6.28 (s, 2H), 4.52 (s,
2H), 3.23 (s, 2H), 2.67 (s, 2H), 1.42-1.32 (m, 1H), 1.01-0.91 (m, 1H).
BC NMR (CDCly), & (ppm): 177.60, 143.46 141.20, 140.38,
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137.97, 133.88, 131.51, 131.24, 128.11, 127.61, 126.42, 47.70,
45.34, 42.56, 42.03. HRMS (MALDI) m/z calculated for
C36H,0NO, [M™] 507.2198, found 507.2193. FT-IR spectrum
was shown in Supporting Information as Figure S1.

Preparation of M2
o]

Qe
° @QW%O«&
0 M2

The synthesis of PEGy5-NH, (2) was detailed in Supporting
Information. PEG75o-NH, (3.00 g, 4.00 mmol), cis-5-norbornene-
exo-2,3-dicarboxylic anhydride (0.79 g, 4.80 mmol), and TEA (0.04
g, 0.40 mmol) were mixed with 50 mL toluene in a 150 mL round-
bottom flask fitted with a Dean-Stark apparatus. After refluxing the
reaction for around 12 h, the reaction solution was cooled and
concentrated. The crude product was purified by a silica gel column
with DCM/CH;0H (20/1, v/v) as eluent to provide the white
semisolid product M2 (1.33 g, 37.15 % yield). 'H-NMR (CDCly), &
(ppm): 6.28 (s, 2H), 3.70-3.59 (m, 64H), 3.38 (s, 3H), 3.26 (s, 2H),
2.67 (s, 2H), 1.52-1.45 (m, 1H), 1.39-1.34 (m, 1H). *C NMR
(CDCly), & (ppm): 177.97, 137.83, 76.68, 71.94, 70.57, 69.87, 66.87,
59.03, 47.81, 45.27, 42.72, 37.73. FT-IR and MOLDI-TOF MS
spectra were shown in Supporting Information as Figure S2 and
S3 respectively.

\o/(\/Oﬁ/\NHZ

2

Preparation of poly(M1)-b-poly(M2) diblock copolymers

A general ROMP procedure was demonstrated by the preparation of
poly(M1)399-b-poly(M2),o. G3 (1.2 mg, 1.31 x 10~ mmol), M1 (200
mg, 0.39 mmol) and M2 (12 mg, 0.013 mmol) were separately
dissolved in a 25 mL Schlenk tube with 1 mL DCM. After degassing
through three freeze-evacuate-thaw cycles, the M1 solution was
added all at once to the catalyst G3 solution at room temperature
under N, while stirring vigorously. After reacting for 20 min, the
second monomer M2 solution was added to the above system under
the same conditions. After stirring at room temperature for another
20 min, the reaction was quenched by addition of 0.5 mL EVE. The
mixture was concentrated and then precipitated in diethyl ether to
obtain the diblock copolymer of poly(M1);9p-b-poly(M2). FT-IR
spectra of poly(M1);49 and poly(M1);p9-b-poly(M2);, were shown
in Supporting Information as Figure S4 A and B respectively.

Critical Micelle Concentration

The critical micelle concentration (CMC) was determined by
fluorescence spectroscopy. A stock solution of poly(M1)-b-
poly(M2) was prepared with a concentration of 0.1 mg/mL. Ten
diluted solutions were then prepared from the stock with
different polymer concentration and a minimum of 1x107
mg/mL. After that, fluorescence spectrum was recorded for
each sample. The intensities of the peak at 480 nm were then

This journal is © The Royal Society of Chemistry 2012
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collected to plot with the corresponding polymer concentrations.
The CMC was finally determined from the curve of
fluorescence intensity vs. polymer concentration, quantifying
by the polymer concentration at the intersection between the
plateau and the tangent of the increase of fluorescence intensity.

Self-assembly of poly(M1)-b-poly(M?2) diblock copolymers

A general procedure: 0.8 mL water was added dropwise into 0.2 mL
poly(M1)-b-poly(M2) THF or dioxane solution (10 mg/mL) within
10 min by syringe under vigorous stirring. After 12 h, the self-
assemblies were characterized.

Results and Discussion

Synthesis of monomers

The norbornene based monomers of M1 and M2 were prepared by
reacting cis-5-norbornene-exo-2,3-dicarboxylic anhydride with 1-
[(4-aminomethyl) phenyl]-1,2,2-triphenylethene (1 in Experimental)
and PEGy50-NH, (2 in Experimental), respectively. The detailed
synthesis process was shown in Experimental. The 'H-NMR spectra
and the related peak assignments are shown in Figure 2 A and B for
M1 and M2 respectively, which clearly indicated the successful
preparation of the norbornene based monomers.

Preparation of poly(M1)-b-poly(M2) diblock copolymers

ROMP was selected to sequentially polymerize M1 and M2 for the
formation of well-defined poly(M1)-b-poly(M2) diblock copolymers
(Figure 1), in which G3 was used as the initiator. By this method,
the block ratio could be conveniently controlled by the initial molar
ratio between M1 and M2. The preparation of poly(M1);09-b-
poly(M2),, was detailed as an example to demonstrate the ROMP
living characteristics for producing the well-defined poly(M1)-b-
poly(M2) diblock copolymers. Using [M1]y/[G3], = 300/1, the
poly(M1);y, was obtained at room temperature in 20 min with [M1],
= 0.2 M in DCM. By subsequently adding M2 in-situ to extend the
polymer chain of poly(M1)3y with [M1]y/[M2], = 300/10, the
diblock copolymer of poly(M1);390-b-poly(M2),, was produced in
another 20 min at room temperature. After the polymerization, EVE
was then used to detach Ru catalyst from the polymer chain end,
resulting the metal free poly(IM1)309-b-poly(M2),.

Figure 2C shows the 'H-NMR spectrum of an aliquot of
poly(M1)39y polymerization solution without purification after the
first polymerization step. The complete disappearance of the peak at
6.28 ppm (peak a in Figure 2A) ascribed to -CH=CH- in M1 was
observed and new broad peaks appeared at 5.34-5.82 ppm (peak a’
in Figure 2C), belonging to -CH=CH- in poly(M1). This indicated
that the polymerization was carried out successfully with a
quantitative M1 conversion. Figure 3A (black) shows the
corresponding GPC curve with a symmetric and monomodal peak
that corresponds to M, = 132600 g/mol and PDI = 1.06 (Table 1,
Run 1).

J. Name., 2012, 00, 1-3 | 3
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Figure 2. "H-NMR spectra of norbornene based monomers M1 (A) and M2 (B) and the resultant homopolymer poly(M1)s0, (C) and diblock

copolymer poly(M1)sg-b-poly(M2) g (D).

Table 1. Synthesis and characterization of poly(M1) macroinitiators and the corresponding poly(M1)-b-poly(M2) diblock copolymers.

Run? Polymer Feed ratio M, t,,eo,yd) M, pc?  PDIY
1 poly(M1)399 300:17 152100 132600  1.06
2 poly(M1)509-b-poly(M2),, 10:1¢ 161100 135800  1.07
3 poly(M1),9 100:1% 50700 43400  1.03
4 poly(M1),go-b-poly(M2),o 10:1 59700 45100  1.03
5 poly(M1)s, 50:17 25300 19200  1.04
6 poly(M1)sy-b-poly(M2),, 10:1¢ 34300 23600  1.03

% ROMP polymerizations were all performed at room temperature in DCM. ” [M1]y/[G3], employed for the preparation of
poly(M1) macroinitiators. ¥ [M2]y/[poly(M1)], employed for the preparation of poly(M1)-b-poly(M2) diblock copolymers, which
theoretically equaled to [M2]y/[G3], in the used ROMP approach. ¥ Calculated from the feed ratio. ¢ Calculated from GPC, in
which THF was used as eluent and polystyrene standards were used for calibration.

Figure 2D shows the 'H-NMR spectrum of an aliquot of
poly(M1)390-b-poly(M2),,  polymerization  solution  without
purification after the second polymerization step. Compared to that
of M2 (Figure 2B), the peak at 6.28 ppm (peak a in Figure 2B)
ascribed to -CH=CH- in M2 was completely disappeared. In
addition, a new peak was clearly observed at 3.65 ppm assigned to -
CH,CH,0O- of poly(M2) block, compared to that of poly(IM1);g
(Figure 2C). This indicated the polymerization was carried out
successfully with a quantitative M2 conversion. Figure 3A (red)
shows the corresponding GPC curve. Compared to that (black curve)
of the precursor poly(M1)sg, the symmetric and monomodal peak
shape was preserved but the peak position completely shift to higher
molecular weight direction. The corresponding M, and PDI was
integrated as 135800 g/mol and 1.07 (Table 1, Run 2). This clearly
indicated the successful chain extension of poly(M1) and the
formation of well-defined poly(IM1)30o-b-poly(M2),.

4| J. Name., 2012, 00, 1-3

Taking advantage of the same procedure, poly(M1)o-b-
poly(M2),, and poly(M1)s¢-b-poly(M2),, were produced simply by
controlling [M1]¢/[M2]y/[G3], as 100/10/1 and 50/10/1. The
corresponding GPC curves were shown in Figure 3 B and C, in
which the symmetric and monomodal peaks were observed for all
cases. Compared to those of precursors poly(M1);4o and poly(M1)s,
the peak position for the resultant poly(M1);4o-b-poly(M2),, and
poly(M1)s¢-b-poly(M2),, completely shifted to high molecular
weight direction. The corresponding M, and PDI was calculated as
45100 g/mol and 1.03 for poly(M1),4p-b-poly(M2),, (Table 1, Run 4)
and as 23600 g/mol and 1.03 for poly(M1)sy-b-poly(M2),, (Table 1,
Run 6).

Self-assembly of poly(M1)-b-poly(M2) and the AIE nano-objects
thereof

The self-assembly behavior of this novel kind of AIE amphiphilic
diblock copolymers was investigated in selective solvents. A general

This journal is © The Royal Society of Chemistry 2012
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self-assembly procedure was demonstrated as follows. Poly(M1)-b-
poly(M2) (2 mg) was dissolved in 0.2 mL THF or dioxane (only for
poly(M1);399-b-poly(M2),0), which are the good solvents for both
blocks. A selective solvent water (0.8 mL) was then added slowly
under vigorous stirring to induce the self-assembly. Since water is a
non-solvent for poly(M1) but a good solvent for poly(M2), the self-
assemblies were obtained in this situation with poly(M1) block as
the aggregating part and poly(M2) as the dispersing part. Taking
advantage of this method, the structures of the resultant self-
assemblies could be manipulated conveniently by changing the block
ratio of poly(M1)-b-poly(M2). Due to the AIE property of poly(M1)
block, the self-assemblies with varied structures were all endowed
with strong fluorescent characteristics.

A \—Poly(m)m — Poly(M1)m-bPoly(M2)m‘
240 245 250 255 26.0 265 270
Time (min)

B [—— Poly(M1),,, —— Poly(M1), -5-Poly(M2), |

260 265 27.0 27.5 280 285 290 295 30.0

Time (min)
C [—— Poly(M1),, —— Poly(M1)_-t-Poly(M2), |
28 29 30 31 32
Time (min)

Figure 3. GPC curves of (A) poly(M1)s (black) and the resultant
poly(M1);3p9-b-poly(M2),o (red), (B) poly(M1);4 (black) and the
resultant poly(M1);40-b-poly(M2),, (red), and (C) poly(M1)s, (black)
and the resultant poly(M1)so-b-poly(M2),, (red).

Figure 4A shows the TEM image of self-assemblies from
poly(M1)s¢-b-poly(M2),y, in which the spherical micelles was
clearly observed with a diameter of ca. 25 nm. Figure 4B is the

This journal is © The Royal Society of Chemistry 2012
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corresponding  fluorescence microscope image, where the
fluorescent nanospheres were demonstrated. Figure 4C shows the
picture of poly(M1)so-b-poly(M2),, THF solution (left) and the
micelle dispersion in mixed THF and water (v/v = 1/4) (right).
Compared to the polymer solution, the micelle dispersion emitted
the strong fluorescence indicating the poly(M1) was aggregated
and formed the micelle core. The quantitative fluorescent
characterization was recorded by fluorescence spectrophotometer.
As shown in Figure 4D, no fluorescence emission peak was
observed from the spectrum (black) of poly(M1)s¢-b-poly(M2),,
THF solution. A strong emission peak, however, was observed
from the spectrum (red) for the resultant micelle dispersion in water
with a peak position at 480 nm. The corresponding @p was
measured as 0.20.

Spm

800 Polymer]|
D ‘,.‘f“«‘n\ —— Micelle
]
~ 600 £ N
3 / \
& / \
2 400 / \
w / \
<3 f \
I { \
£ /
= 200 /
/ ‘
L .

460 45’0 560 55;0 660
Wavelength (nm)

Figure 4. (A) TEM image and (B) fluorescence microscope image
of the spherical micelles formed from poly(M1)s,-b-poly(M2);,. (C)
Pictures of the poly(M1)sy-b-poly(M2),, THF solution (left) and the
resultant micelle dispersion in mixed THF and water (v/v = 1/4)
(right). (D) Fluorescence spectra of the poly(M1)so-b-poly(M2),
THF solution (black) and the resultant micelle dispersion in water
(red).

Figure 5A shows the TEM image of cylindrical micelles formed
from poly(M1),go-b-poly(M2),,, in which the cylinder diameter was
measured as ca. 38 nm. Figure 5B shows the corresponding
fluorescence microscope image. Different from the poly(M1);49-b-
poly(M2),, THF solution (Figure 5C left), the cylindrical micelle
dispersion emitted the strong fluorescence in mixed THF and water
(v/v = 1/4) (Figure 5C right). This is again demonstrated by
fluorescence spectrum. As shown in Figure 5D, no emission signal
was observed from the curve (black) of poly(M1)¢p-b-poly(M2),o
THF solution. The strong emission peak, however, was observed
from the curve (red) of the resultant cylindrical micelle dispersion in
water with a peak position at 480 nm. The corresponding @r was
measured as 0.21.

Figure 6A shows the TEM image of the vesicles formed from
poly(M1)399-b-poly(M2),o, where the outer diameter was measured

J. Name., 2012, 00, 1-3 | 5
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as ca. 106 nm and the inner cavity was clearly observed. Figure 6B
shows the corresponding fluorescence microscope image. Different
from the poly(M1)399-b-poly(M2),, dioxane solution (Figure 6C left),
the vesicle dispersion emitted a strong fluorescence in mixed
dioxane and water (v/v = 1/4) (Figure 6C right). From the
fluorescence spectra (Figure 6D), no emission peak was observed
from the curve (black) of poly(M1)sp-b-poly(M2),, dioxane
solution. A strong emission peak, however, was shown in the curve
(red) of the resultant vesicle dispersion in water with a peak position
at 480 nm. The corresponding @ was measured as 0.22.

Spm

Polymer
—— Cylinder|

600 + D M

40|0 450 560 550 660
Wavelength (nm)

Figure 5. (A) TEM image and (B) fluorescence microscope image
of the cylindrical micelles formed from poly(M1)¢-b-poly(M2),.
(C) Pictures of the poly(M1),go-b-poly(M2);, THF solution (left)
and the resultant cylindrical micelle dispersion in mixed THF and
water (v/v = 1/4) (right). (D) Fluorescence spectra of the
poly(M1),99-b-poly(M2),, THF solution (black) and the resultant
cylindrical micelle dispersion in water (red).

Conclusively, the self-assembly morphologies from poly(M1)-b-
poly(M2) could be manipulated from spheres, to rods, and further to
vesicles simply by increasing the hydrophobic poly(M2) block
content. This trend of self-assembly morphologies varied with
poly(M1)-b-poly(M2) amphiphilicity consistently corresponds to
that from other amphiphilic diblock copolymers reported in
literature.***¢

In addition, the AIE characteristics provided a direct and
convenient method for evaluating the CMC of poly(M1)-b-poly(M2)
diblock copolymers. For doing this, fluorescence spectra were
recorded for poly(M1)-b-poly(M2) solutions in a wide
concentration range. The fluorescence intensities of AIE peak
at 480 nm were then collected to plot with the corresponding
polymer concentrations (Figure S5). Since the strong
fluorescence was emitted only when block copolymer self-
assemblies formed, The CMC could be determined from the
curve of fluorescence intensity vs. polymer concentration,
quantifying by the polymer concentration at the intersection
between the plateau and the tangent of the increase of
fluorescence intensity. By this method, the CMC was measured
as 2.26x107 mol/L, 1.01x10” mol/L, and 3.92x10"* mol/L for
poly(M1)sp-b-poly(M2), (Figure SS5A), poly(M1),0p-b-poly(M2),o

6 | J. Name., 2012, 00, 1-3

(Figure S5B),
respectively.

and  poly(M1)s39-b-poly(M2),,

(Figure S5C),

Polymer
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W

460 450 560 5‘50 660
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Figure 6. (A) TEM image and (B) fluorescence microscope
image of the vesicles formed from poly(M1);0o-b-poly(M2),.
(C) Pictures of the poly(M1);309-b-poly(M2),, dioxane solution
(left) and the resultant vesicle dispersion in mixed dioxane and
water (v/v = 1/4) (right). (D) Fluorescence spectra of the
poly(M1)349-b-poly(M2);, dioxane solution (black) and the
resultant vesicle dispersion in water (red).

Conclusions

ROMP has been demonstrated as a powerful tool to produce the
well-defined amphiphilic AIE block copolymer of poly(M1)-b-
poly(M2). The tetraphenylethene side group was designed in
poly(M1) block to endow the copolymer hydrophobicity and
AIE characteristic as well. The PEG side chains was introduced
in poly(M2) block to fulfil it hydrophilicity. By self-assembling
these novel AIE block copolymers in selective solvents, water
soluble fluorescent nano-objects were conveniently prepared
having an AIE hydrophobic poly(M1) aggregate part and a
hydrophilic poly(M2) dispersing part. Simply by changing the
block ratio of poly(M1)-b-poly(M2), the structures of the
resultant nano-objects could be manipulated from spherical
micelles to cylindrical micelles and to vesicles. As far as we
know, this is the first time using ROMP to produce AIE block
copolymers and varied fluorescent nano-objects thereof. The
methods established and the AIE materials developed in this
article should play an important role in polymer chemistry,

fluorescence sensing, and biological and optoelectronic
applications.
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