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ABSTRACT: Molecules displaying aggregation-induced emission (AIE) property can hardly self-assemble into vesicles desired
in design of theranostics. We report the formation of metallo-organic AIE vesicles with triarylamine carboxylate (TPA-1) and
Zn2+ ions. TPA-1 shows a great binding affinity to Zn2+ as a fluorescence turn-on sensor. The vesicles exhibited high
fluorescence-emission property under two-photon mode which endows them very good cell imaging ability. Drug-loading
experiments suggest a loading capacity for the model anticancer drug 5-fluorouracil (5-Fu) can reach up to 53.4%, and sustained
release of the drug is possible in biological environment. This is the first report of supramolecular coordination fluorescent
vesicles based on AIE molecule. Further study reveals the fluorescence enhancement of TPA-1 can only be triggered by Zn2+,
suggesting the ability of specific detection of Zn2+. This study indicates that the formation of metallo-organic vesicles can be a
multiplatform for cell-imaging, drug carrier, and metal ions detection.
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1. INTRODUCTION

The last decade has witnessed the rapid development of
aggregation-induced emission (AIE).1−3 Molecules displaying
AIE ability are usually nonplannar, where intromolecular
motion results in nonradiating energy decay. For this reason,
these molecules are non or weakly emissive in solution, but
become highly luminescent in the condensed state because of
the suppression of the intramolecualr motions.1 This unique
AIE property overcomes the notorious aggregation-caused
quenching (ACQ) effect that conventional fluorescent
molecules normally suffer in their aggregated or solid state,4

and makes the AIE-active molecules promising candidates as
“turn-on” fluorescent probes,5 sensors,6 bioimaging agents,7

and even key components of electronic devices.8

However, the biggest drawback of the nonplanar topology of
AIE active molecules is their poor ability of self-assembling, so
that well-defined fluorescent nanostructures based on AIE

molecules are very rare among thousands of AIE molecules ever
created.5,9−12 With regard to various fluorescent nanostruc-
tures, fluorescent vesicles are most attractive because of their
great potential in fabricating theranostics that display both
diagnostic and therapeutic characteristics.13−15 It is extremely
difficult to directly use AIE dyes to construct vesicles, because
the nonplanar structure cannot pack densely into membrane
structure required for vesicle formation. To accomplish this
problem, Li et al.16 constructed a bola-form AIE molecule with
two bulky hydrophobic groups covalently linked to the
opposite position of the TPE core, which results in formation
of the first case of vesicles with built-in fluorescence.
Unfortunately, organic solvent has to be used in Li’s vesicle
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due to the poor water solubility aroused by the bulky
hydrophobic group. It is highly desired to develop fluorescent
vesicles in aqueous media for biological applications.
In our previous work, we proposed a straightforward ionic

supra-amphiphilic method for production of fluorescent vesicles
in aqueous media based on a propeller-shaped multiarmed AIE
dye.17,18 The voids between every two leaflets of the propellers
can be efficiently filled by the hydrocarbon chain of the
oppositely charged ionic amphiphiles, so that the supra-
molecular ionic complex can self-assemble into vesicles via
enhanced hydrophobic effect. In an alternative design of Sessler
et al.,19 hydrophilic heads were endowed to a bola-type
hydrophobic AIE dye via host−guest interaction, which results
in water-soluble fluorescent vesicles. Nevertheless, the strategy
of construction of supra-amphiphiles bypasses the difficulty in
synthesis of water-soluble amphiphilic AIE molecules, and
opens up a broad avenue toward AIE-based theronostic
nanocarriers. However, so far, successful construction of
fluorescent vesicles based on AIE fluorogens is still very rare.
In this work, we report the unprecedented metallo-organic

vesicles based on the AIE active molecule potassium triphenyl-
amine carboxylate (Scheme 1a). Triphenylamine (TPA) is an
important structural motif in generating turn-on fluorescence
for biological applications, such as biosensors and cell
imaging.20,21 This molecule takes triangular cone conformation
with the N atom being the summit of the cone. The three C−N
single bonds are freely rotatable which dissipates the absorbed

energy just like other propeller-shaped AIE motif.1 The
fluorescence of the TPA motif can be facilely turned on
through covalent or noncovalent functionalization which is
sufficient to block the intramolecular rotation of phenyl
rings.22,23 In contrast to the tedious organic modification, we
show that the simple TPA derivative of potassium triphenyl-
amine carboxylate can be specifically triggered by zinc ions to
form unprecedented robust metallo-organic fluorescent vesicles
(Scheme 1b). The vesicle is resistant to collapse on drying, and
displays two-photon emission ability. Elemental analysis and
mass spectrum study reveal that the vesicle membrane is
composed of the metallo-organic complex of Zn(TPA-1)2.
Drug-loading experiments suggest that a high loading capacity
up to 53.4% can be achieved for the model anticancer drug 5-
fluorouracil (5-Fu), and a gradual release of the drug is possible
within 3 h. The vesicles loaded with drugs can be facilely taken
up by cells via endocytosis, and the two-photon emission can
be used to track the cell living status. Interestingly, the strong
fluorescent vesicle can only be triggered by Zn2+. The specific
interaction with Zn2+ is not interfered by other metal ions, and
the considerable fluorescent enhancement of TPA-1 is still
detectable even at concentrations of Zn2+ down to several uM.
Therefore, the present metallo-organic vesicles of 2TPA-1@
Zn2+ is a multifunctional platform of cell imaging, drug loading,
delivery tracking, and as well as a “turn-on” sensor for specific
and quantitative detection of Zn2+.

Scheme 1. (a) Molecular Structures of TPA-1; (b) Illustration of the Self-Assembly of TPA-1/Zn2+ Fluorescent Vesicle Which Is
Capable of Drug Loading and Displays Two-Photon Excited Emission

Scheme 2. Synthesis Procedure of TPA-1
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2. RESULTS AND DISCUSSION

Potassium 4-carboxytriphenylamine (TPA-1) (Scheme 2) was
synthesized according to literature method.24 The pKa of the
acid form of the 4-carboxytriphenylamine is 7.1, and TPA-1 can
form a transparent solution in water at pH >7.1. No Tyndall
effect could be observed for solutions below 1.0 mM. These
dilute solutions give very weak fluorescence with a broad peak
centered at 495 nm (Figure 1a). However, upon addition of the
aqueous solution of Zn(NO3)2, significant fluorescence
enhancement was observed, which is accompanied by the
occurrence of strong Tyndall phenomenon. This means
addition of Zn2+ has triggered aggregation of the TPA-1
molecule. Fluorescence measurements reveal that the emission
is blue-shifted to 460 nm (Figure 1a), and the quantum yield of
TPA-1 is enhanced 18 folds (from Φfree = 0.0147 to ΦZn

2+ =
0.266). Compared to the UV−vis absorbance of TPA-1 peaked
at 323 nm, the addition of Zn2+ triggers a red-shift of the
absorbance to 335 nm (Figure 1b). The mirror relation of the
shift in the fluorescence and in the UV−vis absorption indicate
that binding of Zn2+ has changed the energy level of TPA-1 and
the light adsorbed by the TPA-1/Zn2+ system is relaxed

completely in the form of photon. In line with this, an isosbestic
point occurs at 273 nm in the UV−vis spectra with increasing
the amount of Zn2+ in the system, confirming the formation of
a new species different from TPA-1. Meanwhile, the absorbance
at wavelengths beyond 350 nm does not fall back to the
baseline (Figure 1b), indicating the newly formed species have
triggered the formation of colloidal particles which scatter light
strongly. This is in perfect agreement with the observation of
Tyndall phenomenon and increased turbidity (Figure S1) in
the samples.
DLS measurements suggest the colloidal particles have an

average hydrodynamic radius (Rh) around 70 nm (Figure 2a).
TEM observation discloses the formation of hollow spherical
particles in the 0.5 mM TPA-1 system as the concentration of
Zn2+ is varied between 0.1−0.3 mM, indicating these structures
are vesicles, which are stable over 1 week. Lower concentration
of Zn2+ makes it difficult to find vesicles under TEM, but DLS
measurements reveal there are still particles of the same size
(Figure S2a). It is possible that the number of the vesicles is
reduced at lower Zn2+ concentration. However, further increase
the concentration of Zn2+, for instance, to 0.4 mM, causes

Figure 1. (a) Fluorescence spectra of 0.5 mM TPA-1 upon addition of Zn2+ at various concentrations (0−0.3 mM). (b) UV spectra of 0.5 mM TPA-
1 with varied Zn2+ concentrations (0−0.3 mM). The pH remained at 7.4 for all the measurements.

Figure 2. (a) DLS size distribution of the vesicles formed in the TPA-1/Zn2+ systems with varying the molar ratio between TPA-1 and Zn2+. The
concentration of Zn2+ changes from 0.1 mM to 0.3 mM at a fixed concentration of 0.5 mM TPA-1. (b, c) TEM images of the vesicles formed in the
TPA-1/Zn2+ systems of (b) 0.5/0.1 mM and (c) 0.5/0.3 mM. (d) HAADF-STEM image of a TPA-1/Zn2+ vesicle. The inset is HAADF-STEM-EDS
linear scan profile for the element Zn2+ in the vesicles in d. pH is set at 7.4 for all the systems.
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precipitates. SEM observation reveals the occurrence of cross-
linking of the vesicles (Figure S2b). Therefore, in the following
study, the Zn2+ concentration of 0.3 mM is used to fabricate
vesicles because this is optimal condition to obtained stable and
populated vesicles. Notice that all these vesicles have walls with
exclusively high electron contrast without any staining, so that
the thickness of the walls can be directly read from the TEM
images to be about 20 nm (Figure 2b, c and Figure S3a, b). It is
noticed that both the wall thickness and the size of the vesicles
are similar under different Zn2+ concentrations, suggesting that
vesicles can only be formed by the TPA-1/Zn2+ complex. High
angle annular dark field scanning electron microscope
(HAADF-STEM) measurement reveals that the zinc element
is rich in the vesicular wall (Figure 2d), which explains the
extremely high contrast of the vesicle wall under TEM.
The presence of Zn2+ in the vesicle wall indicates that the

vesicles are self-assembled from the metallo-organic complex
formed by TPA-1 and Zn2+. To get more insight about the

interaction between TPA-1 and Zn2+, X-ray photoelectron
spectroscopy (XPS) measurements were performed. Figure 3a
shows that the binding energy for Zn 2p electrons is decreased
by 0.5 eV and that for the O 2p electrons is increased by 0.9 eV
(Figure 3b), whereas no obvious binding energy shift appear in
the N 2p electrons (Figure 3c). These data verify that the zinc
ion is bound to the oxygen of the carboxylate group in TPA-1.
However, FT-IR measurements (Figure 3d) reveal that the
asymmetric (1540 cm−1) and symmetric (1422 cm−1)
stretching vibration of CO does not change significantly,
but the relative intensity of the two peak changes drastically,
suggesting Zn2+ has electrostatically interacted with the
−COO− group. This means there should be the charge neutral
2TPA-1@Zn2+ building block in the vesicles. Such a scenario is
further confirmed with energy-dispersive X-ray spectroscopy
(EDX) and mass spectrometry analysis. EDX measurement
(Figure S4) demonstrates that the molar ratio between TPA-1
and Zn2+ is close to 2:1, whereas a peak at m/z = 679.63,

Figure 3. (a−c) The XPS measurement of the binding energy of electrons for (a) Zn 2p, (b O 1s), and N 1s orbitals, respectively, in the TPA-1/
Zn2+ system. Corresponding control experiments made with the single system of Zn2+ and TPA-1 are provided for each measurements. All the
samples in a−c are deposited on silicon substrates. (d) FT-IR spectra of the TPA-1 (black) and TPA-1/Zn2+ (red). TPA-1/Zn2+ = 0.5/0.3 mM for
all the measurements.

Figure 4. (a) PXRD patterns of the TPA-1/Zn2+ system on glass sheet, (b) illustration of the formation of bilayer structure with TPA-1 and Zn2+

that further stacks into vesicle membrane, and (c) illustration of the structure of a multilamellar vesicle.
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corresponding to [(2TPA-1@Zn2+)K]+, is clearly observed in
the Mass spectrometry (see Figure S5) for the Zn(TPA-1)2
complexes. It is noteworthy that the 2:1 complex is observed
for the TPA-1/Zn2+ systems prepared at different starting ratios
(see Figures S6 and S7), conforming that the vesicles are
formed by the charge neutral complex of 2TPA-1@Zn2+. It is
possible that the neutral 2TPA-1@Zn2+ has enhanced hydro-
phobic effect compared to the charged TPA-1 monomer, so
that vesicle formation becomes possible in the 2TPA-1@Zn2+

system.

Powder X-ray diffraction (PXRD) measurements of TPA-1/
Zn2+ provide insights about the molecular arrangement in the
vesicle membrane. The PXRD pattern (Figure 4a) of 2TPA-1@
Zn2+ vesicles shows a set of peaks corresponding to the d-
spacing of 2.24 nm, 1.12 nm, 0.75 nm, 0.45 and 0.23 nm,
featuring the 001, 002, 003, 005, 0010 diffractions of a perfect
lamellar structure. The distance corresponding to the intense
001 diffraction is 2.24 nm, which is two times of the length of
the Zn(TPA-1)2 molecule. This means the tail-to-tail arranged
bilayer of Zn(TPA-1)2, as illustrated in Figure 4b, is the basic

Figure 5. (a) AFM image of the vesicles formed in the TPA-1/Zn2+ (0.5 mM/0.3 mM) system. (b) Height profile of the circled vesicle membrane in
a. (c) 1H NMR spectra of the 0.5 mM TPA-1 with addition of 0.0−0.3 mM Zn2+. (d) CLSM image for the vesicles formed in the TPA-1/Zn2+

system at pH 7.4 excited under 405 nm laser.

Figure 6. Two-photon emission properties of the 0.5 m TPA-1/0.3 mM Zn(NO3)2 system.(a) The upconversion PL spectra obtained at various
excitation intensities, λex: 730 nm; (b) The linear relationship between the PL intensity and excitation power (mW); (c)-(e) Fluorescence image of
the vesicles observed under two-photon excitation mode. (c) Image collected in the range of 420−475 nm; (d) image collected in the range of 500−
550 nm; (e) the overlap of c and d, λex: 800 nm. Scale bar: 1 μm.
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structural unit of the vesicle membrane. However, we believe
there should be some extra TPA-1 molecules coassemble with
the Zn(TPA-1)2 complex to form vesicles, because the zeta
potential for the vesicles is in the range of −41 to −33 mV
(Table S1). Recalling the 20 nm membrane thickness, we are
confident that the vesicles are predominantly multilamellar, as
illustrated in Figure 4c.
The metallo-organic vesicles formed by Zn(TPA-1)2

complex is very robust. AFM measurements (Figure 5a)
indicate that the height of the dried vesicles can be 85.3 nm
(Figure 5b), which is very close to the diameter of the vesicles
obtained in TEM and DLS measurements, suggesting the
vesicles are very stiff so that they do not collapse upon drying.
This is further verified by 1H NMR measurements. Figure 5c
shows that upon addition of Zn2+ to the aqueous solution of
TPA-1, the signal for the protons on the benzene ring vanish
gradually, indicating the TPA-1 molecules assembled very
tightly in the vesicle membrane. CLSM observation reveals that
these metallo-organic vesicles display strong fluorescence
(Figure 5d), suggesting the origin of the fluorescence
enhancement of TPA-1 is the formation of fluorescent vesicles.
Interestingly, as the excitation wavelength is doubled, the

fluorescence from 2TPA@Zn2+ vesicles is observed as well
(Figure 6a). In line with this, the slope of the linear excitation
power−emission intensity plot is nearly 2 (Figure 6b),
indicating the metallo-organic vesicles are capable of two-
photon emission. The two photon absorption cross-section of
TPA-1/Zn2+ is about 7.3 GM (1 GM = 1 × 10−50 cm4 s per
photon, λex: 730 nm), which is applicable for imaging.25 In
contrast, two-photon process for the single TPA-1 system is not
possible, as is revealed by the slope of 1 in Figure 6b. Figure
6c−e demonstrate the vesicles observed under two-photo
emission mode. As the excitation is set at 800 nm, fluorescent
particles can be observed both in the channel of 420−475 nm
(Figure 6c) and 500−550 nm (Figure 6d), which are within the
emission range of TPA-1.

Next, the two-photon emitting vesicles were tested for cell
imaging. HaLa cells were incubated in solution containing the
vesicle of 2TPA-1@ Zn2+ for 12 h, and two photon microscopy
images were then obtained by exciting the probes with a mode-
locked titanium−sapphire laser source set at wavelength 800
nm. Green and red emissions were clearly observed in the
channel of 420−475 nm and 500−550 nm (Figure 7a−c),
confirming the excellent two-photon imaging ability of the
metallo-organic vesicles in Figure 6. Note that Figure 7c reveals
that the color Figure 7A is not fully overlap with 7B. The
possible reason is the wavelength dependent scattering of light
by organelle in cells. Enlarged CLSM image indicates the
fluorescence is homogeneously distributed in the cytosol
(Figure 7d). It is possible that some organelle specifically
scatters the green or the red component of the emission.
Nevertheless, it is very amazing that the negatively charged
vesicles have entered HaLa cells without any difficulty, since
one would expect the negatively charged membrane of HaLa
cells would repel the cocharged vesicles. We assume the zinc
ions on the surface of the vesicles may help to coordinate to the
carboxylate groups on the cell surface, which facilitates
endocytosis process.
Drug loading tests of the vesicles was made using the model

drug 5-Fluorouracil (5-Fu), a small water-soluble antimetabolite
compound that can prevent tumor-cell pyrimidine nucleotide
synthesis. 5-Fu was added into the aqueous suspension of
Zn(NO3)2, then TPA-1 was added to form vesicles. TEM
observation (Figure 8a) indicates that 5-Fu does not affect the
vesicular structure of 2TPA-1@Zn2+, and HAADF-STEM
measurement reveals the presence of F element in the interior
of the vesicles (Figure 8 b,c), verifying that 5-Fu has been
successfully entrapped into the vesicles.
Encapsulation efficiency measurements suggested that about

53.4% (w/w) of 5-Fu was encapsulated in the 2TPA-1@Zn2+

vesicles. Although this value is not the highest drug loading
ability through literature reports, it is nearly comparable to the

Figure 7. Two-photon Hela cell image following a 12 h treatment with TPA-1/Zn2+ (50 μM, 2:1 ratio). (a) Emission wavelength from 420 to 475
nm. (b) Emission wavelength from 500 to 550 nm. (c) Overlay of a and b. Scale bar: 100 μm. (d) Enlarged image from a. Scale bar: 50 μm. λex: 800
nm.

Figure 8. (a) TEM images of TPA-1/Zn2+ (0.5 mM/0.3 mM) vesicles loaded with 5-Fu; (b)HAADF-STEM image of TPA-1/Zn2+ vesicles loaded
with 5-Fu; (c) HAADF-STEM-EDS linear scan profile for the element F in 5-Fu in the vesicles in b. pH is set at 7.4 for all the systems.
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drug loading efficiency obtained in coassembly of drug with
other molecules.26 Releasing experiments (Figure 9a) reveal
that the drug release from 2TPA-1@Zn2+ vesicles can be
divided into three phases: (1) the sudden release phase within
20 min; (2) the gentle release phase within 3 h; and (3) the
slow release phase last to 6 h. In practice, the sudden release of
drug in the body can quickly reach an effective therapeutic
concentration,27,28 and the gentle and slow releases allow the
drug in the body to remain at the effective therapeutic
concentration range. This initial rapid drug release is
contributed by the 5-Fu molecules adsorbed on the surface of
2TPA-1@Zn2+ vesicles, whereas the gentle and slow release is
from the 5-Fu molecules entrapped in the interior of the 2TPA-
1@Zn2+ vesicles. The final releasing efficiency in pH 5.8, an
environment similar to cancer cells,29 can be 83%, whereas that
in the normal cell pH 7.4 environment is about 76%. Although
the pH dependence is not significant, the drug releasing can still
be enhanced in acidic pH, suggesting the present vesicles may
be potentially used in cancer therapy.
Next, the two-photon emissive vesicle loaded with 5-Fu was

used to monitor the therapeutic efficiency toward cancer cells
(Figure 9b). First of all, the cytotoxicity of the unloaded vesicles
was evaluated by MTT assay. After 24 h incubation with Hela
cells, no obvious toxicity was observed as the concentration of
Zn(TPA-1)2 complex ranges from 0 to 12.5 μg/mL, indicating
the good biocompatibility of the 2TPA-1@Zn2+ vesicles. In
contrast, the cancer cell viability is significantly reduced when
treated with the 2TPA-1@Zn2+ vesicles loaded with 5-Fu; and
the cell viability is even lower than those treated only with 5-Fu,

suggesting the sustained releasing of 5-Fu from the 2TPA-1@
Zn2+ vesicles have enhanced the therapeutic effect of 5-Fu.
Finally, we found the Zn2+ triggered vesicle formation can

also be a fluorescent platform for specific detection of Zn2+ in
water. In recent years, fluorescent detection has attracted
intensive attention because of its simplicity, high sensitivity and
intracellular bioimaging capacity.30−32 In the present study,
significant fluorescence enhancement of TPA-1 was observed
only for Zn2+. Figure 9a shows that other metal ions, such as
Fe2+, Co2+, Ni2+, Cd2+, Mg2+, Sr2+, Ba2+, Pb2+, Hg2+, K+, Ag+,
Fe3+, can hardly trigger strong fluorescence of TPA-1 (Figure
10a, b), indicating the specific interaction between TPA-1 and
Zn2+. Note that Cd2+ exhibits some enhancement of the
fluorescence since these two elements are in the same group of
the periodic table and show similar coordination effect with
many chemosensors.33,34 Fortunately, the interference of Cd2+

is negligible in living cells because the level of Cd2+ is much
lower than Zn2+ there.35 Surprisingly, the specific detection of
TPA-1 for Zn2+ is not interfered by other metal ions. Even in
the presence of ions that are able to quench the fluorescence,
such as Cu2+, Fe2+, Fe3+, Pb2+, and Hg2+, addition of Zn2+ still
triggers drastic fluorescence enhancement (Figure S8). We
infer the high selectivity for vesicle assembly in the presence of
Zn2+ is caused by the proper size and binding orbital of Zn2+,
which allows two TPA-1 molecules to form dimers, such that
the dimmers can pack densely and further self-assemble into
vesicles.
The fluorescence of TPA-1 displays linear dependence on

the concentration of Zn2+ is one of the essential element in
living organisms, the level of Zn2+ in biological systems are

Figure 9. (a) Drug release profiles for 2TPA-1@Zn2+ fluorescent vesicles at pH 7.4 (blue), pH 5 (red) and only 5-Fu (black). (b) Viabilities of Hela
cells in the presence of TPA-1/Zn2+ (A), TPA-1/Zn2+/5-Fu (B). and 5-Fu (C), as assayed by MTT.

Figure 10. (a) Photos of 0.5 mM TPA-1 solution in the presence of different metal ions under irradiation of UV light (365 nm), (b) fluorescence
intensity of TPA-1 (0.5 mM) with different metal ions (0.2 mM). (c) Dependence of fluorescence intensity of TPA-1 on the concentrations of Zn2+

at pH 7.4.
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much higher than the aforementioned metal ions.36−38 The
linear fluorescence titration of TPA-1 with Zn2+ in aqueous
(Figure 10c) afforded the binding constant between TPA-1 and
Zn2+, Ka = 3.9 × 106 M−2 (see the Supporting Information for
calculation, Figure S9),39,40 which is comparable to the
reported excellent Zn2+ sensors.41 The detection limit for
Zn2+ is estimated as low as ∼0.76 μM using the equation of CDL
= 3Sbm

−1 (defined by IUPAC, where Sb is the standard
deviation from 10 blank solutions, and m represents the slope
of the calibration curve).42 Such a low detection limit for Zn2+

falls far below the normal concentration level of Zinc ion in
human body (about 10 μM).43 Therefore, we expect that TPA-
1 can be used as a “turn-on” biosensor for specific detection of
Zn2+ in biological systems.

3. CONCLUSIONS

In summary, we show in this work a case of metallo-organic
fluorescent vesicle based on a simple triarylamine carboxylate
AIE molecules TPA-1. Zn2+ ions electrostatically interact with
the PTA-1 molecule to form a Zn(TPA-1)2 complex, which
further self-assemble into vesicles. The TPA-1 molecules are
firmly confined in the vesicle membrane, thus displaying
aggregation-induced emission. The condensed membrane also
allows two-photon emission, which makes the vesicles excellent
cell imaging agent. In combination with the ability of drug
loading, the fluorescent vesicles immediately display theranostic
ability. We expect that with supramolecular strategy, AIE
modecules can be made into fluorescent vesicles, which opens
up a new avenue for the fabrication theranostics. Furthermore,
since the fluorescence is highly dependent on the electronic
structure of metal ions, this strategy may simultaneously
suitable for fabrication of sensors toward specific detection of
metal ions. We believe that this study provides a versatile
platform for cell imaging, drug carrying, and metal ion
detection.
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