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ective ratiometric fluorescent
probe based on AIE luminogen functionalized
coordination polymer nanoparticles†

Na Lin, Qin Zhang, Xin Xia, Mengyu Liang, Shihong Zhang, Liyan Zheng, * Qiue Cao*
and Zhongtao Ding

Coordination polymer nanoparticles (CPNs) formed by self-assembly of metal ions (or clusters) and organic

bridging ligands through coordination bonds provide a unique platform for designing multifunctional

nanoparticles. In this work, we report a ratiometric fluorescent probe for Zn2+ based on CPNs, which

were prepared from AIE fluorophore HDBB molecules with metal ions. The CPNs are composed of

HDBB molecules with Tb3+ (named Tb-HDBB-CPNs) which displayed a matrix coordination-induced

emission peak at a wavelength of 590 nm, while CPNs formed by HDBB molecules and Zn2+ (named

Zn-HDBB-CPNs) showed a distinctive fluorescent property with a blue emission peak wavelength of

470 nm. Based on the cation exchange process of Tb-HDBB-CPNs with Zn2+, a highly selective

ratiometric fluorescent probe for the determination of Zn2+ in aqueous solution was developed with

a linear range from 0.1 to 60 mM and a detection limit of 50 nM. Our approach using AIE molecules as

organic ligands for the construction of CPNs paves a way toward AIE functionalized materials with

ratiometric fluorescence response and will find wide applications in chemical sensing.
1. Introduction

Coordination polymer nanoparticles, which are made from
metal ions (or clusters) connected by organic ligands, have
attracted growing interest because of their structural tailor-
ability with different morphologies and physicochemical prop-
erties.1,2 To date, CPNs have been widely studied for their
potential applications in gas storage and separation, heteroge-
neous catalysis, chemical sensing, biomedical imaging and
drug delivery.3–11 Nevertheless, the rational design of functional
coordination polymers nanoparticles is still in an premature,
primary stage.12 Fluorescent CPNs have demonstrated their
considerable potential in chemical sensing because of their
hybrid structures that can offer tunable uorescence and have
been investigated in the determination of ion, drug and enzyme
activity.13–16 However, the development of uorescent CPNs has
suffered from the problem of aggregation-caused quenching
(ACQ), in which chromophores that show high uorescence
quantum yields in dilute solutions become nonuorescent in
the colloidal or solid state, where intermolecular interactions,
such as p-stacking, oen cause self-quenching.17,18
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The concept of aggregation-induced emission or aggregation-
induced enhanced emission (AIEE) has emerged to be a powerful
and versatile strategy for the design of novel types uorescent
probes and luminescentmaterials to overcome ACQ problem.19–21

In this process, the uorogens are almost non-emissive as indi-
vidual molecule because of the nonradiative decay through
intramolecular motion. Such intramolecular motion can be
restricted once these molecules aggregate together, resulting in
strong uorescence. A typical example is tetraphenylethene (TPE)
molecule, a well-known AIE uorogen, in which the olen stator
is surrounded by phenyl rotors and the restriction of intra-
molecular motion (RIM) is known to account for its strong uo-
rescence in colloids and in the solid state.22,23 AIE-based
luminescent materials not only avoid the ACQ problem caused
by aggregation but also provide new approaches based on turn-
on mode in the applications of chemical sensors,24–29 biological
probes,30–33 and solid-state emitters.34,35

Recently, some TPE-based AIE molecules were utilized as
organic ligands in the construction of metal–organic frame-
works (MOFs), which is an intriguing class of inorganic–organic
hybrid crystalline materials.36,37 These studies demonstrated
that rigidifying AIE molecules as uorescent links by MOFs
formation efficiently and substantially tune the electronic
transition energies and raise the orescent quantum yield,
owing to twisted linker conformation, intramolecular
hindrance, and framework rigidity.38 The applications of TPE-
based MOFs with excellent luminescent behaviors are well
explored as light-emitting diodes (LED), drug vehicles and
This journal is © The Royal Society of Chemistry 2017

http://crossmark.crossref.org/dialog/?doi=10.1039/c6ra28551a&domain=pdf&date_stamp=2017-04-14
http://orcid.org/0000-0002-3726-1568
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/c6ra28551a
https://pubs.rsc.org/en/journals/journal/RA
https://pubs.rsc.org/en/journals/journal/RA?issueid=RA007035


Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

0 
A

pr
il 

20
17

. D
ow

nl
oa

de
d 

on
 7

/1
8/

20
24

 4
:0

8:
01

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
chemical sensor.39–42 On the other hand, to the best of our
knowledge, the utilization of AIE molecules as organic ligands
in the amorphous CPNs has not been investigated. Different
from the crystal CPNs with static structures, the amorphous
CPNs exhibit a higher level of structural tailorability. Their
structures can be depolymerized much faster under milder
conditions.43 Moreover, the preferred turn-on responsive uo-
rescence when exposed to analytes was not obvious due to the
almost complete restriction of intramolecular motion (RIM) in
the ligands aer MOFs formation.39,40 One way to overcome this
disadvantage is developing ratiometric uorescent probes,
which display two distinctly different measurable signals in the
presence and absence of analyte.

Zinc is the second most abundant heavy metal ion, aer
iron, in the human body and plays important roles in various
biological systems. It is an essential element required by all cells
with various functions, for example, the control of gene tran-
scription, metalloenzyme function and synaptic vesicles in
excitatory nerve terminals.44 Thus, zinc ions are important
analyte from the view of biochemistry, medicine and environ-
ment.45 Taking envisaged applications into account, especially
interesting are zinc ions probes operating in ratiometric uo-
rimetric mode.46

Herein, we report a new type AIE-based CPNs that is
prepared from AIE uorophore HDBB molecules with metal
ions. Tb-HDBB-CPNs and Zn-HDBB-CPNs emit different wave-
length uorescence in aqueous solution upon excitation with
365 nm light. The cation exchange process of these AIE-based
CPNs were studied by uorescence emission spectra, energy-
dispersive X-ray (EDX) spectra, and inductively coupled
plasma (ICP) measurement. A ratiometric uorescent probe for
the detection of Zn2+ was developed on the basis of cation
exchange process of Tb-HDBB-CPNs with Zn2+.
2. Experimental section
2.1 Chemicals and materials

2,4-Dihydroxybenzaldehyde, 4-carboxybenzaldehyde, terbium
nitrate pentahydrate, zinc nitrate pentahydrate, disodium
hydrogen phosphate and sodium dihydrogen phosphate were
purchased from Aladdin. 4-Formyl-3-hydroxybenzoic acid were
purchased from Bide pharmatech. All other reagents were of
analytical grade and used as received. Doubly distilled water
was used throughout the experiments. Tris–HCl (Tris ¼ 2-
amino-2-hydroxymethylpropane-1,3-diol) buffered solutions
were prepared by titrating 0.01 M Tris solutions with a concen-
trated HCl (1 M) to the required pH values.
2.2 Apparatus

X-ray powder diffraction patterns were taken using a D/max-TTR
III X-ray diffractometer (Rigaku, Japan) with a scan speed of
0.1 s per step and a step size of 0.01�. The morphology and
composition element of CPNs were characterized by eld
emission scanning electronmicroscopy (SEM) (JEM-2100F). The
Fourier transform infrared (FT-IR) spectra were obtained on
a FT-IR spectrophotometer (Thermo Nicolet 365). UV-Vis
This journal is © The Royal Society of Chemistry 2017
absorption was characterized using a UV/Vis/NIR spectropho-
tometer (Shimadzu, Japan). Fluorescence spectra were recorded
on a Hitachi High-Technologies Corporation Tokyo Japan 5J2-
0004 model F-7000 FL spectrouorometer. Fluorescence emis-
sion lifetimes were determined on an Edinburgh Analytical
Instrument (FLS900 uorescence spectrometer) with a light-
emitting diode lamp (405 nm) and analyzed by the use of
a program for exponential ts. ICP-1000 system (Shimadzu,
Japan) was utilized to the detection of metal ion concentration.
Particle size distribution of HDBB-CPNs was recorded by
a dynamic light scattering instrument (BI-90 Plus, Brookhaven
Instruments Corp).

2.3 Synthesis of HDBB, L2 and L3

The synthesis of HDBB (4,40-(hydrazine-1,2-diylidene bis
(methanylylidene)) bis (3-hydroxybenzoic acid)), L2 and L3 were
the same as our previous report.47 Typically, 4-formyl-3-
hydroxybenzoic acid (166.2 mg, 1.0 mmol) was dissolved in
methanol (10 mL). Then hydrazine hydrate (24 mL, 0.5 mmol;
80%) was added and reuxed at 75 �C. Aer reuxing overnight,
the resulting precipitate was ltered and washed with 30 mL
methanol. Aer drying, HDBB was obtained as a yellow powder.
The molecular structures of HDBB, L2 and L3 was veried by
NMR and mass spectroscopy.

2.4 Preparation of CPNs

The preparation of the AIE-based CPNs was performed as re-
ported previously.15 Briey, Tb-HDBB-CPNs was synthesized by
mixing an aqueous solution of Tb(NO3)3$6H2O (26.11 mg, 0.06
mmol) with Tris buffer (10 mL) containing HDBB (3.28 mg, 0.01
mmol), adjusting the pH value to 9.0 to keeping HDBB mole-
cules at dissolved state, and then stirring 2 hours at room
temperature to form a yellow suspension. The resulting
precipitate was then centrifuged and washed with pH 9.0 Tris
buffer solution several times. For the preparation of Zn-HDBB-
CPNs, the Tb(NO3)3$6H2O was replaced by Zn(NO3)3$6H2O
(11.36 mg, 0.06 mmol) and also get a yellow suspension. The
dynamic light scattering measurement has been applied to
investigate the stability of these CPNs. The particle sizes of Tb-
HDBB-CPNs were about 50 � 5 nm and 663 � 28 nm aer
storing one month and three months in doubly distilled water
at 4 �C (Fig. S1†). Zn-HDBB-CPNs displayed similar tendency.
These results indicated that the HDBB-CPNs remained stable at
least one month.

2.5 Quantication of HDBB, Tb3+, and Zn2+ in CPNs

HDBB molecules were dissolved in pH 11.0 0.1 M phosphate
buffer solution to obtain a series of HDBB solutions with
concentrations ranging from 5.0 to 200.0 mM. Absorption
spectra were recorded with a UV-Vis spectrophotometer. The
standard curves were plotted from linear tting of the absor-
bance at 365 nm as a function of HDBB concentrations. The
samples of Tb-HDBB-CPNs and Zn-HDBB-CPNs were dissolved
in pH 11.0 0.1 M phosphate solution. The amounts of HDBB,
Tb3+ and Zn2+ in these samples was quantied using UV-Vis
spectrophotometer and ICP measurement, respectively.
RSC Adv., 2017, 7, 21446–21451 | 21447
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Fig. 1 (A) and (B) FTIR spectra of HDBB (a), Tb-HDBB-CPNs (b), and
Zn-HDBB-CPNs (c). FE-SEM images of Tb-HDBB-CPNs (C) and Zn-
HDBB-CPNs (D).
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2.6 Fluorescence quantum yield

The uorescence quantum yield was calculated from the
relation:

fx ¼ fs

�
nx

ns

�2�
As

Ax

��
Fx

Fs

�

where the subscripts s and x indicate the standard and text
respectively, f is the uorescence quantum yield, A corresponds
to the absorbance of the solution, F is the uorescence inten-
sity, and n is the refractive index of the solvent. The quantum
yields of Tb-HDBB-CPNs and Zn-HDBB-CPNs are 14.27% and
17.25%, respectively.

2.7 Analysis of real sample

A water sample was collected from Green Lake (Yunnan, China).
The sample was ltered through a 0.22 mm membrane (Milli-
pore) prior to be detected. One hundred microliters of the above
water sample was added to 900 mL of Tris buffer solution
(10 mM, pH¼ 7.0) containing Tb-HDBB-CPNs (20 mg mL�1) and
then analyzed using the developed detection method.

3. Results and discussion
3.1 Preparation and characterization of AIE-based CPNs

A typical route for preparing CPNs is shown as Scheme 1. The
Tb-HDBB-CPNs were prepared from HDBB (L1) and terbium
nitrate hexahydrate in pH 9.0 Tris buffer solution at room
temperature by self-assembly process. The resulting yellow
products were puried by centrifugation and washed several
times with Tris buffer solution (pH ¼ 9.0). The resulting CPNs
were suspended in aqueous solution and could be stored at
4 �C for three months without any changes. The control
experiment showed that no CPNs were obtained in the
absence of HDBB molecules or Tb3+, suggesting that both
HDBB and Tb3+ are essential for the construction of CPNs.
The FT-IR spectrum (Fig. 1A and B) measurement of the as-
prepared Tb-HDBB-CPNs conrm the coordination of the
carboxylate groups to Tb3+, as evidenced by a shi in the C–O
stretching frequency to 1650 cm�1. Note that the original C–O
stretching frequency of the uncoordinated HDBB was
observed at 1692 cm�1. The peak located at 1435 cm�1 also
indicated the presence of deprotonated carboxylic acid
bonded within the CPNs.48 Zn-HDBB-CPNs show similar IR
absorbance behaviors with the one of Tb-HDBB-CPNs,
Scheme 1 Schematic representation of the preparation of AIE-based
CPN.

21448 | RSC Adv., 2017, 7, 21446–21451
suggesting that the formation of Zn-HDBB-CPNs was under-
went similar coordination process between HDBB molecule
with Zn2+. To further validate the effect of carboxylate group
on the formation of these CPNs, two salicylaldehyde hydra-
zine derivatives (L2, L3) were designed as organic links in the
preparation of CPNs (Scheme 1). The experiment results
demonstrate that CPNs can be formed in the presence of L2
with Tb3+, however, there were no CPNs obtained under
similar condition with the replacement of L1 by L3 due to the
lack of carboxylate group in para-position of L3. From these
results, we can conclude that carboxylate group is essential
for the formation of these CPNs.

The SEM images of Tb-HDBB-CPNs and Zn-HDBB-CPNs
show typically spherical morphology with relatively uniform
size of 50 nm and 55 nm, respectively (Fig. 1C and D). The
chemical composition of these CPNs was determined by energy-
dispersive X-ray (EDX) analysis during SEM measurement
(Fig. S2 and S3†), which demonstrates the presence of Tb and
Zn element, further indicating that Tb and Zn ions were
involved in the construction of Tb-HDBB-CPNs and Zn-HDBB-
CPNs, respectively. The lack of diffraction peaks in powder X-
ray diffraction (PXRD) measurement of these CPNs reveals the
amorphous structure of these nanoparticles (Fig. S4†).

To further elucidate the structure of these CPNs, the
amounts of HDBB molecules and metal ions in these CPNs
were quantied using UV-Vis spectra and ICP measurement
(Fig. S5–S7†), respectively. The ratios of metal ions to HDBB
molecules in these CPNs are about 1 : 1.5 for Tb-HDBB-CPNs
and 1 : 1 for Zn-HDBB-CPNs. As a result, the HDBB mole-
cules were in the negative state in the preparation condition
(pH ¼ 9.0) of these AIE-based CPNs, and the cations electro-
statically attached to the HDBB molecule forming these CPNs.
Therefore, the formation of these AIE-based coordination
polymers mediated by strong metal–ligand bonding is domi-
nant in the self-assembly process. According to the above
results, the structure of Tb-HDBB-CPNs can be proposed and
shown in Scheme 1.
This journal is © The Royal Society of Chemistry 2017
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3.2 Photochemical properties of AIE-based CPNs

To investigate photochemical properties of these AIE-based
CPNs, the uorescence and absorption spectra were
measured. The absorption spectra of these AIE-based CPNs
exhibit two peaks at 310 nm and 365 nm (Fig. 2B), which are the
same to that of HDBB,47 and the absorption intensities are
slightly increasing. These absorptions can be ascribed to the p–
p* and n–p* transitions of the entire molecule.

The uorescence spectra shows that the maxima emission
and excitation of Tb-HDBB-CPNs are at 590 nm and 365 nm
(Fig. 2A), which are similar to the precursor HDBB. The uo-
rescence quantum yield of Tb-HDBB-CPNs is 14.27% in
aqueous solution, which is about three times larger than the
one of HDBB (5.32%). The uorescence enhancement of Tb-
HDBB-CPNs can be attributed to the immobilization of the
HDBB linker as it is strongly coordinated to Tb3+. The formation
of rigid CPNs via coordination of HDBB to Tb3+ prevents the
torsional relaxation, thus the RIM process is activated. The
uorescence lifetime of Tb-HDBB-CPNs (2.92 ns) is longer than
the one of HDBB molecules (1.97 ns) (Fig. S8†). Aer coordi-
nating with Tb3+, the radiative rate constant (kr) of the HDBB
increased from 27.0 � 106 s�1 to 48.86 � 106 s�1, but the non-
radiative rate constant (knr) decreased from 4.80 � 108 s�1 to
2.94 � 108 s�1 (Table S1†).

These results are similar with previous reports, the lifetime
and uorescence quantum yield of many AIE molecules usually
increase aer aggregation owing to the reducing non-radiative
processes and activating the radiative channel.19 Conse-
quently, the formation of CPNs prevents the HDBB excited state
distortion, hence the exciton immediately released the energy
via uorescence and results in a higher uorescence quantum
yield and longer lifetime.

Unlike Tb-HDBB-CPNs emit yellow uorescence measured at
590 nm, the Zn-HDBB-CPNs emit blue lights observed at
470 nm, which is almost 120 nm blue-shied (Fig. 2A). The
maximum excitation wavelength of Zn-HDBB-CPNs is retained
at 365 nm, which is consistent with its absorption spectrum.
The lifetime and uorescence quantum yield are 17.25% and
1.01 ns (Fig. S9†). The radiative rate constant and non-radiative
rate constant of Zn-HDBB-CPNs were 172.5 � 106 s�1 and 8.19
� 10 s�1, respectively. This distinct emission can be ascribed to
the inhibition of photo-induced electron transfer process aer
Fig. 2 (A) Excitation and emission spectra of 0.1 mM HDBB (a and b),
0.035 mg mL�1 Tb-HDBB-CPNs (c and d), and 0.035 mg mL�1 Zn-
HDBB-CPNs (e and f). The emission spectra were recorded at 365 nm
excitation wavelength. (B) UV-Vis spectra of 0.1 mM HDBB (a), 0.035
mgmL�1 Tb-HDBB-CPNs (b), and 0.035mgmL�1 Zn-HDBB-CPNs (c).

This journal is © The Royal Society of Chemistry 2017
HDBB coordinating with Zn(II); two nitrogens on hydrazone
moiety in HDBB molecule as well as phenolic oxygen may
participate in binding to Zn2+.49,50
3.3 Sensing mechanism of ratiometric uorescent probe for
Zn2+

Cation exchange in CPNs and MOFs has become a powerful
method tuning their composition, functionality and porosity.6,51,52

We hypothesized that cation exchange process also can occur in
our AIE-based CPNs. In a typical reaction, we prepared a mixture
of Tb-HDBB-CPNs and 0.15 mM Zn2+ in pH 7.0 Tris buffer solu-
tion under ambient conditions. Aer 3 h of cation exchange, the
resulted CPNs were separated from the mixture by centrifugation.
Fluorescence emission spectra, SEM, EDX spectra and ICP spectra
were measured before and aer cation exchange reaction of the
CPNs sample. As shown in Fig. 3A, uorescence emission
centered at 470 nm increased remarkably with a decrease of
uorescence emission at 590 nm under the excitation wavelength
at 365 nm. The dual emission spectrum of the resulting particles
reveals successful cation exchange of Tb-HDBB-CPNs by Zn2+,
consequently, blocking of photo-induced electron transfer
process of HDBB molecules. Furthermore, the morphology of Tb-
HDBB-CPNs aer Zn2+ exchange is not much different from the
one of before exchange (Fig. S10†). A relating EDX spectrum of the
Tb-HDBB-CPNs measured aer the cation exchange shows the
expected Zn signal, meanwhile, Tb signal is also can be observed
in the EDX spectrum (Fig. S11†). Finally, Tb signal observed in ICP
spectrum of Tb-HDBB-CPNs supernatant aer cation exchange is
much larger than the one of control experiment without adding
Zn2+, indicating that partly cation exchange of Tb-HDBB-CPNs by
Zn2+. These experiments provided direct evidences of cation
exchange in Tb-HDBB-CPNs with Zn2+. Thus, the cation exchange
process of Tb-HDBB-CPNs is demonstrated as in Fig. 3B. Briey,
upon the addition of Zn2+, some carboxylic group on the surface of
Tb-HDBB-CPNs bind to Zn2+ resulting in the formation Zn-Tb-
HDBB-CPNs with dual emission uorescent behavior. As
a result, our strategy not only provides a facile route to introduce
desired functionality into CPNs but also promotes the potential of
CPNs for application, such as ratiometric uorescence detection.
3.4 Optimization for Zn2+ ion detection

As is demonstrated above, the successful cation exchange
process of Tb-HDBB-CPNs by Zn2+, inducing the increasing
Fig. 3 (A) Fluorescence emission spectra of 0.035 mg mL�1 Tb-
HDBB-CPNs in the absence (curve a) and presence of 0.15 mM Zn2+

(curve b). (B) Schematic representation of the cation exchange process
of Tb-HDBB-CPNs with Zn2+.

RSC Adv., 2017, 7, 21446–21451 | 21449
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uorescence at 470 nm and the decreasing emission at 590 nm,
prompted us to apply this AIE-based CPNs for the detection of
Zn2+ in aqueous solution. We can image that the ratios of I470 to
I590 (i.e., I470/I590) would be closely associated with the degree of
the exchange of the Tb-HDBB-CPNs caused by Zn2+, as
a consequence, which could be used for the ratiometric uo-
rescence assay of Zn2+.

Fig. 4A depicts the typical time-dependent uorescent
intensity at 470 nm of the Tris buffer containing Tb-HDBB-CPNs
aer the addition of Zn2+ into the buffer. Upon the addition of
Zn2+ the uorescent spectrum of the Tb-HDBB-CPNs was
recorded immediately and every on minute consecutively at
room temperature. Aer adding Zn2+, the uorescent intensity
at 470 nm of Tb-HDBB-CPNs was enhanced signicantly and
reached a plateau aer 2 min. The fast uorescence response
can be ascribed to the unique amorphous structure of Tb-
HDBB-CPNs.

We next examined the effects of other metal ions on the
uorescence intensity of Tb-HDBB-CPNs under identical
conditions. As shown in Fig. 4B, only the addition of Zn2+

resulted in a signicant uorescence enhancement at 470 nm;
no remarkable changes in the uorescence of Tb-HDBB-CPNs
were observed upon the addition of other metal ions,
including Co2+, Mg2+, K+, Fe3+, Ni2+, Ca2+, Cd2+, Pb2+, Hg2+, and
Cu2+. The high selectivity of Tb-HDBB-CPNs to Zn2+ is attributed
to the special uorescent behavior of the coordination
compound of Zn2+ with HDBB.

The uorescence response of Tb-HDBB-CPNs to Zn2+ in
different concentrations is shown as Fig. 4C. Corresponding to
the decreased uorescence at 590 nm, the uorescence at
Fig. 4 (A) Time-dependent fluorescence at 470 nm response of the
0.02 mg mL�1 Tb-HDBB-CPNs to 0.1 mM Zn2+ in pH 7.0 Tri buffer
solution. (B) The selectivity of Tb-HDBB-CPNs based sensor for Zn2+

to other cations in pH 7.0 Tri buffer solution. The concentrations of
Tb-HDBB-CPNs, Zn2+ and other cations were 0.02 mgmL�1, 0.15 mM
and 0.25 mM, respectively. (C) Fluorescence emission spectra of Tb-
HDBB-CPNs probe exposed to various concentrations of Zn2+. These
spectra were measured in pH 7.0 Tri buffer solution. The concentra-
tion of Tb-HDBB-CPNs was 0.02 mgmL�1. The concentration of Zn2+

were 0, 0.1, 0.5, 1.0, 3.0, 5.0, 7.0, 10, 20, 40, 60 mM. (D) The linear plot
of the value of I470/I590 versus the concentration of Zn2+.

21450 | RSC Adv., 2017, 7, 21446–21451
470 nm was enhanced gradually with the increase of Zn2+

concentrations from 0 to 60 mM. There is a linear ratio uo-
rescence response to Zn2+ in the concentration range 0.1–60
mM. The detection limit is 50 nM on the basis of a signal-to-
noise ratio of 3 : 1. This detection limit satises the maximum
permitted level of 5 mg L�1 Zn2+ in drinking water regulated by
the U.S. Environmental Protection Agency (EPA).45
3.5 Application in water samples

It is very important to monitor the level of Zn2+ in water
samples, because Zn2+ in human bodies tend to bio-accumulate
and damage central nervous system, blood composition, lungs,
kidneys and liver. The practicability of Tb-HDBB-CPNs uores-
cent nanoprobes was assessed by applying it to the real analysis
for Zn2+ in water sample of the Green Lake, which is a famous
scenic spot of Yunnan Province in China. An average value of
1.48 � 0.18 mM Zn2+ was found for n ¼ 4 determinations in the
Green Lake water sample using this new approach with good
recovery (99.15%), aer the subtraction of the interception from
that of the standard calibration curve (Fig. 4D), which is
consistent with the result obtained by ICP spectroscopic
methods, 1.34 � 0.08 mM. This result suggests that our ratio-
metric uorescence nanoprobe can be used for Zn2+ determi-
nation in water samples.
4. Conclusions

In summary, AIE-based CPNs have been developed by using AIE
molecules as bridging ligands. Tb-HDBB-CPNs were further
employed as ratiometric uorescence probe to direct detection
of Zn2+ in aqueous solution based on cation exchange effect.
The ratio uorescence of Zn-Tb-HDBB-CPNs was enhanced
linearly with the Zn2+ concentration from 100 nM to 60 mM. The
detection limit for Zn2+ in aqueous solution is 50 nM. The
ratiometric uorescent probe based on Tb-HDBB-CNPs exhibits
the advantages of direct and fast detection procedure, excellent
stability and selectivity. The proposed strategy might provide
a new platform for the design and application of uorescent
probes based on AIE functionalized coordination polymers.
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