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Nano-fluorogens with mono-molecule layered structure are fabricated by self-assembly of a
new bolaamphiphile bearing tetraphenylethene moiety. The nano-fluorogens show good water-

solubility, biocompatibility, and strong emission with a quantum yield as high as 15%. The

nano-fluorogens as prepared are successfully applied to label and map the HeLa cells. The

images obtained have high contrast and resolution, showing a promising potential in the line of
fluorescence detecting in bio-related systems.

Introduction

Recently fluorescence detecting, such as bio-sensing and bio-
imaging,'” developed rapidly and attracted a great deal of
research attention, due to the requirement in the health care of
human beings. Exploring the fluorogens that are suitable for
those applications is the key issue. To date the fluorogens
available basically have three categories: Green fluorescent
protein (GFP),? inorganic quantum dots (e.g., CdSe, ZnS, and
CdS)” % and organic molecules with conjugated aromatics.'"* 2
When using GFP as a reporter of expression for morphological
differentiation, the bio-sensing process is rather complicated
and time-consuming, and the unexpected morphologies can
happen to the target cells.'* '* The quantum dots show very
good emission properties, but the inherent cytotoxicity will
limit its applications in bio-related areas.'’ Thus, the organic
materials, owing to the large variety and easy processing
feature, become high-prestige candidates as fluorogens in bio-
related detecting.

In general, due to the poor miscibility, the organic aromatics
are ready to aggregate at high concentrations or in the
unfavorable dispersing mediums. The aggregation of molecules
will usually influence the emission properties of the
fluorogens.'® For the conventional organic aromatics,'” the
emission will be quenched upon the aggregation, which
decreases the sensitivity of this methodology. On the contrary,
for a type of novel molecules reported by Tang’s group,'s2! as
well as other groups,?>?’ the emission will be enhanced by the
aggregation. This phenomenon is called aggregation induced
emission (AIE).

The molecules with AIE effect have some unique advantages
as being used in the bio-systems. First, the emission will not be
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quenched, but enhanced owing to the aggregation when being
introduced into the bio-system, and thus facilitate the
detection.> ?® Second, the emission difference at different
aggregation state can be utilized as a measure for the
morphological change of the proteins.”> Third, by alternating
the outer groups of the aggregates, the fluorogens can be
adaptable to the targets, and have low cytotoxicity to cells and
specific bonding to certain biomolecules.**?!

Increasing the water-solubility and biocompatibility of the
aggregates of AIE dyes are vitally important for application in
bio-systems.>? Tang et al. have designed AIE molecules as
soluble salts to combine with DNAs*® and proteins,29 and used
the emission to differentiate the conformation of the
biomolecules. To improve photobleaching resistance and
stability of AIE dots, AIE fluorogens which spontaneously
aggregate in aqueous media have been developed by the same
group.® Besides, fluorescent silica dots*® **37 have been
fabricated by incorporating AIE fluorogens into silica networks.
Wei’s group, as well as other groups, has separately reported
the induced fluorescence enhancement of dye molecules by
encapsulating with different micelles.***? Developing a simple
method to fabricate water-soluble, biocompatible, and low
cytotoxic aggregates with AIE dyes will facilitate the
application of such kind of fluorogens in bio-related systems. **

The ionic bolaamphiphiles with a rigid core in the middle of
the molecules showed great potential for preparing stable
nanostructures by self—'assembly.“"5 "1t played an important and
irreplaceable role in the grand and long-standing research of
biomimetic and bio-inspired materials.’>®! We hypothesize that
the marriage of AIE effect and bolaamphiphiles will lead to
stable nano-fluorogens with certain morphology, good water-
solubility and bio-compatibility.

J. Mater. Chem. B, 2014, 00, 1-3 | 1
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Fig. 1 (a) Molecular structure of TPE-11. (b) Typical fluorescence spectra of TPE-11 in aqueous solution at different concentrations; (c) plot of
fluorescence intensity vs. concentration of TPE-11 solution, and the inset is magnification of (c) in the vicinity of 1 x 10® mol L. All the fluorescence
spectra are excited at 360 nm. (d) Absorption spectra of TPE-11 in aqueous solutions with concentration of 1 x 10" mol L™, 5 x 10® mol L™ and 5 x 10°
mol L; (e) Concentration dependent conductivity of TPE-11 in aqueous solution.

In this work, we synthesized a bolaamphiphile with a
tetraphenylethene (TPE) unit attached with two pyridinium salt-
terminated alkyl groups (noted as TPE-11, Fig. la), and
investigated its self-assembly behavior. It was found that this
molecule formed mono-molecule layered nanostructures, which
showed strong emission, and were successfully applied to label
and map the HeLa cells by fluorescence.

Results and discussion

Since the emission properties of TPE are correlated to its
aggregation state, the fluorescence spectra were employed to
investigate the self-assembly behaviour of TPE-11 in aqueous
solution (Fig. 1b). When plotting the fluorescence intensity at
500 nm versus the corresponding concentration (Fig. 1c¢), two
inflections are indicated: one locates at 1.0 x 10°® mol L', and
the other at 1.8 x 10 mol L' (inset of Fig. 1c). According to
the experiences, the inflections suggest the change of the
aggregation state. The lower inflection point should correspond
to the critical micelle concentration (CMC). Above this point,
the fluorescence increases dramatically, which shows a typical
AIE property of TPE-11, and also serves as an indicator of the
aggregation. The higher inflection can be attributed to the
morphological transition of the aggregates. For convenience of
description, the second inflection is noted as critical transition
concentration (CTC). These two inflection points are further
confirmed by the UV-vis spectra and conductivity.

As the concentration is lower than the CMC, the absorption
spectrum shows a single peak at around 260 nm (Fig. 1d). Since
the aggregates are not formed yet before the CMC, the
absorption should correspond to the monomers. However, when
the concentration is between CMC and CTC, besides the peak
at around 260 nm, two new peaks appear at around 290 and 360
nm, which should be attributed to the formation of the
aggregates in the solution. The data are in accordance with that
indicated by the fluorescence results. Further increase of the
concentration did not cause significant peak shift in the
normalized absorption spectrum, as shown in Fig. 1d. The
combination of absorption and fluorescence spectra gives a
sound explanation about the mechanisms of AIE effect. The
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absorption peak at 260 nm is very close to the absorption of
phenyl groups, which has been claimed previously by Tang et
al.®? The absence of the other two peaks located at around 290
and 360 nm indicates that the TPE group is not well conjugated.
Without restriction of motions of phenyl ring, the absorbed
energy is possibly consumed by the rotation of the phenyl
groups linked to the vinyl group rather than fluorescence
emission. Above the CMC, the aggregation limits the rotation
of the phenyl groups due to the steric hindrance, thus leading to
the large conjugated structure (i.e. the bathochromic shift of
absorption), as well as the strong fluorescence.

The CTC is further confirmed by conductivity method. As
shown in plot of concentration dependent conductivity in Fig.
le, there is an inflection at 1.1 x 107 mol L', which is
comparable with the CTC indicated by the fluorescence results.
Due to the sensitivity limitation, the CMC is not detectable by
this method.

Now that the self-assembly behavior has been unraveled, the
most concern will be the morphology of the assemblies at
different concentrations. Herein, in situ atomic force
microscope (AFM) was employed to observe the adsorbed
structures at the solid / liquid interface. Since the scanning is
done in solution state, the images should reflect the
morphologies of the assemblies without damage due to the
dewetting effect. Additionally, the peak force quantitative
nanomechanical mapping (QNM) in fluid method was applied
to control the forces exerted on the tip as small as possible, in
case of causing deformation of the assemblies. As shown by the
AFM images in Fig. 2, when the concentration is between CMC
and CTC, as shown in Fig. 2a (concentration = 5 x 10 mol L™),
TPE-11 mainly forms flake-like aggregates with an average
diameter of 40 + 11 nm. When the concentration is higher than
the CTC, the flake-like structures are mostly eclongated to
hundreds of nanometers, as shown in Fig. 2b (concentration = 1
x 107 mol L™). Although both two kinds of nanostructures
were observed below and above the CTC, the population ratios
of them are different. At higher concentration, the elongated
structures are relative more.

This journal is © The Royal Society of Chemistry 2014
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Fig. 2 In situ AFM images of the aggregates formed at concentrations of (a) 5 x
10® mol L and at (b) 1 x 10° mol L. (c) Dismeared SAXS data of TPE-11 with
concentration of 5 x 10™ mol L™"; (d) guinier analysis of (c).

Small angle X-ray scattering (SAXS) is quite a useful tool to
determine the morphology of the nanostructures in solution.®
Therefore, it was used to prove that the assemblies are formed
in the solution, but not induced by the substrate as being
adsorbed on the surface. To acquire a good data of scattering, a
suitable concentration (5 x 102 mol L) is chosen for the
detection. As shown in Fig. 2¢, the form factor derived from the
plot of the scattering intensity (counts per area, /) and the
scattering vector (g) is -2, suggesting a lamellar structure in the
aqueous solution. Guinier fitting was carried out by plotting log
(Ig>) (y-axis) against ¢°> (x-axis) (Fig. 2d). The lamellar
thickness (d) can be figured out by the equation:

d = 2\/511’5, (1)

where R, is the gyration radius determined by the slop of the
fitted line. Here, the thickness of TPE-11 aggregates is 6.3 =
0.2 nm, which is comparable with the extended length of TPE-
11 molecule. This result implies that the TPE-11 molecules
should be parallel aligned in the aggregates, thus forming
mono-molecule layered structures in the aqueous solution.

Fig. 3 TEM images of the assemblies of TPE-11
concentrations: (a) 5 x 10° mol L™, (b) 1 x 10 mol L.

at different

In order to check if the self-assembled structures are stable
during the dewetting process, TEM observation was carried out.
In doing so, the solutions with certain concentration were
casted on the copper net, and imaged without staining. As
shown in Fig. 3, some flat nanostructures are obtained at the

This journal is © The Royal Society of Chemistry 2012
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concentration of 5 x 10°® mol L}, at which the nano-flakes are
observed in the AFM image (Fig. 2a). Besides, the size of the
flat structures shown by TEM is close to that shown by AFM,
indicating that the nanostructures are stable against the drying
process. In a similar way, we can conclude that the
nanostructures formed at high concentration, taking 1 x 107
mol L™ for an example in Fig. 3b, is also stable.

Quantum yield (@) is one of the characteristic parameters for
the fluorogens. In order to test the fluorescent emission
properties of the assemblies formed by TPE-11, @ at different
concentrations was measured using Rhodamine 6G as reference.
The @ of the sample can be calculated according to Equation 2,
where F is the fluorescence intensity, 77 the refractive index of
the solvent and A4 the absorbance at the excitation wavelength.®
The subscripts ‘S’ and ‘R’ are used to differentiate the sample
and reference, respectively. When using the absorbance at the
isosbestic point in the absorption spectra of the sample and the
reference, Az equals to Ag in value, and hence Equation 2 is
abbreviated as Equation 3. Since @y is known and equals to
0.95, @ can be deduced by Equation 3, as long as F and Fi
are measured. The @gs at different concentrations are plotted in
Fig. 4a. Above the CMC, @ increases with concentration, and
reaches a plateau of 15% at around 1.6 x 10~ mol L', which is
very close to the CTC of TPE-11.
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Meanwhile, the fluorescent emission properties are

investigated by confocal laser scanning microscopy (CLSM).
As shown in Fig. 4 b & c, in the concentration region of CMC -
CTC and > CTC, where the flake-like and elongated flake-like
nanostructures should be formed in the solution, bright dots and
rods are observed, respectively. The shapes reflected by CLSM
match well with the nanostructures formed in the solution.

In the following, the nano-fluorogens are used to label and
map the cells. HeLa cell is selected as the target cell for test
because of its remarkably durable and prolific property.®
Before the measurement, the HeLa cells stored in liquid
nitrogen were taken out, quickly thawed out, and cultured in
RPMI-1640 medium supplemented with 10% fetal bovine
serum (Hyclone) for 2 days. The cells were then split and
seeded on the sterilized glass slides previously placed into the
6-well plate with cover glass. The density of seeding cells was
about 10* - 10° per well. After 12 hours culture, the TPE-11
solution was added to the medium of adhesive HeLa cells on
glass with concentration of 16 ug mL™"' (1.3 x 10 mol L™"), and
continuously cultivated for 12 h, and observed by fluorescent
microscope every one hour to check if the cells are stained with
nano-fluorogens using 405 nm irradiating. When green
fluorescent cells were observed, the medium with TPE-11
solution was changed by fresh RPMI-1640. Then the cells were
washed with phosphate buffered saline twice, fixed with 4%
polyformaldehyde for 15 min at room temperature. After
fixation, the cells were washed with phosphate buffered saline
twice to clear formaldehyde. The glass slides with adhesive
cells were taken out, sealed and observed under confocal
microscope.

J. Mater. Chem. B, 2014, 00, 1-3 | 3
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Fig. 5 HeLa cells imaging with nano-fluorogens formed by TPE-11: (a) 405 nm
excitations; (b) bright field; (c) merged images. (d) Biocompatibility test: dose-
dependent cell viability of TPE-11 with HeLa cells.

Fig. 5a-c shows the CLSM images of HeLa cells with the
excitation wavelength of 405 nm. The morphologies of the cells
can be clearly discerned from the emission images of the nano-
fluorogens formed by TPE-11. The fluorescent spots can be
clearly seen in the cytoplasmic area of HeLa cells, and the
intensity at nuclei region is relatively weak. This result
indicates that the TPE-11 can readily penetrate into the HelLa
cells, but not easily enter into the nuclei, which suggests that
the nano-fluorogen has very strong interaction with cytoplasm,
but weak attachment on the nuclei.

The biocompatibility of the nano-fluorogens formed by TPE-
11 was evaluated by cell counting kit-8 (CCKS8) assay (Dojindo,
Japan). The preparation of the cells and incubation of
nanofluorogens are similar to those in the cell imaging process.
But here the concentration varied as 0.5, 1, 2, 4, 8, 16, 32 ug
mL™". The dehydrogenases in cells were directly proportional to
the number of living cells. The substrate WST-8 is reduced by
dehydrogenases in cells to give a yellowish product---formazan,
which is soluble in the cell culture medium. The measurements
of formazan absorbance were carried out at 450 nm by micro-

4 | J. Mater. Chem. B, 2014, 00, 1-3

plate reader (multiskan mk3, Thermo Scientific, USA). The
optical density values are proportional to the number of viable
cells in the medium. As shown in Fig. 5d, the viabilities of
HeLa cells were all above 98%, indicating an excellent
biocompatibility of the nano-fluorogens formed by TPE-11.

Experimental

Materials and instruments

THF, petroleum ether, methanol, concentrated H,SO,4, KOH,
dichloromethane (DCM), ethyl acetate, HCl acid were
purchased from Hangzhou Gaojing Fine Chemical Co., Ltd. 4-
Bromo-benzoic acid, 3-methyl butynol, 11-bromo-1-undecanol,
4-dimethylaminopyridine (DMAP), dicyclohexylcarbodiimide
(DCC), Pd(PPhj3),;, Cul were bought from Sun Chemical
Technology Co., Ltd, Shanghai. Triethylamine (TEA),
NaHCOj;, anhydrous sodium carbonate, and 1-butanol were
from Chinasun Specialty Products Co., Ltd. Diethyl ether was
purchased from Hangzhou Chemical Reagent Co., Ltd.

"H NMR spectra were recorded on a Bruker Advance 400 /
500 MHz. Liquid chromatography mass spectroscopy (LC-MS)
analyses were performed on Aglient 1200/6220 with ESI
resource produced by Agilent Technologies (USA). The
fluorescence spectra were measured on Cary Eclypse
Fluorescence Spectrometer manufactured by Varian Company,
USA. The UV-vis spectra were recorded on Cary 60
spectrometer produced by Agilent Technologies (USA). The
conductivities were measured with a digital conductivity
instrument (DDS-307, Shanghai, P. R. China) at 25 °C.

The AFM images were taken on a multimode 8 microscope
(Bruker, USA). Peak force QNM in fluid scan mode with
ScanAsyst-Fluid" probe (nominal spring constants 0.7 N m™',
frequency 120-180 kHz) purchased from Bruker was used
during the in situ scanning. The data shown in the paper were
processed with first order flatten and no more modification.
SAXS (SAXSess mc2, Anton Paar GmbH, Austria) was used to
get scattering data of aggregates in solution.

TEM was performed on Hitachi HT7700 (Japan) operating at
120 kV. 10 pL of the sample solution was placed onto a carbon-
coated copper grid, and then the grid was dried in vacuum. The
fluorescence images of the nano-fluorogens were taken on
Leica TCS SP5 II (Germany).

In the cell imaging experiment, the sterilized glass slides
were IWAKI PLL-coated cover glass, ASAHI Techno, Japan.
Olympus fluorescent microscope (Japan) was employed to
monitor the growth and labeling of the cells, and STP6000

This journal is © The Royal Society of Chemistry 2014
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confocal microscope (LEICA, Germany) was used to record the
cell images.

Synthesis of methyl 4-bromobenzoate (compound A) 4-
Bromobenzoic acid (5.0 g, 24.9 mmol) was dissolved in 150
mL methanol. Then concentrated sulfuric acid (6 mL) was
added dropwise with stirring, and the mixture was refluxed for
12 h. After cooling down, the solvent was removed under
reduced pressure. The residue was disolved in DCM,
neutralized with saturated NaHCOj; solution, and dried with
rotavapor to get a white solid. Yield: 4.9 g, 91%. oy (500 MHz;
CDCl3; TMS): 7.91 (2H, d, J = 8.5 Hz, Ar-H ortho to COO),
7.59 (2H, d, J = 8.5 Hz, Ar-H meta to COO), 3.93 (3H, s,
COOCH;).

Synthesis of methyl 4-(3-hydroxy-3-methylbut-1-yn-1-
yl)benzoate (compound B) Compound 4 (4.6 g, 20.0 mmol)
and 2-methyl-3- butyne-2-ol (2.9 mL, 30.0 mmol) were added
to a mixed solvent of anhydrous THF (100 mL) and TEA (6
mL). Meanwhile, Pd(PPh;),Cl, (140 mg , 0.2 mmol) and Cul
(40 mg, 0.2 mmol) were dissolved in the solution. After stirring
for 1 h under argon atmosphere at room temperature, the
mixture was refluxed for another 12 h. The resulting solution
was neutralized with saturated NaHCOj; solution, extracted with
DCM, and purified by SiO, column chromatography to give a
buff solid. Yield: 3.4 g, 79%.6y (400 MHz; DMSO-dg; TMS):
7.94 (2H, d, J = 8.4 Hz, Ar-H ortho to COO), 7.52 2H, d, J =
8.4 Hz, Ar-H meta to COO), 5.57 (1H, s, OH), 3.86 (3H, s,
COOCH;), 1.47 (6H, s, C=CC(CH3),0OH).

Synthesis of 4-ethynylbenzoic acid (compound C) Compound
B (4.0 g, 18.4 mmol) and KOH (10.2 g, 184.0 mmol) were
dissolved in 60 mL butanol. The mixture was cooled down with
ice bath after being refluxed for 10 min. The crude product,
after filtration, was added to HCI acid solution with pH = 2, and
then stirred for 2 h. The product was separated with extraction
to get a yellow solid. Yield: 1.8 g, 68%. 3y (400 MHz; DMSO-
de; TMS): 13.12 (1H, s, COOH), 7.94 (2H, d, J = 6.4 Hz, Ar-H
ortho to COO), 7.60 (2H, d, J = 6.4 Hz, Ar-H meta to COO),
4.46 (1H, s, HC=C).

Synthesis of 11-bromoundecyl 4-ethynylbenzoate
(compound D) Compound C (2.0 g, 13.7 mmol) and 11-
bromo-1-undecanol (3.1 g, 12.4 mmol) were dissolved in 60
mL THF with DMAP (2 mg, 16.4 pmol). DCC (384 mg, 1.9
mmol, 15%) in 20 mL THF was added dropwise to the solution
with ice bath and argon protection, and the reactants was stirred
for 3 days at room temperature. The precipitate was filtrated,
and the crude product was purified by SiO, column
chromatography to give a white solid. Yield: 1.6 g, 31%. &y
(400 MHz; DMSO-dg; TMS): 7.92 (2H, d, J = 6.8 Hz, Ar-H
ortho to COO), 7.48 (2H, d, J = 6.8 Hz, Ar-H meta to COO),
4.24 (2H, t, J = 5.2 Hz, CH,00C), 3.33 (2H, t, J = 5.2 Hz,
CH,Br), 3.17 (1H, s, HC=C), 1.78 (2H, m, CH,CH,00C), 1.69
(2H, m, CH,CH,Br), 1.37-1.21 (14H, m,
CHZ(CH2)7CH2CH2BI').

Synthesis of 1,2-bis(4-bromophenyl)-1,2-diphenylethene
(compound E) 4-Bromobenzophenone (500 mg, 1.9 mmol)
and Zn (620 mg, 9.6 mmol) were added into morokuchi flask.
Under nitrogen protection, 40 mL THF was add to the flask.
Then TiCl, (0.3 mL, 2.6 mmol) was added at -78 °C, and kept
stirring for 30 min. After being stirred at room temperature for
30 min, the reactant was refluxed for 7 h. The result product
was extracted by DCM and then purified with SiO, column
chromatography. Yield: 790 mg, 85%. 8y (400 MHz; DMSO-d;
TMS): 7.37-7.31 (4H, m), 7.18-7.11 (6H, m), 7.00-6.90 (8H, m).
Synthesis of bis(11-bromoundecyl) 4,4'-(((1,2-
diphenylethene-1,2-diyl)bis(4,1-phenylene))bis(ethyne-2,1-

This journal is © The Royal Society of Chemistry 2012
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diyl))dibenzoate (compound G) Compound D (622 mg, 1.6
mmol) and compound E (400 mg, 0.8 mmol) were added into
50 mL of THF, with existence of Pd (100 mg, 10%) and Cul
(20 mg, 10%). Under the protection of argon, S mL TEA was
added with stirring, and refluxed for 10 h. The resulting product
was extracted with DCM and purified with SiO, column
chromatography to give a yellow solid. Yield: 44 mg, 5%. dy
(400 MHz; DMSO-dg; TMS): 7.92 (4H, d, J = 8.1 Hz, Ar-H
ortho to COO), 7.46 (4H, q, Ar-H meta to COO), 7 .22 (4H, t, J
= 8.2 Hz, ), 7.07-7.04 (6H, m), 6.95 (8H, t, J = 8.2 Hz), 4.24
(4H, t, J = 6.5 Hz, CH,00C), 3.34 (4H, t, J = 6.9 Hz, CH,Br),
1.77 (4H, t, J = 7.2 Hz, CH,CH,00C), 1.68 (4H, t, /= 6.9 Hz,
CH,CH,Br), 1.18-1.36 (28H, m, CH,(CH,),CH,CH,Br).
Synthesis of 1,1'-(((4,4'-(((1,2-diphenylethene-1,2-
diyl)bis(4,1-phenylene))bis(ethyne-2,1-diyl))bis(benzoyl))bis
(oxy))bis(undecane-11,1-diyl))bis(pyridin-1-ium) bromide
(TPE-11) Compound G (200 mg, 0.2 mmol) was added into 50
mL of pyridine and refluxed at for 2 days. After removing the
solvent, the product was washed with ethyl ether for 5 times.
Yield: 180 mg, 75%. 'H NMR spectrum is shown in Fig. S1 in
the supporting information. 8y (500 MHz; DMSO-ds; TMS):
9.10 (4H, d, J = 5.8 Hz, Ar-H ortho to N" ), 8.61 2H, t,J=7.5
Hz, Ar-H para to N"), 8.16 (4H, t, J= 6.5 Hz, Ar-H meta to N*),
7.97 (4H, t, J = 6.4 Hz, Ar-H ortho to COO), 7.67 (4H, d, J =
8.2 Hz, Ar-H meta to COO), 7.39 (4H, q, J = 8.2 Hz), 7.22-7.17
(6H, m), 7.07-7.00 (8H, m), 4.59 (4H, t, J = 7.3 Hz, CH,00C),
4.28 (4H, t, J = 6.4 Hz, CH,Br), 1.91 (4H, d, J = 6.5 Hz,
CH,CH,000), 1.71 (4H, t, J = 6.6 Hz, CH,CH,Br), 1.39-1.26
(28H, m, CH,(CH,),CH,CH,Br); MS (ESI) m/z: [M-2Br]*"
calcd: 542.305; found: 542.308.

Conclusions

Through marriage the AIE effect and self-assembly of
bolaamphiphiles, the mono-molecule layered nanostructures
with good fluorescent emission properties have been achieved.
It has been proven that the assemblies formed in the aqueous
solution have two distinct mophologies depending on the
concentration, and both are stable enough against the dewetting
process. Due to the AIE effect, the self-assembled
nanostructures emit strong green light and show quantum yield
as high as 15%. More importantly, the nano-fluorogens can
label HeLa cells without assist of any matrix and be
successfully used to map the cell image by fluorescence. This
work opens a novel avenue to fabricate water-soluble and
biocompatible nano-fluorogens by self-assembly, and is
anticipated to be extended to other AIE dyes and other bio-
related detecting systems.
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Text:
Water-soluble nano-fluorogens are fabricated by self-assembly of a bolaamphiphile with AIE

properties, and successfully applied in cell imaging.
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