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ABSTRACT: Porous phosphonate-based organic−inorganic
hybrid materials have been shown to have novel and amazing
physicochemical properties due to the integration of superi-
orities from both inorganic components and organic moieties.
Herein, mesoporous cerium phosphonate nanostructured
hybrid spheres are prepared with the assistance of cationic
surfactant cetyltrimethylammonium bromide while using ethyl-
ene diamine tetra(methylene phosphonic acid) as the coupling
molecule. The resulting hybrid is constructed from the cerium
phosphonate nanoparticles, accompanied by high specific
surface area of 455 m2 g−1. The uniform incorporation of
rare-earth element cerium and organophosphonic function-
alities endows mesoporous cerium phosphonate with excellent
fluorescence properties for the development of an optical sensor for selective Hg2+ detection on the basis of the fluorescence-
quenching mechanism. The signal response of mesoporous cerium phosphonate against the Hg2+ concentration is linear over the
range from 0.05 to 1.5 μmol L−1, giving a limit of detection of 16 nmol L−1 (at a signal-to-noise ratio of 3). Most of the common
physiologically relevant cations and anions did not interfere with the detection of Hg2+. This label-free system provides a
promising platform for further use in bioimaging and biomedical fields.
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1. INTRODUCTION

By combining the virtues of materials science and nano-
technology, nanomaterials have aroused intense research
interest in sensing detection of proteins, nucleic acids, and
small molecules due to their peculiar optical, electronic, and
catalytic properties.1−4 Significantly, tremendous recent atten-
tion has been turned toward the rational design of nanoma-
terial-based sensors based on interactions between guest species
and host nanomaterials with diverse compositions, dimensions,
and morphologies.5−8 With the increasing consideration of
healthiness and sustainable environment, efficient detection of
heavy transition-metal ions is a significant issue throughout the
world because of the high toxicity. The mercury ion (Hg2+) is
ranked among the highly toxic metal ions and considered as
one of the most dangerous and ubiquitous contaminants. There
is a need to design an effective probe to detect Hg2+ at a low
concentration in water. However, various drawbacks of the
specific nanomaterials prohibit the application potential for
detecting Hg2+. Nanostructured carbons including carbon
dots,9,10 carbon nanotubes,11 fullerene,12 and graphene
oxide13 have been investigated as Hg2+ sensing platforms,
wherein the carbon-related sensors are designed on the basis of
their capability to quench previously labeled fluorescent probes,
suggesting that the complicated process of fluorescent dye

labeling and multistep chemical modifications are indispensable
during the general measurements. On the other hand, as
efficient fluorophores and the most widely used nanomaterials
in sensing research, semiconductor nanocrystals or quantum
dots (QDs) are usually nondispersible in water, and surface
modification by organic capping agents or biomolecules is
required to achieve good water-solubility and to enhance their
interaction with guest ions.14,15 It should also be noteworthy
that the classical QDs contain heavy metal elements such as Cd,
Hg, and Pb, which inevitably present biotoxicity and can further
result in pollution. Also, noble metal nanoclusters demonstrate
the superiorities of high fluorescence efficiency and size-tunable
emission,16,17 though elaborate preparation and postmodifica-
tion are needed to realize the desired emission efficiency and
water solubility. As a result, it remains a great challenge to
develop an environmental-friendly sensing system for Hg2+

detection that involves no fluorescence labeling and heavy/
noble metals.
Metal phosphonate hybrid materials have been proven to be

multifunctional across the areas of adsorption, catalysis,

Received: July 15, 2014
Accepted: August 28, 2014
Published: August 28, 2014

Research Article

www.acsami.org

© 2014 American Chemical Society 16344 dx.doi.org/10.1021/am504554h | ACS Appl. Mater. Interfaces 2014, 6, 16344−16351

www.acsami.org


photoelectrochemistry, and bioapplications, due to the nearly
infinite function modulation through judiciously changing the
inorganic metallic units and organic phosphonic bridging
groups in the homogeneous hybrid frameworks.18−20 Meso-
porous phosphonate-titania hybrid nanoparticles could perform
as a bifunctional system for simultaneous bioresponsive sensing
and controlled drug release, in which fluorescein labeled
oligonucleotides were employed as the fluorescent probes.21

Heavy metal ions can be efficiently removed from the
wastewater by porous metal phosphonate hybrid adsorbents
since the organic functionalities can supply interaction sites.22,23

Nonetheless, metal phosphonates have rarely been used in
direct metal ion sensing applications. Noticeably, much of the
research on lanthanide phosphonates is targeting novel
luminescence properties,24,25 which renders them a great
potential in optical sensing detection. However, one of the
major constraints that needs to be tackled before the practical
application is the congested porous structures,24,26 resulting in
limited interaction between host phosphonates and guest
species. Although plentiful strategies have been taken to
improve the resultant porosity including attaching additional
functional groups on the organophosphonic linkages and
utilizing secondary ligands,18,24 the conventional complicated
preparation makes them inconvenient and less cost-effective.
Thus, a facile method is urgently required to prepare lanthanide
phosphonates with well-structured porosity to cater to the
ultimate detection purpose.
Herein, we report a surfactant-assisted approach to

synthesize mesoporous cerium phosphonate nanostructured
spheres using cationic surfactant cetyltrimethylammonium
bromide (CTAB) and an polydentate claw molecule, ethylene
diamine tetra(methylene phosphonic acid) (EDTMP). It is
confirmed that the organophosphonic linkers are homoge-
neously immobilized in the mesoporous hybrid network, and
the synthesized cerium phosphonate presents considerable

photoluminescence and good dispersity in water. These
attractive features endow the resulting cerium phosphoante
with the applicability for constructing a sensing platform to
detect highly toxic Hg2+, and the excellent sensing is achieved
by monitoring the fluorescence decay. This is the first report to
explore metal phosphonates as detection systems to the best of
our knowledge. The platform based on cerium phosphonate
provides a promising alternative label-free and cost-effective
sensing methodology.

2. EXPERIMENTAL SECTION
2.1. Synthesis of Mesoporous Cerium Phosphonate Nano-

structured Spheres. In a typical synthesis procedure, EDTMP
(0.001 mol) and CTAB (0.003 mol) were dissolved in 25 mL of
deionized water, followed by stirring for 2 h at ambient temperature.
CeCl3 (0.002 mol) dissolved in 5 mL of deionized water was dropwise
added into the mixed solution under vigorous stirring, and the pH
value was adjusted by NaOH and HCl solution to be about 6.0
through the entire process. The mixture was kept at room temperature
and stirred for another 2 h before being sealed in a Teflon-lined
autoclave and aged statically at 120 °C under autogenous pressure for
24 h. The obtained product was filtered, washed with water repeatedly,
and dried at 120 °C. The removal of the surfactant was accomplished
by extracting the as-synthesized material (0.5 g) in ethanol (100 mL)
with concentrated HCl (2 mL) for 20 h, and this process was repeated
three times. The final material, mesoporous cerium phosphonate
nanostructured spheres, was abbreviated as CeP-NS. In the meantime,
cerium phosphonate nanoparticles, denoted as CeP-NP, were prepared
in a similar procedure but in the absence of CTAB.

2.2. Fluorescence Test of Cerium Phosphonates in the
Presence of Hg2+. In a typical run, a 5 mmol L−1 stock solution of
mercury nitrate was prepared, from which various Hg2+ concentrations
were prepared by serial dilution. For fluorescence quenching studies,
the interaction of cerium phosphonates and Hg2+ were conducted in
Tris-HCl (pH 7.4) buffer solution under stirring at ambient conditions
for 50 min before the spectra measurements. To evaluate the
interaction kinetics between mesoporous cerium phosphonate and
Hg2+, the Hg2+ solution was mixed with mesoporous cerium

Figure 1. SEM (a, b) and TEM (c, d) images of the CeP-NS sample.
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phosphonate, and then the time dependent fluorescence intensity was
recorded.
2.3. Selectivity and Interference Measurements. To evaluate

the selectivity of mesoporous cerium phosphonate, the following
nitrate salts were utilized including K+, Na+, Mg2+, Ca2+, Sr2+, Ba2+,
Zn2+, Co2+, Cd2+, Cu2+, and Pb2+. In order to investigate possible anion
interference in the mecury detection, the following sodium or
potassium salts were used: F−, Cl−, NO3

−, ClO4
−, CH3COO

−,
HCOO−, HPO4

2−, SO4
2−, and PO4

3−. 1.0 mmol L−1 salt stock
solutions were prepared. Subsequently, salt solutions of an appropriate
volume were mixed with cerium phosphonates in the absence or
presence of Hg2+.

3. RESULTS AND DISCUSSION
3.1. Material Synthesis and Characterization. The

synthesis of mesoporous cerium phosphonates nanostructured
spheres was performed by the addition of cerium chloride into
the aqueous solution of EDTMP in the presence of CTAB
through a mild hydrothermal process. Removal of the
surfactant was accomplished by extraction with acidic ethanol
solution at a relatively low temperature to protect the organic−
inorganic hybrid framework. The micromorphology is charac-
terized by electron microscopy technique, as shown in Figure 1.
Nanostructured spheres can be obviously seen with high yield
in the SEM images (Figure 1a and b), of which the spherical
diameter is in the range of 300−600 nm. TEM characterization
confirms the well-defined porosity throughout the whole
spheres (Figure 1c). By further magnifying the edge of a single
nanostructured sphere (Figure 1d), wormhole-like holes that
are aggregated by the cerium phosphonate nanoparticles are
observed. The absence of lattice fringes from the observation of
the high-magnification TEM image indicates the amorphous
framework of cerium phosphonates, which is further confirmed
by the selected area electron diffraction (SEAD) and wide-angle
XRD patterns (Figure S1, Supporting Information). Distinctly,
CeP-NP synthesized in the absence of surfactant is consisted of
numerous nanoparticles, resulting in irregular micromorphol-
ogy (Figure S2, Supporting Information). For the CeP-NS
sample, one single and broad diffraction peak is present in the
low-angle region (Figure S1, Supporting Information),
suggestive of the presence of mesopores without long-range
order.27

The textual properties of the synthesized hybrids were
investigated by N2 sorption analysis (Figure 2). The adsorption
isotherm of CeP-NS is between type IV and type II, indicating

the existence of mesopores with good pore connectivity. In the
desorption branch, the isotherm shows a hysteresis loop of type
H2, indicative of ink-bottle-like pores that could be originated
from the interparticle void spaces. The corresponding pore size
distribution curve estimated by Barrett−Joyner−Halenda
(BJH) model shows a distribution in the range of 3−30 nm.
The specific surface area and pore volume are determined to be
455 m2 g−1 and 0.93 cm−3 g−1, respectively. However, as to the
CeP-NP sample synthesized in the absence of surfactant, a
typical isotherm of type III with a hysteresis loop of type H3
can be observed, and the measured surface area is 172 m2 g−1

and pore volume is 0.24 cm3 g−1. This signifies the positive role
of the used surfactant species in enhancing the textual porosity
of the final hybrid material. Mesoporous cerium phosphonates
with high surface area have been seldom reported. The major
reason may be due to the fact that the spherical ligating ability
of simple organophosphonic acids would favor the formation of
layered structures with the aryl or alkyl functional groups
inhabited in the interlammellar spaces.20,24,28 The limited
interval between the organophosphonate pillars prevented the
formation of accessible porosity. However, the unprecedented
claw structures of EDTMP would perturb the general layered
modes,19,25 leading to the generation of amorphous cerium
phosphonate nanoparticles, and the involvement of surfactant
species would further improve the porous structures.
On the other side, organic surfactants can act as structure-

directing agents and are extensively used to obtain nano-
structured materials with various morphologies.29−31 For
instance, a diverse set of inorganic nanostructures with novel
morphologies have been constructed with the aid of cationic
CTAB.32,33 In the present work, the positively charged
cetyltrimethylammonium might tend to congregate and adhere
on the negatively charged tetraorganophosphonic nanodrops
based on the electrostatic attraction, leading to the generation
of microphase-separated regions in the multiple component
solution. A subsequent addition of cerium precursor would
result in the reaction with phosphonic acid to form cerium
phosphonate species, while cetyltrimethylammonium molecules
kept wrapping the new-born phosphonates. The hydrothermal
aging process would promote the adjacent capped cerium
phosphonate nucleus to attach to each other to lower surface
energy and form nearly spherical nanostructures by hydro-
phobic interaction and van der Waals attraction.34,35 Accord-
ingly, in the absence of cationic surfactant CTAB, the formed
cerium phosphonate nanoparticles aggregated randomly and
compactly, giving a relatively dense hybrid framework without
well-structured morphology.
The skeletal structure of the mesoporous cerium phospho-

nate material was investigated by FT-IR spectrum and NMR. In
the FT-IR spectra of CeP-NS (Figure 3), the broad band
around 3400 cm−1 and the sharp band at 1652 cm−1 can
correspond to the asymmetric OH stretching and bending
vibration of the adsorbed water molecules.36 The strong sharp
band at 1075 cm−1 can be attributed to the P−O−Ce stretching
vibrations, while the two bands at 473 and 571 cm−1 can be
assigned to characteristic stretching vibrations of Ce−O bonds.
The band at around 932 cm−1 assigned to the P−OH stretching
vibrations cannot be observed, which reveals the extensive
coordination with the cerium atoms, leading to mainly
bidentate phosphonate units. The weak band at 1321 cm−1

can be attributed to the C−N stretching vibrations. The two
weak bands at 1427 and 1462 cm−1, corresponding to the C−H
bending and P−C stretching modes of the methylphosphonic

Figure 2. (a) N2 adsorption−desorption isotherms of the synthesized
cerium phosphonate materials and (b) the corresponding pore size
distribution curves.
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moiety, can also be observed. The bands in the 2800−3000
cm−1 range correspond to the C−H stretching vibrations of the
methylene carbon atoms in the organophosphonic ligands of
the hybrids. The feature around 2340 cm−1 is typical of the
antisymmetric stretching mode of pysisorbed CO2 in the
porous cerium phosphonate hybrid material.37 The 31P and 13C
MAS NMR spectra of the CeP-NS material are depicted in
Figure S3, Supporting Information. One broad signal located at
10.2 ppm can be seen in the 31P NMR spectrum, which is
characteristic of metal phosphonates.38 And the broadening of
the resonance signal is due to the amorphous nature of solids,
coinciding with SEAD and XRD analysis. No sharp 31P NMR
resonance signal at −4 ppm can be observed, indicating that
layered phosphonate phases23,39 are not presented in the
present mesoporous cerium phosphonate material. Moreover,
13C MAS NMR spectrum shows two major signals at 55.1 and
12.5 ppm, attributable to the carbon atoms in nitrilemethyle-
nephosphonate groups and the bridging −(CH2)− groups,
respectively.
High-resolution XPS were taken to illustrate the surface

chemical state of CeP-NS (Figure 4). The XPS spectrum for

the Ce 3d core region is composed of two multiplets assigned
to the spin−orbit split 3d5/2 and 3d3/2 separated by
approximately 18.6 eV, while accompanied by two satellite
peaks. This feature can be identified as the Ce3+ state in the
cerium phosphonate material.40,41 P 2p XPS spectra is
symmetric with a maximum at binding energy of 131.1 eV,
indicating the presence of exclusive P species, which is
attributed to the P moieties in the organophosphonate ligands.
The N 1s spectra shows twin peaks at around 398.6 and 401.1
eV, respectively, corresponding to the bridging N in the hybrid.
Curve-fitting of the high-resolution spectrum of the O 1s
asymmetric photoelectronic peak reveals that there are two
kinds of oxygen. The main peak situated at 530.2 eV can be
associated with the oxygen in the P−O−Ce linkages, and the
other shoulder peak at 531.1 eV can be assigned to the
existence of abundant surface hydroxyls or chemically adsorbed
water molecules, thereby ensuring the good dispersity of CeP-
NP in aqueous solution at a low concentration. The thermal
stability of CeP-NS was determined by thermogravimetry and
differential scanning calorimetry (TG−DSC) analysis. The TG
curve in Figure S4, Supporting Information, shows an initial
weight loss of 7.7% from room temperature to 205 °C
accompanied by a shoulder endothermal peak at 72 °C that can
be related to the desorption of physically adsorbed and
intercalated water molecules. The weight loss of 12.5% in the
region of 204−690 °C corresponds to the decomposition of
organic species in the materials. The weight in the relatively
high temperature range of 690 to 1000 °C resuls from the
combustion of residual coke species. Hence the character-
izations above suggest that organophisphonic moieties and
cerium centers are homogeneously and tightly linked within the
mesoporous cerium phosphonate hybrid framework.

3.2. Hg2+ Sensing. Mercury is a highly toxic element in
ecosystems even at an extremely low concentration. Therefore,
developing efficient methods to efficiently detect Hg2+ that
allow sensitive and selective assays in aqueous media is in
urgent demand. Numerous available techniques have been
developed to detect the mercury level in the environment, such
as high performance liquid chromatography, inductively
coupled plasma atomic emission spectroscopy, and plasma
mass spectroscopy.42,43 But sophisticated instruments and
sample treatments make these approaches time-consuming
for data acquisition. By contrast, the fluorescent detection
techniques for determination of metal ions are one of the best
methods owing to the high sensitivity, portability, and low cost.
Up to now, a number of systems such as semiconductor
QDs,36,44 noble metal nanocluster,45,46 and some fluorophore-
labeled systems47,48 have been broadly investigated to monitor
Hg2+ according to the fluorescence variation of the detection
systems. We for the first time employ environmental-friendly
mesoporous phosphonate-based hybrid materials as a sensing
probe to establish a label-free fluorescent platform for Hg2+

detection.
The fluorescence emission spectra of the synthesized

materials in the presence or absence of Hg2+ were recorded
to evaluate the corresponding quenching ability. Figure 5 shows
that the cerium phosphonates exhibit strong emission peaks
centered at 352 nm, which can be ascribed to d−f transitions
due to the spin−orbit splitting of the ground state of Ce3+.49,50

Remarkably, the CeP-NS material constructed from the
aggregation of hybrid nanoparticles with well-developed
mesoporosity and high surface area can significantly enhance
the absorption efficiency of the excitation light and promote the

Figure 3. FT-IR spectra of pure EDTMP and the CeP-NS material.

Figure 4. High-resolution XPS spectra of (a) Ce 3d, (b) P 2p, (c) N
1s, and (d) O 1s core levels in CeP-NS hybrid.
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quantum confinement effect,51 which leads to much stronger
fluorescence emission as compared to that of CeP-NP. For the
CeP-NS sample, the quenching efficiency can be reached 90.3%
upon interaction with 5 μmol L−1 Hg2+, whereas only 56.4%
quenching can be observed for CeP-NP, which can be due to
the fact that mesoporous cerium phosphonate with prepon-
derant porosity and much higher surface area provides
abundant surface sites to interact with guest Hg2+ ions.
Moreover, the fluorescence quenching kinetics was inves-

tigated to find the suitable reaction time between Hg2+ and the
cerium phosphonates (Figure 6). According to the experiment,
the fluorescence intensity decreases gradually in the first 50 min
and reaches equilibrium with further prolonging the reaction
time. An optimal reaction time of 50 min was thus determined
before the fluorescence measurement in this work. Considering
the remarkable quenching effect of CeP-NS after the addition
of Hg2+, the possibility of exploiting a novel cerium-
phosphonate-based fluorescence sensor for Hg2+ was then
evaluated in detail. The fluorescence signal intensity is
intimately dependent on the concentration of Hg2+ and can
be analyzed using the Stern−Volmer equation:52,53

= + +F F K/ 1 [Hg ]0 SV
2

where F0 and F are the fluorescence intensity at 352 nm in the
absence and presence of Hg2+, respectively, KSV represents the
Stern−Volmer fluorescence quenching constant, which is a
measurement of the quenching efficiency of the quencher, and

[Hg2+] is the concentration of Hg2+. The calibration curve in
Figure 6b displays a good linear relationship (R2 = 0.9901) of
F0/F versus [Hg2+] over the range from 0.05 to 1.5 μmol L−1,
accompanied by a KSV = 3.28 × 106 L mol−1. The limit of
detection (LOD) of the cerium phosphonate nanostructured
hybrid spheres for Hg2+ detection, calculated on the basis of the
eq 3σ/slope (where σ is the standard deviation of the
fluorescence intensity in the absence of metal ions), was 16
nmol L−1, which is lower than the toxicity level of Hg2+ in
drinking water (30 nmol L−1) defined by World Health
Organization (WHO). The present organic−inorganic hybrid
probes more sensitive than that of state-of-the-art sensing
systems reported to date in terms of LOD, i.e., fluorescent
ssDNA-GO (30 nmol L−1),13 BSA-protected Au nanoclusters
(80 nmol L−1),45 and cysteine-functionalized Ag nanoparticles
(65 nmol L−1).54

The fluorescence response of the CeP-NS in the presence of
interferential metal ions was examined to test the selectivity of
the present sensing platform. The corresponding fluorescence
intensity variation of the CeP-NS toward a variety of common
metal ions is shown in Figure 7a. Negligible interference upon
the addition of Na+, K+, Mg2+, Ca2+, Sr2+, Ba2+, Zn2+, Co2+,
Cd2+, Pb2+, and Cu2+ (with the same concentration as Hg2+)
can be observed implying that the fluorescent mesoporous
cerium phosphonate material possess excellent selectivity
toward Hg2+ sensing. On the other side, possible interference
from common anions was investigated. Figure 7b demonstrates
that there is little change in the emission in the presence of
Hg2+ with the coexistence of 1.2 μmol L−1 F−, Cl−, NO3

−,
ClO4

−, HCOO−, CH3COO
−, SO4

2−, HPO4
2−, and PO4

3− as
compared to that in the presence of single Hg2+. These results
suggest the potential applicability of the present mesoporous
cerium phosphonate for the Hg2+ detection in real samples.
Therefore, a novel and attractive label-free fluorescent sensing
paltform for the detection of Hg2+ in the aqueous system has
been developed on the basis of mesoporous cerium
phosphoante hybrid nanostructured spheres.
With regard to the quenching mechanism, Foster resonance

energy transfer (FRET) is ruled out because there is no
spectrum overlap between the absorption of Hg2+ and the
emission of cerium phosphonate (Figure S5, Supporting
Information). XPS studies were further carried out on the
Hg2+-incorporated cerium phosphonate sample to illustrate the
possible mechanism for such fluorescence quenching effect by
Hg2+. In comparison with the pristine CeP-NS, no significant
changes in the C 1s and O 1s can be observed as to the Hg2+-

Figure 5. Fluorescence emission spectra of CeP-NS and CeP-NP
before and after Hg2+ quenching (5 μmol L−1 Hg2+, 30 μg mL−1 CeP-
NS and CeP-NP, λEX = 300 nm).

Figure 6. (a) Time-dependent fluorescence quenching of the CeP-NS fluorescent hybrid by Hg2+ (5 μmol L−1 Hg2+, 30 μg mL−1 CeP-NS). (b) The
titration plot of CeP-NS with Hg2+ in the concentration range from 0.05 to 1.5 μmol L−1, showing a linear fit to the Stern−Volmer equation.
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incorporated phosphonate sample (Figure S6, Supporting
Information), which suggests the inappreciable interaction
between Hg2+ ions and carbon, oxygen and phosphor atoms.
However, the N 1s peaks of the nitrogen atoms are shifted to
higher binding energy at 401.3 and 399.2 eV upon the addition
of Hg2+, revealing the substantial binding of the bridging
nitrogen atoms in the phosphonate linkers to Hg2+. Thus, static
quenching might promote the decrease of fluorescence
intensity owing to the formation of a stable nonfluorescent
complex between CeP-NS and Hg2+. Furthermore, the electron
from cerium centers would transfer to the coordinated mercury
ions due to the suitable redox potential of Hg2+.55,56 The
occurrence of static quenching and electron transfer process
would lead to the obvious decrease of fluorescence intensity. As
the alkali (i.e., Na+ and K+) and alkaline-earth (i.e., Mg2+, Ca2+,
Sr2+, and Ba2+) metal ions are not bound to the nitrogen atoms
due to that pyridine-type nitrogen sites chemically immobilized
on the hybrid framework show a selective sensing function with
respect to the guest metal ions,57,58 their influence on the
fluorescent variation are negligible. The selectivity for Hg2+

toward fluorescence quenching of cerium phosphonate over
other transition metal ions can be due to the relatively greater
affinity of Hg2+ toward nitrogen atoms, larger ionic radius of
Hg2+ and its capability to form an energetically favorable
complex with cerium phosphonate,59,60 as illustrated in Scheme
1.
The response of the CeP-NS hybrid material toward Hg2+

was found to be reversible. Upon the addition of Hg2+ chelating
agent (disodium ethylenediamine tetraacetate, abbreviated as
EDTA), the fluorescence could be effectively restored. After

quenching by Hg2+, the fluorescence of CeP-NS could return to
98.2% of the initial value when enough EDTA was added.
Furthermore, the introduction of 5 μmol L−1 Hg2+ could lead
to a quenching efficiency of about 90% for the recovered hybrid
materials, suggesting the meaningful recoverability and
reusability of the present fluorescent organic−inorganic hybrid
detection systems. Although lanthanide-based metal−organic
frameworks (MOFs) with valuable luminescent properties,
which can be defined as crystalline organic−inorganic hybrids
to some extent, have been gradually utilized as optical sensing
materials.61−63 Nevertheless, there are still some knotty
problems. The major one is the insufficient water-solubility
that restricts the further uses in biologic systems, and the
emission band usually contains multipeaks, reducing the
monochromaticity and measurement precision. Hence, the
present mesoporous cerium phosphonate hybrid nanostruc-
tured spheres with well-defined porosity and good dispersity in
water hold a promising potential for practical biosensing
applications.

4. CONCLUSIONS

Mesoporous cerium phosphonate hybrid with well-structured
micromorphology has been prepared through a facile hydro-
thermal method with the assistance of cationic surfactant. The
spherical cerium phosphonate material that possessed high
specific surface area is confirmed to consist of homogenesously
linked inorganic cerium units and organophosphonic linkers.
The resultant inherent photoluminescence property and
organic functionalities make it a novel optimal platform for
Hg2+ detection with excellent sensitivity and selectivity, and a
limit of mercury ions detection of 16 nmol L−1 is determined.
These results have an important significance for developing the
applicable scope of lanthanide-based phosphonate fluorescent
materials and structural sensors. We suggest that the label-free
cerium phosphonates with promising biocompatibility can be
used in research of new luminous materials in the areas of
medical diagnostics, cell biology, and sensing devices for ion
detection.
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