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A novel photoluminescent Cd(II)–organic
framework exhibiting rapid and efficient
multi-responsive fluorescence sensing for trace
amounts of Fe3+ ions and some NACs, especially
for 4-nitroaniline and 2-methyl-4-nitroaniline†

Ying-Jiao Yang,‡ Meng-Jie Wang‡ and Kou-Lin Zhang*

The first photoluminescent Cd(II)–organic framework {[Cd(5-asba)(bimb)]}n (1) based on a multi-functional

ligand, 2-amino-5-sulfobenzoic acid (H25-asba), has been successfully constructed. The structure of 1 was

determined by single crystal X-ray diffraction analysis, revealing that 1 exhibits a six-connected a-polonium

network with a Schläfli symbol of 412�63. The phase purity of the bulk sample of 1 was further confirmed by

elemental analysis and powder X-ray diffraction pattern (PXRD) which was consistent with the simulated

phase purity calculated from single crystal X-ray diffraction data. The optical property of 1 was

characterized by analysis of the solid state UV-vis diffuse reflectance spectrum, indicating that 1 may be a

potential candidate for wide gap semiconductor materials. The photoluminescence properties of 1 well

dispersed in various solvents have been investigated in detail, indicating that 1 shows distinct solvent-

dependent photoluminescence. 1 belongs to the rare category of MOFs that exhibit multi-responsive

photoluminescence sensing properties. It can be used as a rapid and efficient selective fluorescent sensor

for Fe3+ ions in environmental and biological systems at about a one ppm level. For the photo-

luminescence responses of 1 dispersed in aqueous solution with incrementally increased 4-nitroaniline

(4-NA) and 2-methyl-4-nitroaniline (2-M-4-NA) concentrations, photoluminescence quenching was

detectable even at a very low concentration of 0.52 ppm for 4-NA and 0.68 ppm for 2-M-4-NA, indicating

that 1 exhibits extremely high sensitivities for 4-NA and 2-M-4-NA. A further systematic study reveals that 1

shows more efficient sensing of nitroaniline homologues (4-NA and 2-M-4-NA) over other electron-

deficient nitroaromatic compounds (NACs). 1 represents the first case of a MOF-based photoluminescent

probe for 4-NA and 2-M-4-NA. Furthermore, 1 can discriminate the nitrophenol isomers (2-, 3- and 4-NP)

through fluorescence sensing. To our best knowledge, 1 is the first Cd(II) MOF based on the multi-

functional ligand H25-asba that can be used as a multi-responsive efficient sensory material for Fe3+ ions

and some NACs, especially for nitroaniline homologues (4-NA and 2-M-4-NA).

Introduction

Iron is one of the most important elements in the daily
metabolic process of almost all mammals. However, either a
deficiency or excess of iron from normal permissible limits can
lead to serious disorders.1 Some valuable analytical techniques,
such as voltammetry,2 spectrophotometry,3 atomic absorption

spectroscopy,4 and inductively coupled plasma (ICP) mass
spectrometry,5 have been used for the determination of Fe3+

ions, but some metal ions were found to interfere with the
measurements, which leads to complicated pretreatment, high
cost and sophisticated machines. Therefore, the rapid and
selective detection of trace amounts of Fe3+ ions in both
environmental and biological areas at low cost is very impor-
tant. Recently, chemists have had much interest in the use of
the fluorescent property of MOFs for the sensing of small
molecules and metal ions, which may result from the diverse
topologies and functional recognition sites in MOFs.6–9

However, only limited novel work has been dedicated to the
design and synthesis of sensitive MOF-based fluorescent sensors
for Fe3+ ions.9
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On the other hand, with the rapid development of the
chemical industry and extensive use of pesticides in agriculture,
chemicals such as some nitroaromatic compounds (NACs) have
become serious pollution sources in groundwater, soil and other
security applications due to their high toxicity and the detriment
caused to sustainable development and human health.10 Currently,
how to solve pollution problems has become one of the most
popular topics worldwide. So, convenient and efficient technologies
for detecting NACs in the environment have received much atten-
tion from chemists. Some traditional instrumental techniques,
such as chromatography, gas metal detectors and cyclic voltam-
metry, etc., have high efficiency, but they usually need very
expensive instruments, and in most of cases they aren’t easily
accessible and have inconvenient processes.11 Therefore, new
technologies need to be developed so that we can obtain rapid
detection at low cost. Fluorescence-based sensing materials have
recently been considered as one of the most excellent and
promising techniques in the detection of NACs because this
kind of technique possesses several advantages such as high
efficiency, selectivity and simplicity.12,13

During the past years, polymeric, oligomeric or photolumi-
nescent nanoscale materials have been rationally designed and
constructed successfully for the determination of some NACs.14

But, it is still a great challenge for chemists to design and
prepare novel fluorescent materials for the detection of NACs
because it isn’t easy to introduce fluorophores into the above-
mentioned fluorescent sensors. Compared with traditional
metal–inorganic materials, metal–organic frameworks (MOFs)
are a new class of developing metal–organic hybrid functional
materials, which can be built from metal cations and organic
ligands and have extensive potential applications in gas storage,
photoactive materials, drug delivery, magnetic materials, separa-
tions and chemical sensors, etc.15 The fluorescence behavior of a
MOF is highly dependent on organic ligands and metal ions.
Thus, it is relatively easy to construct fluorescent MOFs by using
either organic ligands with fluorophores or metal ions, such as
d10 metal ions (Zn2+, Cd2+) or Ln3+, or utilizing a combination of
these two parts.16 For example, a novel Zn(II) MOF exhibiting
rapid and reversible detection of high explosives was first
reported in 2009.17 The Su group constructed a novel Cd(II)
MOF that can recognize NACs with different numbers of nitro
groups.18 Two novel Ln(III) MOFs as efficient photoluminescent
sensors for explosive 2,4,6-trinitrophenol have been reported by
two independent groups.19 The Zheng group reported two novel
photoluminescent Zn(II) MOFs for efficient selective sensing of
picric acid.20

4-nitroaniline (4-NA) is mainly used as an intermediate of
fine chemicals, such as pesticides, pharmaceuticals and dyes,
etc.; 2-methyl-4-nitroaniline (2-M-4-NA) is chiefly used for the
dyeing and printing of cotton and ramie fabric, and it is also
used in the production of paint. However, both are extremely
harmful to aquatic organisms and may cause long-term adverse
effects on the aquatic environment. So, detecting these pollutants
in the environment, especially in waste water, rapidly and con-
veniently is a popular topic for chemists. Although MOFs have
been reported for the efficient sensing of some nitroaromatics

and inorganic ions, etc., there is still no report available in the
literature on the rapid and efficient sensing of trace amounts of
nitroaniline homologues by a MOF material.

According to the analysis of reported novel MOF-based
fluorescent sensors, from a rational design point of view, the
framework (receptor unit) should better contain an aromatic
ring with a nonbonded functional site that has the potential to
interact with the analyte (substrate) selectively and efficiently,
and also the receptor unit is usually connected to a suitable
fluorophore unit that can generate a distinct emission upon
recognition. Once the analyte is recognized by the receptor,
the fluorescence responses can be observed in the form of
quenching (turn off) or enhancement (turn on) in the emission
intensity due to charge transfer, energy transfer or electron
donor–acceptor transfer mechanisms.21

Recently, we are focusing our attention on selecting 2-amino-5-
sulfobenzoic acid (H25-asba) as the organic moiety (Scheme 1) to
attempt to construct sensitive MOF-based fluorescent sensors
for chemical pollutants such as metal ions and NACs, which is
based mostly on the following considerations: (1) the carboxylate,
sulfonate and amino groups in the electron-rich ligand 5-asba2�

are potential interaction sites to recognize the analyte (NACs)
efficiently through hydrogen bonds. Furthermore, according
to the ‘‘Hard–soft acid base (HSAB)’’ theory, the electron-rich
sulfonate group belongs to the ‘‘Hard base’’ and has the potential
to form strong (–SsulfonateO3)�� � �Mn+ electrostatic interactions with
hard metal ions such as Fe3+, etc.; (2) as an anionic aromatic
carboxylate ligand, 5-asba2� can connect to a suitable fluorophore
unit that produces a distinct fluorescence intensity change upon
recognition with the analyte; (3) rich binding modes of the ligand
5-asba2� are anticipated under appropriate reaction conditions,
which will provide new insights to construct ‘‘building blocks’’ for
the construction of specific coordination assemblies. To our best
knowledge, there are still no MOFs reported with the multi-
functional ligand H25-asba so far.

Herein, we report a novel photoluminescent Cd(II)–organic
framework sensory material based on H25-asba {[Cd(5-asba)-
(bimb)]}n (1) [bimb = 1,4-bis(1H-imidazol-1-yl)butane], exhibiting a
3D a-polonium network with symbol 412�63. 1 shows distinct
solvent-dependent fluorescence and rapid selective fluorescence
sensing of trace amounts of Fe3+ ions in environmental and
biological systems. Remarkably, 1 can also be used as a rapid
and efficient fluorescent sensor for some NACs, especially for
nitroaniline homologues (4-NA and 2-M-4-NA) (Scheme 2). So, the
present MOF shows the multi-responsive sensing behavior of

Scheme 1
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rapid and efficient detection of trace amounts of nitroaniline
homologues and Fe3+ ions. The detection limits to Fe3+ ions, 4-NA
and 2-M-4-NA reach at least one ppm, 0.52 ppm and 0.68 ppm
levels, respectively. Moreover, to our best knowledge, 1 is the first
reported MOF-based sensory material that can discriminate nitro-
phenol isomers (2-, 3- and 4-NP) through fluorescence sensing.

Results and discussion
Crystal structure description

Single crystal X-ray structural analysis shows that MOF 1
crystallizes in the triclinic system with the space group P%1
(Table 1). The asymmetric unit consists of one crystallographic
independent Cd(II) ion, one 5-asba2� anion and one bimb
ligand. Each six-coordinated Cd(II) ion is bound by three N
atoms: two N atoms from the two bimb ligands and one from
the amino group of the ligand 5-asba2�, and three oxygen atoms:
one from the sulfonate group and the other two from the
carboxylate group of 5-asba2�, and exhibits a distorted octahedral
coordination geometry with subtended angles ranging from
54.48(9) to 157.79(11)1 (Fig. 1A and Table 2). The carboxylate
group in the ligand 5-asba2� exhibits chelating conformation,
and the amino group also coordinates with the central Cd(II)
atom, resulting in the formation of two kinds of alternatively
arranged centrosymmetrical 5-asba2�-bridged dinuclear units
[Cd2(asba)2], which are further linked with each other through
the monodentate sulfonate group, resulting in a 5-asba2�-bridged

chain, which acts as the secondary building unit (SBU) (Fig. 1B).
The nearest Cd� � �Cd separation within the chain is 6.2100(6) Å.
So, the ligand 5-asba2� adopts a (k1–k1)–(k1)–(k1)-m3 coordination
mode (Fig. 1C). The SBUs are further connected by the bimb

Scheme 2 Simplified diagram showing the distinct solvent-dependent photoluminescence and multi-responsive sensing behavior of the Cd(II) MOF for
some NACs, especially for nitroaniline homologues (4-NA and 2-M-4-NA).

Table 1 Crystallographic data and structure refinement details for 1

Empirical formula C17H19CdN5O5S
Formula weight 517.83
Wavelength (Å) 0.71073
Crystal system Triclinic
Space group P%1
a (Å) 8.6563(9)
b (Å) 9.0640(9)
c (Å) 13.2673(13)
a (1) 106.6200(10)
b (1) 92.7750(10)
g (1) 100.4390(10)
Volume (Å3) 975.40(17)
Z 2
Density (mg m�3) 1.763
Absorption coeff. (mm�1) 1.267
F(000) 520
y range for data collection (1) 1.61 to 25.00
Index ranges �10 r h r 10, �10

r k r 10, �15 r l r 15
Reflections collected 6992
Unique 3417
Rint 0.0359
Completeness to y 99.10%
Max. and min. transmission 0.701 and 0.673
Goodness-of-fit on F2 1.075
Final R indices [I 4 2s(I)] R1 = 0.0383, wR2 = 0.1043
R indices (all data) R1 = 0.0390, wR2 = 0.1050
Largest diff. peak and hole (e Å�3) 1.753 and �2.001
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ligands in trans–trans–trans conformation, leading to the formation
of 3D framework architecture.

From a topological point of view, if the pseudo atoms
inserted in the carboxylate-bridged dinuclear units are treated

as nodes and the distances between the nearest pseudo atoms as
linkers, the framework of 1 can be simplified as a 3D a-polonium
network with the Schläfli symbol (412�63) (Fig. 1D and E).

FT-IR spectrum and thermal stability

The FT-IR spectral data show features attributable to the
carboxylate characteristic stretching vibrations of 1 (Fig. S1,
ESI†). The absence of bands in the range of 1680–1760 cm�1

reveals the complete deprotonation of H25-asba in 1. The
characteristic bands of the carboxylate groups are located
at 1611 cm�1 for asymmetric stretching and 1535 cm�1 for
symmetric stretching. The characteristic stretching vibration of
the sulfonate group in 1 is located at 1180 cm�1. The strong
bands centered on 3301 cm�1 and 3233 cm�1 correspond to the
stretching vibrations of the –NH2 group in 1.22

To study the thermal stability of MOF 1, thermogravimetric
analysis (TGA) was performed under a N2 atmosphere in flowing
N2 at a heating rate of 10 1C min�1. No weight loss is observed
below 356 1C in the TG curve of 1, which further confirms the
absence of water molecules in the bulk sample of 1. 1 decomposes
at 356 1C, revealing that the framework of 1 has a high thermal
stability (Fig. 2).

Optical energy gap

The solid state diffuse reflectance UV-vis spectra at room
temperature were recorded for the as-synthesized sample of 1,

Fig. 1 (A) Coordination environment of the Cd(II) ion in 1, also showing
the trans–trans–trans conformation of bimb. Symmetry codes: #2 �x + 2,
�y + 1, �z + 1 #3 x � 1, y, z. (B) View of the 5-asba2�-bridged chain (SBU).
(C) The coordination mode (k1–k1)–(k1)–(k1)-m3 of 5-asba2� in 1. (D) The
SBUs are further connected by the bimb ligand, resulting in a 3D frame-
work. (E) Schematic representation of the 3D a-Po topological network.

Table 2 Selected bond lengths (Å) and angles (1) for 1

Cd(1)–N(4) 2.250(4) Cd(1)–O(3) 2.277(3)
Cd(1)–N(2) 2.299(4) Cd(1)–O(2)#1 2.377(3)
Cd(1)–N(1)#4 2.458(3) Cd(1)–O(1)#1 2.456(3)

N(4)–Cd(1)–O(3) 100.53(13) N(4)–Cd(1)–N(2) 100.02(15)
O(3)–Cd(1)–N(2) 92.81(15) N(4)–Cd(1)–O(2)#1 100.65(12)
O(3)–Cd(1)–O(2)#1 157.79(11) N(2)–Cd(1)–O(2)#1 90.05(15)
N(4)–Cd(1)–O(1)#1 155.11(12) O(3)–Cd(1)–O(1)#1 104.08(10)
N(2)–Cd(1)–O(1)#1 82.55(13) O(2)#1–Cd(1)–O(1)#1 54.48(9)
N(4)–Cd(1)–N(1)#4 100.78(13) O(3)–Cd(1)–N(1)#4 85.64(11)
N(2)–Cd(1)–N(1)#4 159.07(14) O(2)#1–Cd(1)–N(1)#4 83.90(11)
O(1)#1–Cd(1)–N(1)#4 77.62(11)

Fig. 2 TG curve of 1.
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H25-asba and bimb (Fig. 3). We took a more detailed analysis of
the UV-vis spectra of bimb, H25-asba and MOF 1 in order to
know which peaks of MOF 1 belong to which ligand. There are
two peaks in the UV-vis spectrum of bimb: one around 200 nm
and another at 261 nm, which can be attributed to the p - p*
and n - p* transitions, respectively.23a,b Several peaks appear
in the spectrum of H25-asba: the peaks at 236 and 276 nm can
be attributed to the phenyl p - p* transition, while the weak
peaks around 312 and 400 nm can be ascribed to the n - p*
transition of the ligand H25-asba.23a,b There are three peaks in
the spectrum of MOF 1: 215, 255 and 305 nm. It is worth
pointing out that the n - p* transitions of the free ligands
bimb and H25-asba cannot appear in the UV-vis spectrum of
MOF 1 since these ligands coordinate with the central Cd(II)
ions simultaneously. Therefore, the peaks at 255 and 305 nm
can be ascribed to the phenyl p - p* transition of the ligand
5-asba2� and the peak at 215 nm to the p - p* transition of
bimb.23 The slightly red shifts of the absorption bands in 1 may
be attributed to the coordination effect of the ligand 5-asba2�,
resulting in a relatively large delocalization effect.24

Scientists have documented that a common and convenient
method for determining whether a band gap is indirect or
direct is to use UV-vis absorption analysis.25 Accordingly, to
study the conductivity of MOF 1, the solid state diffuse reflec-
tance UV-vis spectrum of 1 was applied to calculate the band
gap Eg, which was determined as the intersection point between
the energy axis (hn) and the line derived from the linear portion
of the absorption edge in a plot of the K–M (Kubelka–Munk)
function F vs. the incident photon energy hn. If a plot of (Ahn)2

vs. photon energy (hn) results in a straight line, it can normally
be inferred that there is a direct band gap. On the other hand, if
a plot of (Ahn)1/2 vs. photon energy (hn) results in a straight line,
it can usually be inferred that the band gap is indirect. Therefore,
to judge if the band gap of MOF 1 is direct or indirect, we firstly
draw two corresponding plots. We found that the plot of (Ahn)2 vs.
hn (Fig. 4) has better linearity than that of (Ahn)1/2 vs. hn (Fig. S2,
ESI†). So, the band gap Eg of MOF 1 can be determined based

on the theory of optical absorption for a direct band gap semi-
conductor: (Ahn)2 = B(hn� Eg), where B is a constant corresponding
to the material itself. The Eg value derived from the steep absorp-
tion edge is 3.53 eV, indicating the existence of an optical direct
band gap and the characteristic of semiconductivity for MOF 1.
Therefore, MOF 1 may be used as a potential wide gap semi-
conductor material.25

Fluorescent property of MOF 1 in the solid state

It has been documented that MOFs with d10 metal ions and
conjugated aromatic linkers such as Cd(II) and aromatic poly-
carboxylate ligands may be promising candidates for potential
photoactive materials.26 In order to illustrate the fluorescence
and confirm the effect of ligands on the fluorescence of 1, we
measured the maximum excitation (Fig. S3, ESI†) and emission
spectra (Fig. 5) of the free acid H25-asba, the auxiliary ligand
bimb and MOF 1. The free acid H25-asba exhibits blue fluores-
cence with an emission maxima at 460 nm and a shoulder at

Fig. 3 The solid state diffuse UV-vis reflectance spectra for H25-asba
(black), bimb (green) and 1 (red).

Fig. 4 Diffuse reflectance UV-vis spectrum of (Ahn)2 vs. photon energy
(hn) for 1.

Fig. 5 The fluorescence emission spectra of H25-asba (red, lex = 330 nm),
bimb (green, lex = 225 nm) and MOF 1 (black, lex = 350 nm).
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398 nm (lex = 330 nm), and the emission peak of bimb is
located at 400 nm (lex = 225 nm). These emissions can be
assigned to the p*–n transitions. MOF 1 exhibits one strong
band with the maximum emission peak centered at ca. 399 nm
(lex = 350 nm), which is very similar to those of the auxiliary
ligand bimb and the shoulder of H25-asba, indicating that the
emission of MOF 1 may mainly be attributed to the intraligand
p–p* transition further modified by Cd(II) coordination.27

Compared with the maximum emission peak (460 nm) of
H25-asba, 1 exhibits a significant blue-shifted fluorescence,
indicating that metal-to-ligand charge transfer (MLCT) could
also occur within the MOF.

The lowest excited singlet state S1 of the free acid H25-asba
and the auxiliary ligand bimb belongs to n–p* which is spin-
forbidden. Accordingly, these ligands generate relatively weak
fluorescence emissions. Once the ligands coordinate to Cd(II),
the lowest excited singlet state S1 converts into p–p* which is
spin-permitted. Due to the enhanced effects of (1) the lowest
excited singlet state S1 from n–p* to p–p*, and (2) the ligation to
the central Cd(II) ions which enhances the rigidity of the
ligands and reduces the energy loss through a nonradiation
pathway,28 the emission intensity of MOF 1 is much stronger
than the individual ligands.

Photoluminescence sensing behaviors

Sensing of solvent molecules. Based on the photoluminescent
property of 1, its photoluminescence sensing behaviors for some
metal ions and NACs were analysed systematically. Usually,
provided that MOFs are used as sensory materials, they should
be dispersed in some organic solvents. To achieve a satisfactory
analytic effect and make the results easier to distinguish, the
material should have a relatively strong emission intensity in the
selected solvent. Thus, the fluorescent properties of 1 were firstly
investigated by dispersing a finely ground sample in 50 ml of
various solvents (1.29 mg, 5 � 10�5 M) and sonicating for about
three minutes. The emission intensities of 1 are highly dependent
on the solvents: H2O, ethanol, methanol, N,N-dimethylacetamide
(DMA), dimethylsulfoxide (DMSO), N,N-diethylformamide (DEF)
and N,N-dimethylformamide (DMF), etc. (Fig. 6). Clearly, acetone

has the most significant quenching effect on the emission of the
emulsion of 1. Such solvent-dependent fluorescent properties are
meaningful in the sensing of acetone, which is dangerous to
human health and the environment. Interestingly, 1 possesses
the strongest emission in water with a slightly red-shifted max-
imum peak located at 401 nm compared with that of the solid
state emission, which may be due to the effect of water polarity
on charge transfer.29 Accordingly, in the following fluorescence
sensing measurements, we selected water instead of organic
solvent as the detection medium due to 1 having the strongest
emission intensity as well as a high stability in water, which will
not only make the measurements more close to the environmental
aqueous condition but also make the results easier to understand
merely from the changes of emission intensity, realizing the
pleasing detection result. Thus, the well-ground sample 1 was
dispersed in water to form a suspension in the following fluores-
cence detecting measurements, into which the corresponding
solutions of analytes (metal ions and NACs) were added. The
PXRD patterns of the sample 1 after immersion in all of the
related solvents for about four days indicate that the host frame-
work of 1 is quite stable in all of the solvents (Fig. 7).

Therefore, MOF 1 may be used as a potential good candidate
for solvent-resistant photoluminescent materials due to its
relatively strong fluorescence intensity, high framework thermal
stability and insoluble feature in common solvents (Fig. 7).

Sensing of metal ions. To examine the potential of 1 for the
sensing of metal ions (Na+, K+, Mg2+, Ca2+, Sr2+, Ba2+, Zn2+,
Cd2+, Cu2+, Ag+, Mn2+, Fe2+, Co2+, Ni2+, Al3+, Eu3+, Tb3+, Cr3+ and
Fe3+), we firstly determined the pH of aqueous suspensions of 1
(0.05 mM) containing different metal ions (0.075 mM)
(Table S2, ESI†). Then, we carried out the pH stability of MOF
1 by measuring the PXRD patterns of the samples after immer-
sion in the corresponding aqueous solutions of different metal

Fig. 6 The fluorescence spectra of 1 dispersed in various solvents.

Fig. 7 The various PXRD patterns of the samples after immersion in
different solvents for about four days, PXRD pattern of the bulk sample 1
and the simulated XRD pattern of 1 calculated from single-crystal X-ray
data with Mercury 1.4.2.
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ions (0.075 mM). The results indicate that MOF 1 shows high
framework stability in all of the aqueous solutions of metal ions
(Fig. S4, ESI†), including the aqueous Fe3+ solution with the
lowest pH (4.26), which makes it possible for us to explore the
sensing behavior for these metal ions in aqueous medium.
Accordingly, an aqueous solution containing different metal
ions (0.075 M, 2 ml) was added into the emulsions of 1 in water
(2 ml cuvette with 1 cm width) and sonicated for about three
minutes. The photoluminescence responses were recorded
immediately (Fig. 8). As we can see, most of the metal ions
have little effect on the fluorescence intensity of the suspen-
sions of 1. Specifically, the emission intensity of 1 at 400 nm
decreases slightly when Al3+, Cu2+, Fe2+, Tb3+, Cr3+ and Eu3+

ions are added, but decreases significantly in the presence of
Fe3+ ions [QP (quenching percentage) = 1 � I/I0 = 51.9%]. Here,
I0 is the initial fluorescence intensity without the analyte, and
I is the fluorescence intensity after adding the analyte. This
result indicates that 1 can sense Fe3+ ions efficiently through
fluorescence quenching.30,31

MOF 1 shows the highest sensitivity for Fe3+ ions in comparison
with other metal ions. This interesting behavior encourages us

to further investigate the effects of the concentration of Fe3+

ions on the fluorescence intensities of the aqueous suspension
of 1 in detail. The finely ground sample of 1 was dispersed in
aqueous solution containing different concentrations of Fe3+ ions
(0.01875–0.225 mM) to monitor the fluorescence response.
The fluorescence titration experiment procedures are chiefly as
follows: once the corresponding volumes of Fe3+ ions (0.075 M,
from 0.5 ml to 6 ml) were added incrementally to the emulsion of
the finely ground sample 1 in water (2 ml) and sonicated about
three minutes, the fluorescence responses were immediately
recorded. As is shown in Fig. 9, the fluorescence quenching is
pronounced with a very low micromolar concentration of Fe3+

ions. With increasing the concentration of Fe3+ ions, the fluores-
cence emission was quenched continuously. It should be noted
that a very low concentration of Fe3+ ions was good enough to
show obvious detectable fluorescence quenching (0.01875 mM,
1 ppm, QP = 18.0%) of the fluorescence intensity of 1. The
quenching percentage reaches 83.3% when the concentration of

Fig. 8 (top) Fluorescence spectra of the emulsions of 1 by introducing
different metal ions with the same concentration of 0.075 mM in the final
mixture (lex = 300 nm). (bottom) The relative maximum emission intensity
corresponding to the different metal ions.

Fig. 9 Top: Fluorescence spectra of 1 dispersed in water (2 ml) with the
incremental addition of Fe3+ aqueous solution (0.075 M). Inset: the best
linear-fit of I0/I � 1 versus [Fe3+] in the low concentration. Bottom: The
relative intensity of the maximum emissions corresponding to the different
concentrations of Fe3+ ions (lex = 300 nm).
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Fe3+ ions in the emulsion is 0.225 mM, indicating that 1 shows
rapid and high sensitivity for Fe3+ ions. The Stern–Volmer plots
for Fe3+ ions are typically linear at low concentrations. To further
reveal the quenching efficiency by Fe3+ ions, the fluorescence
intensity versus [Fe3+] plot at low concentration can be best linear-
fitted into I0/I � 1 = KSV[Fe3+] � 0.05579, which is very close to the
Stern–Volmer equation I0/I � 1 = KSV[A], where [A] is the molar
concentration of the quencher, and KSV is the Stern–Volmer
quenching coefficient. The quenching coefficient KSV for Fe3+ is
estimated to be 1.78 � 104 L mol�1 for 1, which is comparable to
those well-designed solution-based organic compounds for the
sensing of Fe3+ ions (KSV: about 104 L mol�1).32

In practical determination, it is quite usual that the detection
aqueous media in the environment always contains some
coexisting interfering metal ions. So, some common interfering
metal ions, such as Na+, Mn2+, Tb3+, Eu3+, Ni2+, Zn2+, Cu2+, Sr2+,
Co2+, Fe2+, Al3+, Ag+, Cr3+, Ca2+, Ba2+, K+, Mg2+ and Pb2+, were
included to test the fluorescence selective effect in order to
generate simulative environmental conditions. Two pairs of
contrast tests were thus designed for comparison: 1 + Fe3+ and
1 + interfering ions + Fe3+. Keeping the concentration of Fe3+ ions
at 0.075 mM in the emulsions of 1, other interfering metal ions
were then introduced to the emulsion system of 1 with the same
concentration as that of the Fe3+ ions in the final mixture
(0.075 mM). It is quite pleasing that the quenching effects by
the Fe3+ ions on the fluorescence of the emulsion of 1 are almost
not influenced by the interfering metal ions (Fig. 10), further
confirming that 1 may act as a promising selective fluorescent
sensor for Fe3+ ions in the environment.

To explore the potential of such a selective and sensitive
Cd(II) MOF sensor for the detection of Fe3+ ions in a biological
system, the finely ground sample of 1 was dispersed in a
simulative physiological condition [20 mM 2-[4-(2-hydroxyethyl)-
1-piperazinyl]ethanesulfonic acid (HEPES) aqueous buffer
solution, pH = 7] with the incremental addition of Fe3+ ions.
Fluorescence quenching titrations were then carried out on the
suspension of 1. It should be noted that the relative fluores-
cence intensity of the emulsion of 1 in HEPES aqueous buffer

solution is similar to that in water, indicating that HEPES
has almost no influence on the fluorescence intensity of the
emulsion of 1 (Fig. 11). With increasing the concentration
of Fe3+ ions, the fluorescence intensity of the emulsion of 1
decreased continuously, which is similar to that in aqueous
solution. The quenching efficiency by Fe3+ ions under the
simulative physiological conditions is higher than that in the
aqueous suspension (0.075 mM Fe3+ in the HEPES buffer
solution: QP = 61.1%). The emission of the suspension of 1
was quenched almost completely when the Fe3+ concentration
was increased to 0.225 mM (QP = 94.07%). To further quantify
the quenching efficiency by Fe3+ ions in the HEPES buffer
solution, the relative photoluminescence intensity (I0/I � 1) versus
Fe3+ concentration is shown in Fig. 11. In low concentration,
the intensity versus [Fe3+] plot can also be best linear-fitted into

Fig. 10 The maximum emission intensity of 1, showing the effects of the
interfering metal ions on the interaction between 1 and Fe3+ ions in the
dispersion. The concentration of Fe3+ ions and the interfering metal ions in
the dispersion is 0.075 mM (lex = 300 nm).

Fig. 11 Emission spectra and the best linear-fit of I0/I � 1 versus [Fe3+] in
the low concentration (inset) (top) and maximum intensity (bottom) of 1
dispersed in HEPES aqueous buffer solution (pH = 7) upon incremental
addition of an aqueous solution of Fe3+ ions (0.075 M) (lex = 300 nm). The
volumes of the water solution of Fe3+ ions added are indicated in the
legend.
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I0/I � 1 = 3.01 � 104[Fe3+]� 0.5645 for 1, which is also close to the
Stern–Volmer equation I0/I � 1 = KSV[A]. In the simulative psycho-
logical conditions, the Stern–Volmer constant KSV for Fe3+ ions is
bigger than that in water, revealing 1 may also be used as an
efficient fluorescent sensor for Fe3+ ions in a biological system.

In order to elucidate the fluorescence quenching mechanism
of the suspension of 1 by Fe3+ ions, we further ran the PXRD
measurements of the samples after immersion in the corre-
sponding aqueous solution and HEPES aqueous buffer solution
of Fe3+ ions (0.225 mM, pH = 3.48 for aqueous Fe3+ solution) for
about five hours. Both the PXRD patterns are consistent with that
of the as-synthesized sample of 1 (Fig. 12), suggesting that the
original framework of 1 doesn’t transform in the aqueous and the
HEPES aqueous buffer solutions of Fe3+ ions and the central
Cd(II) ions aren’t exchanged with the analyte Fe3+ ions during the
sensing process. The paramagnetic high-spin Fe3+ ion with d5

configuration belongs to the ‘‘hard acid’’ type and has strong
electron-withdrawing ability. So, during the sensing process, the
Fe3+ ion can generate the strongest electrostatic interactions with
the electron-rich sulfonate group of the ligand 5-asba2�

[(–SsulfonateO3)�� � �Fe3+] in the fluorophore compared with other
metal ions, and consequently absorb more energy from the
fluorophore, which makes the energy of fluorescence emission
the smallest among all of the investigated metal ions, resulting
in the obvious red-shifted emission. Chemists have reported that
the possibility of resonance energy transfer depends greatly on
the degree of spectral overlap between the emission spectrum
of the fluorophore and the absorption spectrum of the analyte. The
spectral overlap is the basic requirement for an energy transfer
process. If there is no overlap, the quenching effect can be
attributed to the electron transfer process.12c,19a,29a,33 The overlap

between the absorption spectrum of aqueous Fe3+ solution and the
emission spectrum of the aqueous suspension of 1 (Fig. S5, ESI†)
further confirms that the higher quenching effect by the high
spin Fe3+ ions can be attributed to the energy transfer (ET)
mechanism.9d,e,34

In summary, the Stern–Volmer constants in both environ-
mental and simulative psychological conditions are comparable
with those of the reported novel MOF-based sensory materials
and well-designed solution-based organic compounds for the
sensing of Fe3+ ions,9d,e,32,34 indicating the potential use of 1
for efficient and selective detection of trace amounts of Fe3+ ions
in both environmental and biological systems.

Sensing of aromatic compounds. As mentioned above, rapid
and efficient detection of industry pollutants in aqueous media,
such as benzene compounds, especially for nitroaromatic
compounds (NACs), is very important. Therefore, different
benzene compounds in methanol solution (0.075 M, from
0.5 ml to 6 ml) were added incrementally into the aqueous
suspensions of 1 (2 ml) to determine its sensing behaviors
toward these aromatic compounds. It should be noted that the
volume of methanol solution added can be neglected in the
final mixture because the maximum volume is only 6 ml (from
0.5 ml to 6 ml), which is too small compared with that of the
aqueous suspension (2 ml) detected. We first selected some
general aromatic compounds, such as benzene (BZ), toluene
(TO), chlorobenzene (CB), phenol (PL) and nitrobenzene (NB)
as the analytes. The results show that only electron-deficient
nitrobenzene can quench the emission of the suspension of 1
with a quenching percentage (QP) of about 50% when the
concentration of NB is 0.075 mM (Fig. 13 and Fig. S6, ESI†).
Furthermore, the emission intensity vs. [NB] plot in low concen-
tration can be best linear-fitted into I0/I � 1 = KSV[NB] �
0.17612, which is very close to the Stern–Volmer equation
I0/I � 1 = KSV[A] (Fig. 14). The quenching coefficient KSV

(1.6 � 104 L mol�1) is comparable to those well-designed novel
MOFs for the sensing of NB.19a,29a,35

To study the quenching mechanism of NB, we firstly
recorded the PXRD pattern of the sample after immersion in
0.225 mM NB aqueous solution for five hours. The result

Fig. 12 The simulated XRD pattern of 1 calculated from single-crystal
X-ray data with Mercury 1.4.2., the PXRD patterns of the as-synthesized
sample 1 and the samples after immersion in 0.225 mM aqueous solution
of Fe3+ ions (A), HEPES aqueous buffer solution containing 0.225 mM Fe3+

ions (B), 0.225 mM aqueous–methanol solution of 4-NP (C), 4-NA (D),
2-M-4-NA (E), NB (F), 2-NP (G), 3-NP (H), 3-M-2-NP (I) and 1.3-DNB (J).

Fig. 13 Quenching percentage of fluorescence obtained for introducing
different benzene compounds (0.075 mM) into the aqueous emulsions of 1.
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indicates that the framework keeps its integrity in aqueous NB
solution (Fig. 12). Owing to the absence of porosity in the MOF,
the incorporation of NB molecules into the channels of 1 is
impossible, but the finely ground MOF particles could be
dispersed well in the aqueous suspension, which makes it
possible for the NB molecules to be adsorbed tightly on the
surface of the MOF particles and enables the possibility of
excited MOF–NB close contact. Fig. 15 shows that the absorption
spectrum of the aqueous NB solution has almost no overlap with
the emission spectrum of the suspension of 1. So, the fluorescence
quenching mechanism can be ascribed to the photo-induced
electron transfer (PET) from the electron-rich excited MOF to the
electron-deficient NB molecules.8a,16b,17,36

This interesting result encourages us to further explore the
sensing potential of 1 for other NACs. Thus, various analogues
such as 1,3-dinitrobenzene (1,3-DNB), 3-methyl-2-nitrophenol
(3-M-2-NP), 4-nitrophenol (4-NP), 3-nitrophenol (3-NP), 2-nitrophenol
(2-NP), 4-nitroaniline (4-NA) and 2-methyl-4-nitroaniline (2-M-4-NA)

were used as the investigated reagents. The basic framework of 1
keeps high stability in all of the corresponding aqueous solutions
of NACs (Fig. 12), which makes it possible for us to explore
the sensing behaviors of the MOF for these NACs in aqueous
medium. Similar to the method of studying the sensing property
for NB, the methanol solutions of the corresponding NACs
(0.075 M) were gradually added into the aqueous suspensions
of 1 (2 ml) and sonicated for about three minutes, then the
fluorescence responses were immediately recorded by photo-
luminescence spectroscopy. The results show that all NACs can
weaken the fluorescence intensity of the suspension of 1, but the
quenching percentage exhibits a big difference. Fig. 16 shows
the fluorescence quenching percentage (QP) when the concen-
tration of the corresponding NACs is 0.075 mM in the aqueous
suspension. The addition of 3-NP, 3-M-2-NP, NB and 1,3-DNB
solution caused relatively little fluorescence intensity change of
the suspension, but the introduction of nitroaniline homologues
(4-NA and 2-M-4-NA) produced significant quenching of the
fluorescence intensity (0.075 mM, QP: 88.01 for 4-NA and
86.70% for 2-M-4-NA, respectively). It can be seen from
Fig. 17 that the fluorescence quenching by 4-NA and 2-M-4-NA
could be detected at a very low concentration (3.75 mM: 0.52 ppm
for 4-NA and 0.68 ppm for 2-M-4-NA), indicating the extremely
high sensitivity towards 4-NA and 2-M-4-NA. The fluorescence
intensity decreased continuously upon incremental addition of
the corresponding methanol solution of 4-NA and 2-M-4-NA into
a standard aqueous emulsion of 1, and the Cd(II)-centered
emission was almost completely quenched when the concen-
tration of 4-NA and 2-M-4-NA in the suspension finally reached
0.225 mM (QP: 98.99% for 4-NA and 97.65% for 2-M-4-NA). The
intensity versus [NACs] in the low concentration can all be best
linear-fitted into I0/I � 1 = KSV[A] + b, which are all close to the
Stern–Volmer (SV) equation, I0/I � 1 = KSV[A] (Fig. 17 and Fig. S7,
ESI†). According to the calculation, the Stern–Volmer constants
for the NACs were found to be in the following order: 4-NA 4
2-M-4-NA 4 4-NP 4 2-NP 4 NB 4 3-NP 4 3-M-2-NP 4 1,3-DNB
(Table 3, Table S1, ESI† and Fig. 18), further confirming that 1
can be used as an efficient multi-responsive fluorescent sensor
for the detection of trace amounts of some NACs, especially for

Fig. 14 Fluorescence spectra of 1 dispersed in water with incremental
addition of NB in methanol (0.075 M). The volumes of methanol solution of
NB added are indicated in the legend. Inset: the best linear-fit of I0/I � 1
versus [Fe3+] in the low concentration.

Fig. 15 The absorption spectrum of NB and the emission spectrum of 1 in
aqueous medium.

Fig. 16 Percentage of fluorescence quenching obtained by introducing
different NACs (0.075 mM) into the emulsion of 1.
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4-NA and 2-M-4-NA (KSV = 9.8 � 104 L mol�1 and 8.1 � 104 L
mol�1, respectively). The Stern–Volmer constants KSV for 2-M-4-
NA and 3-M-2-NP are smaller than those of the corresponding
4-NA and 2-NP, indicating that the electron donating group
–methyl in 4-NA and 2-NP can decrease the quenching efficiency.

To our best knowledge, 1 is the first MOF that can be used
as a potential efficient sensor for 4-NA and 2-M-4-NA
simultaneously.

Due to the absence of void space within the MOF, the
sensing mechanism might be quite different from most cases
of guest-induced quenching, in which the quencher molecules
penetrate into the MOF channels and interact with the host
framework, resulting in a photoluminescence response. Therefore,
we proposed that surface-based interactions are the main cause of

quenching for this MOF. The most efficient sensitivity of 1 for 4-NA
and 2-M-4-NA is due to the nitro group in the 4-position of the
aromatic ring having a strong electron-withdrawing and conjugate
effect, which can make 4-NA and 2-M-4-NA interact strongly
with the fluorophore via the collisional encounters between the
p conjugated moieties of the electron-rich organic ligands in the
excited MOF and the electron-deficient analytes (4-NA and 2-M-4-NA)
as well as the hydrogen bonds between the multifunctional groups
(carboxylate/sulfonate/amino) of 5-asba2� and amino/nitro groups of
4-NA and 2-M-4-NA. So, the efficient fluorescence quenching of 1 by
4-NA and 2-M-4-NA can be maintained over a long range due to
strong electrostatic interactions and the energy transfer from the
fluorophore to the analytes (4-NA and 2-M-4-NA),12c,19a,29a,33 which
was confirmed by the very large overlap between the absorption
spectra of 4-NA and 2-M-4-NA and the emission spectrum of 1 in
aqueous medium (Fig. S8, ESI†).

In Fig. 17, with the increase in concentration of 4-NA and
2-M-4-NA, there were two peaks in the emission of the MOFs:
one red-shifted peak around 450 nm and one shoulder at about
400 nm. In order to investigate the origin of these two peaks,

Fig. 17 Photoluminescence spectra and the best linear fit of I0/I � 1 versus concentration (inset) (top), the relative intensity of the maximum emission
versus concentration (bottom) of 1 dispersed in water with the incremental addition of corresponding 4-NA and 2-M-4-NA in methanol.

Table 3 Selected Stern–Volmer constants (KSV) for some NACs

NACs KSV (L mol�1) NACs KSV (L mol�1)

4-NA 9.8 � 104 2-M-4-NA 8.1 � 104

NB 1.6 � 104
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we firstly recorded the fluorescence emission spectra of the
aqueous solutions of 4-NA and 2-M-4-NA by incrementally
adding methanol solution of 4-NA and 2-M-4-NA (0.075 M) into
2 ml of water, respectively. The results indicate that there are
almost no fluorescence responses for aqueous solutions of 4-NA
and 2-M-4-NA (Fig. S9, ESI†). Considering that interactions such as
hydrogen bonding and electrostatic interactions exist between
the excited MOF and analytes, e.g., –SO3-(MOF)/–NH2(4-NA)
and –NH2(MOF)/–NO2(4-NA), these two emissions could be
attributed to the multi-recognition capability of the MOF. We
think that the two emissions shall correspond to two types of
the supramolecular ‘‘pair’’. When the concentration of the
analyte (4-NA or 2-M-4-NA) molecules is low, the system firstly
formed the supramolecular ‘‘pair’’ via interactions, e.g., hydro-
gen bonding and electrostatic interactions, occupying partial
recognition sites on the excited MOF. Once the first recognition
sites were saturated, the remaining sites began to recognize the
analyte molecules, leading to another type of supramolecular
‘‘pair’’. The more the recognition sites on the excited MOF
are occupied by the quencher molecules, the more energy will
be absorbed. Consequently, the residue of the firstly-formed
‘‘pairs’’ corresponded to the shoulder, while the later-formed
‘‘pairs’’ to the red-shifted peak.

It should be noted that, compared with 4-NP, 2-NP and
3-NP have relatively less fluorescence quenching effect on the
fluorescence intensity of the emulsion of 1 (0.075 mM, QP:
58.41 by 2-NP; 35.83 by 3-NP; 77.18% by 4-NP). The order of the
fluorescence quenching coefficients KSV for the nitrophenol
isomers in the aqueous emulsions of 1: 4-NP 4 2-NP 4 3-NP
further indicates that 1 can discriminate the nitrophenol iso-
mers efficiently. To our best knowledge, this is the first MOF
that can be used to discriminate nitrophenol isomers efficiently

through fluorescence sensing. The Stern–Volmer constant KSV

(6.1 � 104 L mol�1) for 4-NP is comparable with those of the
reported MOFs as efficient fluorescence sensors for 4-NP,37

indicating that 1 can also be used to detect 4-NP selectively
among the three nitrophenol isomers (2-, 3-, 4-NP), which is
possible due to the –OH group of 4-NP having the highest
acidity among three isomers. Thus, the highest acidic –OH
group of 4-NP deprotonates relatively easily into anions, which
can generate the strongest long range electrostatic interactions
with the fluorophore, leading to the efficient energy transfer
from the excited MOF to 4-NP. This is also confirmed by the
relatively large overlap between the absorption band of aqueous
solution of 4-NP and the emission band of the emulsion
of MOF (Fig. S10, ESI†). So, the quenching mechanism is
very similar to that of the nitroaniline homologues (4-NA and
2-M-4-NA).12c,19a,29a,33

Experimental section
Materials and characterization

The auxiliary flexible nitrogenous ligand 1,4-bis(1H-imidazol-1-yl)-
butane (bimb), was synthesized according to the documented
method.38 The other reagents were obtained commercially.

FT-IR spectra (400–4000 cm�1) were recorded from a KBr
pellet in a Magna 750 FT-IR spectrophotometer. The fluores-
cence spectra were recorded using an F-4500 Fluorescence
spectrophotometer (Hitachi). Both the excitation and emission
pass width were 5.0 nm. Solid state diffuse reflectance UV-vis
spectra were collected on a finely ground powder sample with
a Cary 5000 spectrophotometer. Diffuse reflectivity was deter-
mined from 200 to 800 nm using BaSO4 as a standard with
100% reflectance. The UV-vis absorption spectra of aqueous
solution (5.63 � 10�5 M) were recorded on a UV-2501PC (Hitachi)
spectrophotometer. Thermogravimetric analysis (TGA) was run on
a NETZSCH STA 409 PG/PC instrument from room temperature to
800 1C at a heating rate of 10 1C min�1 in N2. The determination
of pH was carried out with a LeiCi PHS-25 acidometer. Powder
X-ray diffraction data (PXRD) were collected on a computer-
controlled Bruker D8 Advanced XRD diffractometer equipped
with a Cu-Ka monochromator (l = 1.5418 Å) at a scanning rate
of 0.021 s�1 from 51 to 501.

Synthesis of {[Cd(5-asba)(bimb)]}n (1)

A mixture containing CdCl2�2.5H2O (0.034 g, 0.150 mmol),
H25-asba (0.0326 g, 0.150 mmol), bimb (0.029 g, 0.150 mmol),
NaOH (0.006 g, 0.150 mmol) and H2O (8 ml) was sealed in a
Teflon reactor, which was heated at 120 1C for three days,
before it was cooled to room temperature at 10 1C h�1. Block
crystals were collected in a 65% yield. Anal. calc. for
C17H19CdN5O5S: C, 34.43; H, 3.69; N, 13.52. Found: C, 34.34; H,
3.60; N, 13.43%. IR/cm�1 (KBr): 3301 (s), 3233 (s), 3178 (s), 3137 (s),
2936 (w), 1611 (vs), 1535 (vs), 1433 (s), 1371(s), 1255 (s), 1180 (s),
1090 (s), 1022 (s), 954 (s), 892 (s), 817 (m), 755 (m), 673 (s), 584 (s).

The phase purity of 1 was further verified by the PXRD
pattern of the bulk sample which is consistent with the

Fig. 18 Corresponding (I0/I � 1) versus concentration plots of the ana-
lytes for 1.
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corresponding simulated one calculated from single crystal
X-ray diffraction data with Mercury 1.4.2 (Fig. 7).39

Single-crystal X-ray structure determination

Crystallographic data for 1 were collected at 293(2) K with a
Siemens SMART CCD diffractometer using graphite-mono-
chromated (Mo/Ka) radiation (l = 0.71073 Å), c and o scans
mode. The structure was solved by direct methods and refined
by full-matrix least-squares on the 7F72 method. Intensity data
were corrected for Lorenz and polarization effects and a multi-
scan absorption correction was performed. All non-hydrogen
atoms were refined anisotropically. The carbon/nitrogen-bound
H atoms of 1 were added geometrically and allowed to ride on
their respective parent atoms. The contribution of these hydro-
gen atoms was included in the structure factor calculations. All
calculations were carried out using the SHELXL-97 program.40

Crystallographic data and experimental details for 1 are given
in Table 1.

Fluorescence sensing study

Sensing of solvents. Finely ground samples of 1 (1.29 mg)
were dispersed in 50 ml of solvents: H2O, methanol, ethanol,
acetone, acetonitrile, cyclohexane, DMSO, DEF, DMA and DMF
(5 � 10�5 M). The emulsion was placed in a 2 ml cuvette with
1 cm width and then sonicated for about three minutes. The
fluorescence emission spectra were recorded immediately.

Sensing of aromatic compounds. Methanol solutions of the
corresponding aromatic compounds (0.075 M) were added
incrementally into the aqueous emulsions of 1 (2 ml, 5 � 10�5 M)
and sonicated for about three minutes. The fluorescence responses
were then measured at once.

Sensing of metal ions. The same procedures as those for
sensing the aromatic compounds were followed, except that the
methanol solutions of aromatic compounds were replaced by
aqueous solutions of (NH4)2Fe(SO4)2�6H2O and M(NO3)x

(Mn+ = Na+, K+, Mg2+, Ca2+, Sr2+, Ba2+, Zn2+, Cd2+, Cu2+, Ag+,
Mn2+, Co2+, Ni2+, Al3+, Eu3+, Tb3+, Cr3+ and Fe3+).

Study in the simulative physiological conditions. Based on
the literature method,41 2-[4-(2-hydroxyethyl)-1-piperazinyl]ethane-
sulfonic acid (HEPES) was used as the reagent to create the
simulative physiological conditions. HEPES aqueous buffer
solution (20 mM, pH = 7) was prepared by adding 238 mg of
HEPES into 50 ml of water. Then, the finely ground sample of 1
(1.29 mg) was dispersed into 50 ml of HEPES aqueous buffer
solution (5 � 10�5 M).

Conclusions

In summary, a novel Cd(II)–organic framework 1 based on the
multi-functional ligand H25-asba with a-Po topology has been
successfully prepared, which exhibits excellent photolumines-
cence properties with solvent-dependent fluorescence intensities,
and the strongest emission is observed in water. MOF 1 can
rapidly and selectively sense Fe3+ ions in environmental and
biological systems at about a one ppm level. The most striking

property of 1 is its rapid and efficient detection for trace
amounts of some NACs in aqueous medium, especially for
nitroaniline homologues (4-NA and 2-M-4-NA), which makes
it a promising potential fluorescent sensor simultaneously for
these NACs. The systematic study reveals that 1 shows better
fluorescence sensing towards nitroaniline homologues (4-NA
and 2-M-4-NA) than other electron-deficient aromatics. To
our best knowledge, 1 is the first example of a MOF-based
fluorescent probe for 4-NA and 2-M-4-NA. Furthermore, 1 can
discriminate the nitrophenol isomers (2-, 3- and 4-NP) effi-
ciently through fluorescence sensing. In short, 1 is a novel
MOF-based sensor with multi-responsive fluorescence sensing
properties. Further studies will focus on the construction of
other photoluminescent MOFs based on the multifunctional
ligand H25-asba and their potential application in the detection
of environmental chemical pollutants.
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