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ABSTRACT: A layerlike MOF (MIL-124, orGa,(OH),(Cy04H,)) has been
prepared and chosen as a parent compound to encapsulate Eu®" cations by one
uncoordinated carbonyl group in its pores. The Eu**-incorporated sample
(Eu**@MIL-124) is fully characterized, which shows excellent luminescence
and good fluorescence stability in water or other organic solvents.
Subsequently, we choose Eu*’ @MIL-124 as sensitive probe for sensing metal
ions, anions, and organic small molecules because of its robust framework.
Studying of the luminescence properties reveals that the complex Eu**@MIL-
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124 was developed as a highly selective and sensitive probe for detection of
Fe®* (detection limit, 0.28 M) and Fe®' ions through fluorescence quenching of Eu** and MOF over other metal ions. In
connection to this, a probable sensing mechanism was also discussed in this paper. In addition, when Eu**@MIL-124 was
immersed in the different anions solutions and organic solvents, it also shows highly selective for Cr,0,*” (detection limit, 0.15
uM)and acetone. Remarkably, it is the first Eu-doped MOF to exhibit an excellent ability for the detection of Fe*" and Fe** in an
aqueous environment without any structural disintegration of the framework.
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Cr,0,*~ and acetone sensing

B INTRODUCTION

As the most abundant transition metal in cellular systems,1 iron,
presenting in both Fe(II) and Fe(IlI), plays an indispensable
role in many biological processes because it widely exists in the
structures of numerous enzymes, proteins, and transcriptional
events.””® Either its deficiency or excess can disturb cellular
homeostasis and metabolism. The damages to cells may further
result in many kinds of disease, such as hepatitis, cancer,
neurodegenerative Alzheimer’s disease, and Parkinson’s dis-
ease.! Therefore, selective detection or sensing of iron over
other metal ions seems to be very important for human health.
In fact, many works have successfully reported the sensing of
Fe**.°~'> However, there are only a few fluorescent sensors that
select Fe** over Fe®*, pyrene-TEMPO, DansSQ, and BPD-Cy-
Tpy,” ™" all of which are small molecule sensors. Selective
sensing of Fe’ and Fe®', simultaneously, without the
interference of other mixed metal ions through fluorescence
quenching is still a challenge now.

Over the last two decades, extensive efforts on metal—organic
frameworks (MOFs), a family of porous materials constructed
by the assembly of metal-containing units with appropriate
organic linking groups, have led to not only the creation of a
huge number of diverse topologies with aesthetic beauty but
also to some important applications, such as gas storage,"®™>°
separation,” ~>* heterogeneous catalysis,*>* sensing,>’>* and
drug delivery.>>** Among the large number of MOFs, Ln-
MOFs have been receiving increasing attention because they
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are useful for the development of sensing technologies, among
other applications. It needs to be referred that the potential
application in fluorescence sensors of Ln-MOFs becomes
attractive because of their virtues of high color purity, high
luminescence quantum efficiencies, and a wide range of
lifetimes.>® The pioneering work by the Chen group has
focused on various Ln-MOFs materials for the sensing and
detection of various metal ions, anions, and small molecules,
including Cu?*, F7, acetone, DNT, and so on 373 Besides,
considerable efforts have been focused on the detection of Zn*",
Mg**, Ag’, Cu®*, and Fe*" ions based on Ln-MOFs.*™%To
date, several mechanisms have been explored for metal—ligand
coordination interaction (weak binding of metal ions to
heteroatom (N or O) within the ligands) and intramolecular
energy transfer from the ligand to metal ion.**~* Recently, an
alternative strategy to construct lanthanide-based MOFs is by
postsynthetic method (PSM) whose chemical modification can
be performed on the fabricated material rather than on
molecule precursors.** An increasing number of Ln-doped
MOFs, such as AI-MIL-53-COOH, MIL-121, MIL-53, and
MOF-76,°°"%> have been used as luminescence probes to
detect metal ions, anions, and organic small molecules.
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Stimulated by this, herein we choose a lanthanide-doped MOFs
prepared by PSM as the luminescent sensor.

In our context, performing a layerlike structure, MIL-124
(Ga,(OH),(Cy0O¢H,)) was prepared through a facile hydro-
thermal approach and chosen as a parent framework. A new
class of lanthanide-doped luminescence MOFs was obtained
through encapsulating Eu®" cations in MIL-124, which shows
the high thermal and chemical stabilities. What is more, Eu**@
MIL-124 was developed as highly selective and sensitive
fluorescence probe targeting Fe’* and Fe®' ions in aqueous
solutions. That can be probed by the fact that they have
different quenching effect to Eu** and MIL-124. The possible
sensing mechanisms toward to Fe®* and Fe* were also
discussed in detail. In addition, the Eu**@MIL-124 has also
been chosen as a fluorescence probe to sensing anions and
organic small molecule. The results indicate that both anions
and organic small molecule have fluorescence quenching effect
to Eu’*@MIL-124, especially in the case of Cr,0," and
acetone, which will cause adverse effects on human health and
environment. The color changing can be observed by naked
eyes under the UV-light irradiation. As expected, Eu’>*@MIL-
124 is suitable for becoming one fluorescence probe with high
selective.

B EXPERIMENTAL SECTION

Synthesis of MIL-124. MIL-124 was hydrothermal synthesized
from a mixture of Ga(NO;);«H,0 (0.6 g 2.4 mmol), 1,2,4-H;btc
(0.37 g, 1.8 mmol), and H,O (S mL, 227.8 mmol) described in the
literature.'” The mixture was further stirred 30 min before transferring
the resulting suspension to a Teflon-lined steel autoclave, and then
heated at 210 °C for 24 h. The initial and final pH values were 0.4 and
0.6, respectively. The white powered solid were collected by
centrifugation at 13000 rpm for 5 min, washed three times with
deionized water, and dried at 100 °C for 24 h.

Preparation of Eu*>*@MIL-124. Eu** @MIL-124 was prepared by
soaking MIL-124 (100 mg) into the ethanol solution of EuCl;-6H,0
(10 mL, 2 mmol) for 2 days. After separating by centrifugation and
washing with ethanol to remove residual Eu®*, the resulting white
powder was dried under a vacuum at 80 °C for 6 h.

Luminescence Sensing Experiment. Eu**@MIL-124/M or
Eu**@MIL-124/anion was prepared by introducing Eu**@MIL-124
power (2 mg) into aqueous solution (2 mL, 1 X 107> molL™") of MClI,
(Mn+ - K+, Na+, Hg2+, Cd2+, Ca“, Ni2+, C02+, Mn7'+, Cu2+, Fe7'+, Al3+,
Fe**) or anion (anion = F~, CI7, Br, I, NO;7, SO42_, CrO42_,
Cr,0,%7) at room temperature. For the experiments of sensing small
molecules, 2 mg Eu**@MIL-124 was immersed in same amounts (2
mL) of small molecules solvents. The mixtures were then used for
luminescence measurements. The luminescence data were collected
after 5 min.

Materials and Instrumentation. All the solvents and reagents
(analytical grade and spectroscopic grade) were obtained commercially
and used as received. Gallium nitrate hydrate (Ga(NO,);«H,0,
99.9%) and 1,2,4-benzenetricarboxylic acid (noted 1,2,4-H;btc,
C¢H;(CO,H)3, 99%) were used to synthesize MIL-124 bought from
Aldrich. The salts of EuCl;-6H,O were prepared by dissolving Eu,0;
into excess hydrochloric acid (37%). Aqueous solutions of K', Na*,
Hg**, Cd*, Ca**, Ni**, Co?*, Mn?*, AI**, Cu**, and Fe®* were prepared
from chlorate salts; Fe** solution was prepared from ferrous chloride
and used immediately. PXRD patterns were obtained on a Bruker D8
diffractometer using Cu Ko radiation with 40 mA and 40 kV and the
dates were collected within the 26 range of 5—50°. Scanning electronic
microscope (SEM) images were recorded with a Hitachi S-4800.
Fourier transform infrared (FTIR) spectra were recorded in the range
4000—400 cm ™" on a Nexus 912 AO446 spectrophotometer using KBr
pellets. Thermogravimetric analysis (TGA) was carried out on a
Netzsch STA 449C system at a heating rate of 5 K min~" from 40 °C
temperature to 800 °C under nitrogen atmosphere in the Al,O;
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crucibles. Excitation and emission spectra and luminescence lifetime
() of the solid samples were recorded on Edinburgh FL920
spectrophotometer using a 450 W xenon lamp as excitation source.
The outer luminescent quantum efficiency was measured by an
integrating sphere (150 mm diameter, BaSO, coating) from Edinburgh
FL920 phosphorimeter. The spectra were corrected for variations in
the output of the excitation source and in the detector response. The
quantum yield can be defined as the integrated intensity of the
luminescence signal divided by the integrated intensity of the
absorption signal. The absorption intensity was calculated by
subtracting the integrated intensity of the light source with the sample
in the integrating sphere from the integrated intensity of the light
source with a blank sample in the integrating sphere. All the
measurements were performed at room temperature.

Bl RESULTS AND DISCUSSION

Characterization of Eu**@MIL-121. MIL-124 was hydro-
thermally synthesized using Ga(NO;);-xH,0, 1,2,4-H;btc, and
H,O as reported.”® The experimental PXRD pattern of the
synthesized MIL-124 was in good agreement with the
simulated one, showing the successful preparation of MIL-
124 (Figure la). The SEM image of the MIL-124 phase (see
Figure S1 in the Supporting Information) shows large crystals
with the dimension in the range of 100—250 ym.Representa-
tion of the structure of the gallium trimellitate MIL-124 (see
Figure S2 in the Supporting Information) shows a layerlike
network developing in the (a, c) plane. In the structure,
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Figure 1. PXRD and TGA of MIL-124 and Eu**@MIL-124.
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adjacent inorganic chains are linked to each other through the
carboxylate functions in 1,2 positions of the trimellitate ligand,
with a syn—syn bidentate modebridging the two gallium atoms
Gal and Ga2. That results a free carboxylate function (4-
position), which can be funded in the FTIR spectra of MIL-124
in Figure S3 in the Supporting Information. The broad band at
3000—2500 cm™' is ascribed to the characteristic stretching
vibrations of O—H in free carboxylic acid. Beside the peak at
1700 cm™" belongs to 0c—ougee Whereas the peak at 1564 cm™
belongs to U oponded- Afterward, MIL-124 was immersed in an
ethanol solution of EuCl, for Eu** encapsulation by connecting
to the free-:COOH of MIL-124. As shown in Figure S4, the
absorption band of MIL-124 show a significant red-shift (~13
nm) after binding to Eu* ions. This indicates the formation of
coordination bonds between the Eu** and free-COOH of MIL-
124.*After introducing Eu®" into the MOF, the compounds
can maintain the crystalline integrity, as shown by the PXRD
patterns (Figure la).

The as-prepared Eu** @MIL-124 was also monitored by TG
analysis from 40 to 800 °C (Figure 1b). The TGA exhibits two
events of weight losses in which Eu**@MIL-124 shows good
thermal stability similar to MIL-124. The first step occurs in the
range of 250—350 °C, which assigns to the partial
decomposition of the organic ligand with the removal of the
nonbonded CO, species. The second weight loss between 450
and 600 °C is attributed to the departure of the remaining
organic part together with H,O coming from the dehydrox-
ylation. The final plateau from 600 °C corresponds to
amorphous gallium oxide.

Luminescence Properties of Eu3>*@MIL-124. Although
free Hjbtc ligand shows weak fluorescence emission at 404 nm,
the coordination of Hjbtc ligand to Ga®* in the MIL-124 gives
intense fluorescence emission at 400 nm excitation at 321 nm
(see Figure SS in the Supporting Information), which may be
attributed to ligand-to-metal charge transfer (LMCT).>*As
expected, after postsynthetic functionalization of Eu’*, the
emission spectrum of the product exhibits characteristic
emission of Eu**. The sharp lines centered at 580, 593, 615,
653, 701 nm can be ascribed to D, — 7FJ (J = 0—4) transitions
of Eu®* 5% Figure 2 shows a very intense *D, — ’F, transition
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Figure 2. Excitation (black line) and emission (red line) spectra of
Eu*@MIL-124. The inset is the corresponding luminescence picture
under UV-light irradiation of 254 nm.
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at 615 nm. It is well-known that the D, — ’F, transition is a
typical electric dipole transition. It is very sensitive to the local
symmetry of Eu®*, whereas the parity-allowed magnetic dipole
transition D, — ’F, is practically independent of the ions’
surroundings. Hence, the intensity rations I(°Dy/’F,)/I-
(°Dy/F,) (Ipy/I5) can be considered an indicator for the
local environment of the ions. According to the calculated
intensity ratio (about 6.3), we concluded that the chemical
environment around the Eu®" is in low symmetry.”?>*>%7
Under UV-light irradiation, Eu** @MIL-124 shows strong red
luminescence which can be readily observed by naked eye, as
shown in the inset of Figure 2, indicating the antenna effect
occurs. Moreover, Eu*’@MIL-124 exhibits reasonable long
lifetimes (0.40 ms) and quantum yields (8.3%), which are
attributed to the effective energy transfer from the ligand to the
Eu*.

We have investigated the luminescence properties of Eu*'@
MIL-124 in aqueous solution. As shown in Figure S6 in the
Supporting Information, the luminescence intensity of the
Eu’*@MIL-124 suspension shows surprisingly little reduction
as the time progresses, implying good day-to-day fluorescence
stability in aqueous solution. The good stability also can
indicate the feasibility of Eu** @MIL-124 as a fluorescent probe
in an aqueous environment ,which can be ascribed to the
sufficient protection to Eu** provided by MOF scaffold.”

Sensing of Metal lons. In light of the excellent
luminescence and good water stability of Eu**@MIL-124, we
examine the potential application of Eu**@MIL-124 for
detecting metal jons. The as-synthesized sample was simply
immersed in an aqueous solution of 0.01 mol L™ MCI, (M =
K+, Na*, Hg2+, Cd2+, Ca2+, Niz+} C02+, Mn2+, Cu2+, Fe2+’ A13+,
Fe, respectively). The luminescent properties were recorded
and compared in Figure 3. The results revealed that various
metal ions display markedly different effects on the
luminescence of Eu®" ions.

For example, the luminescence intensity at 615 nm is
decreased when Ni**, AI**, Na*, Co**, Mn?*, Cu®*, Fe*', or Fe3*
are involved. In the contrast, the interaction with K" drastically
enhanced the luminescence intensity. The rest of the metal ions
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Figure 3. PL spectra of Eu’*@MIL-124 (2 mg) dispersed into
different aqueous solution of various metal ions (1 X 107> mol L™").
The inset is the PL spectra of Eu**@MIL-124 dispersed into aqueous
solution of Fe** (blank line) and Fe** (red line).
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(Hg*", Cd*", Ca®) tested did not cause any significant change
to the intensity of the Eu’* luminescence. The different
quenching effects lead to the changes of emitting color under
the UV-light irradiation and the luminescence color changes
was completely consistent with the variation tendency of the
emission spectra in the inset of Figure 4. For the Fe*" and Fe®*
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a

oL
M

T T |::. | B
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Figure 4. Luminescence intensity of the “Dy—"F, of Eu**@MIL-124
interacting with different metal ions in 1 X 107> mol L™' aqueous
solution of MCI, (excited monitored at 298 nm). The inset is the
corresponding photographs under UV-light irradiation at 254 nm.

ions, although they all seriously quench the emission of Eu'*,
their emission colors are different and easy to distinguish under
UV light (inset of Figure 4). As shown in the inset of Figure 3,
Fe* can completely quench the emission of Eu** but remain
the emission of MOF, causing the blue light. However, Fe®*
ions can not only quench the emission of Eu®* but also have
quenching effect on the emission of MOF, which leads the dark
under UV-light. And upon the introduction of Fe'* to the
mixture of Eu’*@MIL-124 and other metal cations, the
fluorescence is significantly quenched (see Figure S7 in the
Supporting Information). To clear the different degrees of
quenching effects on the MOF emission by the Fe** and Fe*,
we immerse the pure MOF in the aqueous solution of Fe?* and
Fe*, respectively. As excepted, Fe®* totally quench the emission
of pure MOF while the Fe** have no significantly quenching
effect showing in Figure S8 in the Supporting Information.
Therefore, Eu** @MIL-124 can selectively sense Fe*" and Fe®*
ions though the different quenching effects to Eu** and MOF.

In addition, the quenching effects of M** on the
luminescence of Eu**@MIL-124 were evaluated by the
fluorescence decay time of Eu**. As shown in Table 1, most
of the metal ions have no significant effects on the
luminescence lifetime of Eu®*, whereas Fe?* and Fe®* ions
exhibit varying degrees of reduction in the luminescence
lifetimes which displays 109.57 pus and undetectable,
respectively. This observation agrees well with the responses
of luminescence of Eu** @MIL-124 toward various metal ions.

To further prove that the fluorescence quenching by Fe®*
and Fe*', concentration-dependent studies in the luminescence
properties of Eu’*@MIL-124 when Fe®* and Fe®" ions are
present were carried out. However, the PL intensity for Fe**
and Fe*"-loaded samples are quite different for the Eu®* and
MIL-124. As demonstrated in Figure Sa, the emission intensity
of the Eu** @MIL-124 suspension declines sharply with the
increase of Fe** concentration from 0 to 500 uM.
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Table 1. Response of Luminescence Lifetime of Eu**@MIL-
124 toward Aqueous Solutions of Various Metal Ions

metal ions 7 (us)
K* 315.83
Hg™ 252.30
Cd* 200.51
Ca** 204.72
Ni** 202.88
AP* 224.96
Na* 263.78
Co** 226.74
Mn?* 243.68
Cu** 198.71
Fe?* 109.57
Fe** undetectable
a
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Figure 5. (a) Emission spectra and (b) K, curve of Eu>* @MIL-124 in
aqueous solutions in the presence of various concentrations of Fe®*
under excitation at 298 nm.

Quantitatively, this quenching effect can be rationalized by
the Stern—Volmer equation

I,/I=1+ K [M]

where the values I, and I are the luminescence intensity of the
Eu** @MIL-124 suspension without and with addition of Fe'*,
respectively, K, is the quenching constant, [M] is the Fe®*
concentration.”® On the basis of the experimental data in Figure
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Sb, the linear correlation coefficient (R) in the K, curse of
Eu’*@MIL-124 with Fe®* is 0.99264, which suggests that the
quenching effect of Fe®* on the luminescence of Eu’*@MIL-
124fits the Stern—Volmer mode well. The K, value is
calculated as 3.874 X 10* which reveals a strong quenching
effect on the Eu** @MIL-124 luminescence. However, in Figure
6,the luminescence intensity of Eu®" decreases, whereas the

500 550 600

Wavelength / nm

35 400 450 650

Figure 6. Comparison of luminescence of Eu**@MIL-124 in aqueous
solution in the presence of various concentrations of Fe* under
excitation at 298 nm.

emission of MOF changes a little with the increasing of Fe’"
concentration. When the concentration reaches 1 X 107> mol
L™!, the quenching effect on the luminescence of Eu® is
obvious. When the concentration reaches 1 X 107> mol L™, the
luminescence is quenched completely and only the emission of
the MOF can be seen.

To make the detection simple and portable, we developed a
fluorescence test paper for rapid detection of metal ions. Hence,
the sensing of Fe** and Fe®* in aqueous solution was carried
out. The test paper was prepared by immersing a filter paper
(0.5 X 1.0 cm?) in the ethanol of Eu’*@MIL-124 and drying it
at room temperature.'" For the detection of Fe** and Fe® in
water, we immersed the test paper in the aqueous solution of
metal ions for 1 min and then exposed it to air for drying. As
shown in Figure 7a, under the irradiation of UV light of 254
nm, the fluorescent colors of the test paper changed from red to

(a)lIIIIII

10uM  25uM  50pM  100uM 250 uM

Eu-MOF 500 yM

Eu-MOF 1uM 10 uyM 10*uM

103uM

100uM 500 uM

Figure 7. Optical images of the Eu**@MIL-124 test paper after
immersion into solution with different concentrations of (a) Fe** and
(b) Fe** for 1 min.
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dark red, faint dark red, and finally black with the increase of
Fe*. The least concentration of detection for Fe®* by
fluorescence test paper is S0 pM. At the same time, when
immersing the test paper in various concentration of Fe?*
aqueous solution, the color changed from red to blue showing
in Figure 7b, which indicates obvious different with Fe®'.
Considering the results above, we can distinguish the colors of
different intensities by our naked eyes.

To the date, the quenching effect on luminescence of MOFs
by metal ions originates from three approaches: (1) the
interaction between metal ions and organic ligands;s'9 (2) the
collapse of the crystal structure,’” (3) the ions exchan§e
between central metal ions of MOFs and the targeted ions.®™
Hereon, the possible sensing mechanism for the luminescence
quenching by the metal ions has been further investigated. The
power XRD was employed to study on the structural data of
the original and exchanged compounds. As shown in Figure S9
in the Supporting Information, the power XRD for all the metal
ions are similar to that of Eu**@MIL-124, suggesting that the
basic frameworks remain unchanged. Considering other
mechanisms, we speculate that the remarkable quenching effect
of Eu¥*@MIL-124 by Fe* and Fe® results from the
transformation of the patented framework MIL-124 (Ga) to
MIL-124 (Fe) via the cation exchange. However, the MIL-124
(Fe) were synthesized unsuccessfully as the XRD patterns of
Fe-MOF were different with MIL-124 (Ga) (see Figure S10 in
the Supporting Information). Therefore, the quenching effect
to Eu’* should be attributed to the interaction between metal
ions and organic ligands.The detailed ICP studies (see Table S1
in the Supporting Information) of Fe** and Fe®* involving
Eu’*@MIL-124 indicated the different quenching effect to the
illuminant bodies by Fe** and Fe®". The quenching effect of
Eu** @MIL-124 by Fe®" can attribute to the partial replacement
of Ga>" and substitution of Eu’*, whereas substitution of Eu’* is
the main reason for the fluorescence quenching by Fe?*
(Scheme 1).

Sensing for Anions and Organic Small Molecule.
Simultaneously, various anions were selected to carry out the
anion-sensing function by immersing Eu**@MIL-124 in
different anion aqueous solutions (anion = F~, CI", Br~, [,
NO,, SO, CrO,, Cr,0,%7). The original framework

Scheme 1. Simplified Schematic Illustration of
Luminescence Quenching Mechanism of Eu**@MIL-124 by
Fe** and Fe®* Ion

Quenching
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almost kept unchanged as confirmed by PXRD (see Figure S11
in the Supporting Information). The luminescent measure-
ments illustrate that the difference of anions has a great
influence in the luminescence intensity of Eu*@MIL-124 as
shown in Figure 8a. Remarkably, Cr,0,”" has the largest
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Figure 9. (a) PL spectra and (b) the luminescence intensity of the
*Dy—"F, of Eu**@MIL-124 dispersed into different organic small
molecules.

F CrO>Cr0*

SO/

4 3

Cr I NO, Br
Figure 8. (a) PL spectra of Eu>*@MIL-124 (2 mg) and (b) the
luminescence intensity of the *Dy—"F, of Eu**@MIL-124 dispersed

into different aqueous solution of various anions (1 X 10~ mol L™").

quenching effect on the luminescent emission which leads to a
dark emission (inset of Figure 8b) and has reduced the
luminescent lifetime of Eu®>* @MIL-124 from 0.4 to 0.1 ms (see
Figure S12 in the Supporting Information). The fluorescence of
Eu’*@MIL-124 was gradually quenched as the Cr,0,*~
concentration increased (see Figure S13a in the Supporting
Information). The quenched fluorescence intensity (I,/I) of
Eu’*@MIL-124 has a good linear relationship to the Cr,0,*
concentration (R = 0.99343) in the concentration range of 10—
500 um Cr,0,>” (see Figure S13b in the Supporting
Information). Eu**@MIL-124 shows highly selective for
Cr,0,*~ (detection limit, 0.15 uM).

Hence, we also examine the potential of Eu’*@MIL-124 for
the sensing of organic small molecules because of their
environmental biological hazards.®>”% Before the luminescent
measurements, PXRD patterns illustrate good solvent-stability
of Eu** @MIL-124 treated by different solvents (see Figure S14
in the Supporting Information). As shown in Figure 9a, the PL
spectra are significantly dependent on the solvent molecules,
particularly in the case of acetone, which exhibit clearly

726

quenching effects. The remarkable quenching effect can be
further confirmed by the photograph of the Eu*’@MIL-124
suspension under UV light irradiation (Figure 9b). When
immersing different qualities (6—2 mg) of Eu’*@MIL-124 in 2
mL acetone, the emission of Eu®" results in a dramatic
decreased luminescence intensity (see Figure S1Sa in the
Supporting Information). As a result, with the decrease in
Eu’*@MIL-124, the fluorescence color changed from purplish
red to dark under a 254 nm UV lamp (inset in Figure S15b in
the Supporting Information), which can be easily distinguished
by the naked eyes.

To date, the mechanisms for such quenching effects of
anions and small solvent molecules are still not very clear.
Nevertheless, the influence of the anions on antenna effect
definitely plays an important role, since the antenna effect is
crucial to determine the emission of lanthanide. To deeply
understand the luminescence quenching effects by Cr,0,>7, the
UV—vis spectra of anions themselves are measured (see Figure
S16 in the Supporting Information). It is obvious that the
absorption peak of ligands within Eu**@MIL-124 is almost
mantles by the wide absorption of Cr,0,>”. The Cr,O,*~
competes with the organic ligand for absorption of light energy
and hence reduces the amount of light absorbed by the ligand
thereby reducing the efficiency of energy transfer from the
ligand to the lanthanide ions. The luminescent signal induced
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by organic small molecules can be partially attributed to the
UV—vis absorption (see Figure S17 in the Supporting
Information). The result indicates that the absorption band
of acetone partially overlaps with the absorption band of Eu**@
MIL-124, which has reduced the absorption of light by organic
ligand and affected the energy transformation from MOF to
Eu*.

B CONCLUSIONS

In summary, a layerlike MOF (MIL-124, or
Ga,(OH),(CyO¢H,) has been prepared and chosen as a parent
compound to encapsulate Eu** cations by one uncoordinated
carbonyl group in its pores. The characters of PXRD, TGA, and
luminescent measurements demonstrate that this framework
can be explored as potential multifunctional luminescent
material for sensing of metal ions, anions, and organic small
molecules, especially for Fe’* and Fe*. Studying of the
luminescence properties reveals that Eu’*@MIL-124 can
develop as a highly selective and sensitive probe for detection
of Fe’* (detection limit, 0.28 uM) and Fe’* ions through
fluorescence quenching of Eu** and MOF. The colors of
fluorescence test paper immersing in different intensities of
Fe®" and Fe’* can be observed changing from red to black or
blue, respectively, by naked eyes under the irradiation of UV
light. Further study and speculation of the mechanism illustrate
that the interaction between metal ions and organic ligand lead
to the quenching effect of Eu**@MIL-124. Hence, we also
examine the potential application of Eu**@MIL-124 for the
sensing of anions and small organic molecules, which show an
excellent selective for Cr,O,*~ (detection limit, 0.15 yM)and
acetone. The present results may provide a facile route to
design luminescence Ln-MOF for sensing and further studies
are currently under way.
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