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Abstract
A microscale highly fluorescent Eu metal-organic framework (Eu-MOF) was synthesized with terephthalic acid and 1H-1,2,4-
triazole-3,5-diamine by one-pot hydrothermal method. And it was characterized by scanning electron microscope, Fourier
transform infrared spectroscopy, powder X-ray diffraction, fluorescence spectroscopy, thermogravimetric analysis, and energy
dispersive X-ray mapping. The prepared Eu-MOF has high quantum yield of 30.99%, excellent water dispersibility, good
fluorescence stability, and favorable thermal stability. Based on the distinctly different fluorescence responses of different
emission, the prepared Eu-MOF was used as dual-mode visual sensor for the sensitive detection of berberine hydrochloride
and tetracycline. The limits of detection are 78 nM and 17 nM, respectively. The sensing mechanism was also discussed.
Moreover, a filter paper sensor has been designed for sensing tetracycline with a notable fluorescence color change from blue
to red. The prepared Eu-MOF is promising to be developed as a multi-mode luminescent sensor for visual detection in biochem-
ical analysis.

Keywords Metal-organic framework . Dual-mode sensor . Visual detection . Berberine hydrochloride . Tetracycline

Introduction

Berberine hydrochloride (BRH) and tetracycline (TC) are both
anti-bacterial drugs and widely used in clinical treatment. BRH
is a major effective content of phellodendron bark and coptis
rhizome. It has been proved to have a wide pharmacokinetic
activity, such as anti-inflammatory [1], anti-diabetic [2], anti-
tumor [3], anti-bacterial [4], and anti-depressant [5]. Hence, the
quantification of berberine hydrochloride is particularly vital.
At present, some analytical methods have been established for
the determination of BRH, including high-performance liquid

chromatography (HPLC) [6], chemifluorescence [7], col-
orimetric [8], capillary electrophoresis [9], and light scat-
tering spectrometry [10]. TC is a broad-spectrum antibiot-
ic, which can disturb protein synthesis of bacteria to inhibit
bacterial activity. TC is used as food additives for the treat-
ment of animal growth in stockbreeding [11], and it can
also treat the bacterial infections in humans and animals.
However, the overuse of TC has resulted in a series of
problems such as antibiotic accumulation and the increas-
ing emergence of antibiotic resistance [12]. Thereby, it is
necessary to develop efficient methods for the detection of
TC. Up to now, TC has various analytical methods, such as
high-performance liquid chromatography (HPLC) [13],
capillary electrophoresis (CE) [14], liquid chromatograph
with tandem mass spectrometry (LC-MS) [15], electro-
chemical analysis [16], immune assay (IA) [17], and col-
orimetric [18]. Most of these technologies for BRH and TC
sensing suffered time-consuming, expensive instrument
and sophisticated sample pretreatment. To overcome these
difficulties, fluorescence method [19, 20] is a desirable
method due to the easy fabrication, facile manipulation,
low cost, and obvious fluorescence color change.
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Metal-organic frameworks (MOFs) as a class of multi-
functional hybrid materials have achieved a broader develop-
ment in gas separation [21], storage [22], catalysis [23], and
chemical sensing [24, 25]. Lanthanide metal-organic frame-
works (Ln-MOFs), an important fluorescence material, have
attracted considerable attentions owing to unique luminescent
properties like large stokes shift, long decay lifetime, and
characteristically narrow emission spectra [26]. Ln-MOFs
are mainly composed of lanthanide ions and organic ligands.
Therefore, Ln-MOFs can be implemented as multi-functional
fluorescence sensors based on the fluorescence change of lan-
thanide ions or appropriate ligands [27]. However, the fluo-
rescence intensity of Ln-MOFs is usually weak because of the
existence of forbidden f-f transition, unless an appropriate
ligand function as “antenna” to effectively transfer the energy
or some pre-designs, one-pot synthesis and post-modifications
are taken to strength the “antenna effect” [28]. In most cases,
the fluorescence sensing of Ln-MOFs is mainly based on the
monotonous quenching or enhancement of fluorescence inten-
sity [29], which is easily affected by some inevitable factors,
such as system noise and source instability. Besides, the fluo-
rescence color change is hardly distinguished by the naked
eyes. From this viewpoint, visual detection based on
ratiometric fluorescent sensing is a wise consideration for
the good accuracy and sensitive color change [30].
Analytical tests using color changes as readout provide great
convenience because they can be read without instruments
[31]. In recent years, due to their tunable pores and prominent
luminescent properties, Ln-MOFs were developed as fluores-
cent sensing platform for the sensing of ions [32], biomarkers
[33], small molecules [34], temperature [35], pH [36], and so
on. However, few reports can be found about the visual sens-
ing of TC and BRH based on Ln-MOFs.

In this work, a dual-mode europium metal-organic frame-
work (Eu-MOF 1) probe was synthesized with Eu (III) ions as
metal node and terephthalic acid as main functional ligand. In
addition, 1H-1,2,4-triazole-3,5-diamine (Hdatrz) was
employed to improve the fluorescence behavior of Eu-MOF
1 via one-pot hydrothermal method. The prepared Eu-MOF 1
has excellent luminescent properties, thermal stability, and
fluorescence stability in water. The results indicate that Eu-
MOF 1 can be developed as a fluorescence sensor based on
obvious fluorescence change in aqueous solution. It is found
that Eu-MOF 1 exhibits strong emission of Eu3+ when excited
at 280 nm, which can be quenching by BRH. More interest-
ingly, Eu-MOF 1 shows ligands-center emission and weak
Eu3+ emission when excited at 365 nm. With the adding of
TC, the blue ligand emission decreased rapidly and the Eu3+

emission enhanced greatly. So a ratiometric method for TC
detection was obtained. Both BRH and TC can cause obvious
fluorescence color change. Therefore, the as-synthesized Eu-
MOF 1 can be used as visual luminescent sensors for BRH
and TC.

Experimental section

Reagents and chemicals

All materials and solvents were commercially available andwere
used without further purification. Europium (III) nitrate hexahy-
drate, berberine hydrochloride (BRH), tetracycline (TC), penicil-
lin G (PEN G), and kanamycin (KANA) were obtained from
Aladdin Reagent Co., Ltd. (Shanghai, China). Terephthalic acid
was purchased from Shanghai Macklin Biochemical Co., Ltd.
Azithromycin (AZM), glutathione (GSH), erythromycin (ERY),
1H-1,2,4-triazole-3,5-diamine (Hdatrz), and streptomycin (STR)
were supplied by Adamas Reagent, Ltd. (Shanghai, China).
Ultrapure water was prepared with a Millipore system
(18.2 MΩ cm).

Instrumentation and characterization

Fluorescence experiments were performed by a Hitachi F-7000
fluorescence spectrophotometer (Tokyo, Japan). UV-vis absorp-
tion spectra were obtained with a Shimadzu UV-2600 spectro-
photometer (Tokyo, Japan). Fourier transform infrared (FTIR)
spectra were measured (400–4000 cm-1) by a NEXUS-670
FTIR spectrometer (NICOLET, USA). The morphologies of
the products were characterized by S-4800 scanning electron
microscopy (Hitachi, Japan). The lifetime and fluorescence quan-
tum yield (QY) were achieved from a JY HRIBA FluoroLog-3
(HORIBA, Japan). PXRD patterns were performed using Cu
Ka1 radiation on a Brucker D8 X-ray diffractometer. The EDX
mapping images were measured by a talos F200x High
Resolution Transmission Electron Microscope. TGAwere mea-
sured on a Netzsch STA 449C system (Netzsch, Germany) at a
heating rate of 10 °C/min from 40 °C temperature to 800 °C
under nitrogen atmosphere.

Synthesis of Eu-MOF 1 and Eu-MOF 2

Eu-MOF 1 is synthesized by a simple one-pot solvothermal pro-
cess. Briefly, Eu(NO3)3·6H2O (0.1 mmol, 44.6 mg), terephthalic
acid (0.5 mmol, 83 mg), and Hdatrz (0.3 mmol, 30 mg) were
ultrasonically mixed for 30 min containing DMF/H2O (6:3,
9 mL) solution, then transferred into a 25-mLTeflon-lined auto-
clave and kept it at 150 °C for 27 h. After cooling to room
temperature, the white solid product was collected by centrifuga-
tion and washed with DMF and ethanol for three times, respec-
tively. Finally, the product was dried at 80 °C for 8 h under
vacuum. The synthesis of Eu-MOF 2 is similar to that of Eu-
MOF 1, but no 1H-1,2,4-triazole-3,5-diamine is added.

Luminescent sensing experiments

The Eu-MOF 1 was dissolved in water forming 1 mg/mL
suspension by ultrasonication treatment for 30 min. Then the
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suspension was applied for fluorescence sensing BRH and
TC, respectively. BRH solution was incrementally added to
make the final concentration range from 0 to 320 μM; their
fluorescence spectra were recorded at 280-nm excitation after
15-min incubation. The final concentrations of TC were 0,
0.05, 0.5, 1, 5, 10, 20, 40, 60, 80, 120, and 160 μM. After
30-min incubation, the fluorescence spectra were measured at
365-nm excitation. The selectivity of Eu-MOF 1 toward
analytes was measured with the concentration of 1.0 mM oth-
er substances.

Results and discussion

Characterization of Eu-MOF

To demonstrate our strategy, the prepared Eu-MOFs were ful-
ly characterized. The SEM image shows that Eu-MOF 1 is
lobate and the size is about 6 μm (Fig. 1a). The material
morphology is dependent on temperature (see Electronic
Supplementary Material (ESM) Fig. S1). However, the reac-
tion time hardly affects its size and morphology (ESM Fig.
S2). Therefore, 150 °C and 27 h were selected to prepare Eu-
MOF 1 considering the appropriate size and high efficiency.
To explore the effect of Hdatrz, Eu-MOF 2 was prepared as a
comparison. The PXRD of both Eu-MOF 1 and 2 are in good
agreement with the reported MOF [37], which indicates the
prepared microparticles are isostructural with the reported
MOF and the introduction of Hdatrz did not interfere with
the crystal structure of the Eu-MOF 1 (ESM Fig. S3).

FTIR spectra of terephthalic acid, Hdatrz, and Eu-MOF 1
and 2 were investigated. As shown in Fig. 1b, terephthalic
acid shows a peak at 1685 cm-1, which originated from the
stretching vibration of C=O in carboxyl groups. However, no
peak at 1685 cm-1 is observed in Eu-MOF 1 and 2, indicating
carboxylate groups coordinated to Eu3+. Compared with Eu-
MOF 2, the peaks at 679 cm-1 and 1647 cm-1 in Eu-MOF 1 are

the N-H out-of-plane bending vibration and N-H in-plane
bending vibration, respectively [38], clearly indicating the
successful modification of Eu-MOF 1 with Hdatrz. The uni-
form distribution of N in EDX mapping images also proves
this statement (ESMFig. S4). The thermogravimetric analyses
(TGA) of Eu-MOF 1 and 2 were measured (ESM Fig. S5),
and there are two major weight loss regions. The first weight
loss in the range of 160–190 °C is assigned as the loss of
solvent molecule. The weight loss in the range of 580–
640 °C is attributed to the destruction of the framework. The
results indicate that the synthesized Eu-MOFs have a favor-
able thermal stability. The difference of remaining weight be-
tween Eu-MOF 1 and 2 is 4.9%, which is owing to the addi-
tion of Hdatrz in Eu-MOF 1 [39].

Fluorescence properties of Eu-MOFs

To understand the effect of Hdatrz on the emission behavior of
Eu-MOF 1, the luminescent spectra of Eu-MOF 1 and 2 were
tested (ESM Fig. S6). They have similar fluorescence spectra
when excited at 280 nm or 365 nm. However, the QYof Eu-
MOF 1 is much higher than that of Eu-MOF 2. Their QYs are
30.99% and 11.91%, respectively (ESM Fig. S7). The exper-
imental results of QYs suggest that Hdatrz works as a highly
efficient fluorescence sensitizer [40]. Unfortunately, the
single-crystal Eu-MOF 1 is hard to obtain. Thus, it is difficult
to explore the detailed mechanisms of how Hdatrz enhanced
the QYof Eu-MOF 1 from crystal structure. It is surmised that
Hdatrz ligand coordinated to the Eu3+ center and replaced the
coordinated water molecules. Because the vibrational cou-
pling of water molecules will shorten the decay time of Eu3+

[41], the shorter lifetime of Eu-MOF 2 also confirmed this
statement (ESM Fig. S8).

To further study the luminescent properties, Eu-MOF 1 was
chosen (Fig. 2a). Under the excitation at 280 nm, the typical
transitions 5D0 →

7F1 (598 nm), 5D0 →
7F2 (622 nm), and 5D0

→ 7F4 (704 nm) of the Eu
3+ occurred and the CIE (Commission

Fig. 1 a SEM image of Eu-MOF 1. b FTIR spectra of Eu-MOF 1, 2 and ligands
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Internationale de l'éclairage) coordinate is (0.626, 0.323) (Fig.
2b), which indicates that there is effective energy transfer from
ligands to Eu3+. In addition, the weak band at 540 nm is attrib-
uted to 5D1 →

7F0 transition of Eu3+ [42]. The much stronger
transition 5D0→

7F2 (622 nm) results in strong red emission light
of Eu-MOF 1 powder (down) under 254 nmUV lamp andwhite
powder (up) under daylight (Fig. 2a, inset).

It is found that Eu-MOF 1 displays two blue emission
peaks at 420 and 480 nm with CIE coordinates of (0.184,
0.168) when excitation wavelength is 365 nm (Fig. 2a, b).
One of the blue emissions centered at 480 nm may be
ascribe to the ligand-to-metal charge transfer (LMCT)
and/or metal-to-ligand charge transfer (MLCT) [43].
Another blue emission of Eu-MOF 1 at 420 nm is consis-
tent with free ligands (ESM Fig. S9). It suggests that the
blue emission at 420 nm derives from π-π* transition of
ligands. Meanwhile, the characteristic emission bands of
Eu3+ are very weak with an excitation of 365 nm (Fig.
2a), which is attributed to poor efficient energy transfer
between ligands and metal ions. A process of tunable emis-
sion spectra from single-emission to dual-emission could
be observed when varying excitation wavelength from 280
to 365 nm. To study the stability, the fluorescence intensity
of Eu-MOF 1 after a month of storage in water was mea-
sured (ESM Fig. S10). The results show a good water-
dispersibility and fluorescence stability in water.

Based on the above, Eu-MOF 1 is expected to be a multi-
functional fluorescent visual sensor.

Sensing of BRH

Considering the excellent fluorescence properties, the prepared
Eu-MOF 1 was used for sensing BRH (ESM Fig. S11). The
fluorescence signal is quenched remarkably by BRH under the

excitation at 280 nm. The experimental conditions were opti-
mized (ESM Fig. S12). To evaluate the sensitivity of Eu-MOF
1 toward BRH, BRH with different concentrations were added.
As shown in Fig. 3a, the fluorescence intensity has a remarkable
response to BRHwith a maximum quench percentage of 96.7%.
The corresponding CIE coordinates are shown in Fig. 3b. The
working curve was obtained by plotting (F0-F)/F0 against the
BRH concentration, and it satisfies the exponential regression
curve with a broad linear range from 0.5–320 μM (R2 =
0.9988, LOD=78 nM) (Fig. 3c). F0 and F are fluorescent inten-
sities without andwith BRH. An obvious change of fluorescence
color from red to orange and then green is observed with the
increase of BRH concentration under UV lamp of 254 nm exci-
tation (Fig. 3a, inset), which attribute to the reference fluores-
cence signal at 545 nm of BRH. Thus, a visual determination
of BRH can be achieved with low-cost UV lamp.

The selectivity of this method was investigated by the ad-
dition of BRH and common cations (Cd2+, Ag+, Hg+, Ca2+,
Ba2+, K+, Ni2+, Pb2+, Zn2+, Mn2+, Mg2+, Cr3+, Co2+, Na+, and
NH4

+), anions (SCN-, SO4
2-), natural amino acids (glycine, L-

cystine, L-histidine, L-lysine, arginine, and GSH) and saccha-
rides (glucose, sucrose, and starch). As shown in Fig. 3d, Eu-
MOF 1 has significant emission intensity change only in the
presence of 160 μM BRH. The negligible changes of fluores-
cence intensity caused by 1 mM substances indicate the out-
standing selectivity for BRH detection (Fig. 3e). And no in-
terference is observed in Fig. S13 (see ESM). Therefore, the
developed method for sensing BRH has a good selectivity and
anti-interference ability.

Fluorescent ratiometry for TC

To demonstrate the multi-mode analytical application, Eu-
MOF 1 was used for TC sensing under excitation at 365 nm.

Fig. 2 a Excitation and emission spectra of Eu-MOF 1; inset, photograph of Eu-MOF 1 powder under daylight (up) and 254 nmUV lamp (down). bCIE
coordinates of Eu-MOF 1 under different excitation
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The experimental conditions were optimized firstly (ESM Fig.
S14). Eu-MOF 1 shows the blue emission of ligands at
480 nm and the weak red emission of Eu3+ at 622 nm in the
absence of TC (ESM Fig. S15). After addition of TC, the
emission of ligands was reduced while the typical emission
of Eu3+ was enhanced; this can be used for fluorescent ratio
analysis of TC (Fig. 4a). And a fluorescence color change
from nattier blue to red is observed, which is easily identified
by naked eyes (Fig. 4a, inset). The corresponding CIE coor-
dinates are shown in Fig. 4b. The fluorescence intensity ratio

response for TC is better than that of single fluorescence sig-
nal (ESM Fig. S16). A decreasing trend of the fluorescence
intensity of Eu3+ ions at 622 nm after 160 μM ascribes to the
concentration quenching (ESM Fig. S16b). The fluorescence
intensity ratio of F622/F480 was recorded with the TC concen-
tration ranging from 0 to 280 μM (ESMFig. S17). However, a
good linear relationship (R2 = 0.9969) was obtained in the
range from 0.05 to 160 μM (Fig. 4c). The limit of detection
is 17 nM. In addition, we also compared various methods for
the detection of TC (ESM Table S1). Our method shows low

Fig. 3 a Emission spectra (λex = 280 nm) of Eu-MOF 1 - BRH. The inset is the photograph (254 nm UV lamp). b CIE coordinates. c Plot of (F0-F)/F0
versus BRH concentration. Fluorescence spectra (d) and intensity (e) of Eu-MOF 1 with BRH (160 μM) and substances (1 mM)
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detection limit, ratiometric signal, visual sensing, and easy
operation.

To validate the selectivity of TC sensing, the fluores-
cence intensities of Eu-MOF 1 in the presence of other
antibiotics (azithromycin, GSH, erythromycin, kanamy-
cin, streptomycin, and penicillin G) were recorded (Fig.
4d, e). Only TC shows the significant fluorescence

intensity change. And it is easy to recognize with the
naked eye (Fig. 4e, inset). A notable fluorescence ratio
intensity change occurred from other antibiotics after the
addition of TC (ESM Fig. S18). Furthermore, no inter-
ference is observed in the presence of interfering sub-
strates (glycine, arginine, L-tryptophan, L-histidine, glu-
cose, and vitamin C) and foreign ions ( Cd2+, Hg2+, K+,

Fig. 4 a Fluorescence spectra (λex = 365 nm) of Eu-MOF 1 - TC. The
inset is the photograph. bCIE coordinates. c Plot of F622/F480 versus TC
concentration. The selectivity fluorescence spectra (d) and intensity ratio

of F622/F480 (e) of Eu-MOF 1 with TC (80 μM) and other antibiotics
(1 mM). f The interference experiment (80 μM TC and 1 mM other
antibiotics)
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Na+, NH4
+, Ag+, Mo6+, Pd2+, Ba2+, Cr6+, F-, Cl-, SCN-,

I-, CO3
2-, SO4

2-, and NO3
-; see Fig. 4f). The results

demonstrate that Eu-MOF 1 has a good selectivity for
the ratiometric determination of TC.

Mechanism of sensing

As for the fluorescence quenching of Eu-MOF 1 by BRH, the
main reasons are competitive absorption of the light source
energy and energy transfer.

The PXRD pattern of Eu-MOF 1 after treatment with BRH
is shown in Fig. S3 (see ESM). The result shows that the
crystal structure still keeps integrity, which confirms that the
fluorescence quenching is not caused by the collapse of frame-
work. The UV-Vis absorption spectrum of BRH was also
studied (ESM Fig. S19). The moderate overlap between the
absorption spectrum of BRH and the excitation spectrum of
Eu-MOF 1 indicates the competitive absorption of the light
source energy between them. In addition, recyclability exper-
iment was investigated (Fig. 5a). The fluorescence intensity
revert to only 52% of the initial state after the cycle performed
five times. This might be caused by the energy transfer and the

remnant of BRH. Besides, BRH has an electron-pulling pyr-
idine ring (ESM Scheme S1), which can induce an electron-
transfer process from Eu-MOF 1 to pyridine ring and conse-
quently results in an emission quenching [39]. As shown in
Fig. S8 (see ESM), the fluorescence lifetime (τ) of Eu-MOF 1
with BRH has a negligible change as compared with original
suspension, which is consistent with the decrease of fluores-
cence intensity and reveals the existence of static quenching
process. Thus, the quenching procedure of this system shall be
attributed to competitive absorption of the light source energy
and energy transfer.

To discuss themechanism of Eu-MOF 1 towards TC, theUV-
Vis absorption spectra of Eu-MOF 1, TC, and Eu-MOF 1-TC
were studied (Fig. 5b). TC has a strong absorption peak at
365 nm. Compared with the absorption spectrum of Eu-MOF
1, the absorption peak of Eu-MOF 1-TC has a new peak at
390 nm. The red shift of the absorption peak reveals that a new
complex of Eu-MOF 1-TC is formed. The longer fluorescence
lifetime (τ) of Eu-MOF 1-TC also confirms this statement (ESM
Fig. S8). According to the reported research, TC can coordinate
with Eu3+ and has an excellent “antenna effect” [44]. Thus, the
emission enhancement of Eu3+ can be ascribed to the absorbed

Table 1 Results of determination of BRH in real samples

Sample Added (μM) Found (μM) RSD (%) Recovery (%)

Urine 5 5.56, 5.47, 5.39, 5.36, 5.45 1.36 107.1–110.9

20 20.27, 20.08, 20.56, 20.76, 19.98 1.61 99.9–103.8

80 79.26, 81.57, 77.08, 77.69,76.00, 78.32 2.78 95.0–102.0

Label claim (mg tablet-1) The proposed method HPLC method

Found (mg tablet-1) RSD (%) Found (mg tablet-1) RSD (%)

Tablets* 40 39.73, 42.07, 40.66, 40.29, 39.82 2.34 39.84, 40.05, 40.12, 39.09, 39.64 1.04

*Fufang Huangliansu Pian is made in Taiji Pharmaceutical Ltd., Chongqing, China

Fig. 5 a Reproducibility application. b The absorption spectra of TC, Eu-MOF 1, and Eu-MOF 1 - TC
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energy transfer from TC to Eu-MOF 1. In addition, we investi-
gated the effects of TC on the fluorescence of the ligand-center
emission. Upon the addition of TC, the red shift of the ligand-
center emission implies an increase in the π* orbits of the ligand.
Then themore efficiency energy transfer from the ligands to Eu3+

occurred owing to a better match between the π* orbits of the
ligands and the resonance energy level of Eu3+ [45]. Therefore,
the fluorescence intensity of ligand decreased significantly with a
simultaneous fluorescence enhancement of Eu3+ in the presence
of TC.

Analytical application in real samples

To evaluate its applicability, the proposed method was used
to detect BRH in real samples (Table 1). For the human
urine, the recoveries are between 99.41 and 109.20%. The
founded content in tablet by the method is consistent with
the results from the HPLC method [46] and the reference
value of 40.00 mg tablet-1. The Eu-MOF 1 probe was ap-
plied to detect TC in river water samples and human serum
samples. As listed in Table 2, the added standard TC solu-
tion could be measured with good recoveries. Therefore,
the results indicate that the proposed method is reliable and
practical.

Visual sensing of TC

We designed a filter paper sensor for the simple and visual
detection of TC (ESM Fig. S20). With the increase of TC

concentration, the visual paper probe shows an obvious color
gradient from blue to red under the UV lamp irradiation
(365 nm) (Fig. 6a). An obvious fluorescent color change is
observed by naked eyes even with 3 μM TC. The phenome-
non is similar to the fluorescent color change in aqueous so-
lution, which reveals that the test strip also has a good sensi-
tivity. Furthermore, the selectivity of the filter paper sensor
was also studied. It can be seen that only TC can change the
fluorescent color (Fig. 6b, c). These results indicate that the
prepared paper sensor can be used for the facile and rapid
visual detection of TC.

Conclusion

In summary, we successfully synthesized Eu-MOF with high
quantum yield, excellent fluorescence stability, and favorable
thermal stability. The prepared Eu-MOF was used as a dual-
mode probe for the rapid, sensitive, selective, and visual sens-
ing of BRH and TC. The assay of BRH is based on the fluo-
rescence quenching when excited at 280 nm. And the TC
sensing is achieved by fluorescence ratio method at 365 nm
excitation. Both of the two methods can realize visual detec-
tion. A filter paper sensor for visual sensing TC based on Eu-
MOF was successfully designed, which can be used conve-
niently to monitor TC in environment water and biological
system. This work provides a new strategy for the design of
multi-mode fluorescent sensors.

Table 2 Results of determination
of TC in real samples Sample Added (μM) Found (μM) RSD (%, n=5) Recovery (%, n=5)

River water 5 5.31, 5.61, 5.63, 5.61, 5.28 3.20 105.7–112.6

20 18.55, 18.65, 19.84, 19.52, 19.79 3.24 92.8–99.2

80 77.02, 75.14, 78.53, 74.56, 75.03 2.19 93.2–98.2

Human serum 1 1.01, 1.00, 1.02, 1.00, 1.03 1.22 100.0–103.0

5 5.35, 5.48, 5.32, 5.44, 5.49 1.45 106.3–109.8

20 21.54, 20.81, 21.78, 21.27, 21.24 1.70 104.1–108.9

Fig. 6 Eu-MOF 1-based paper sensor for visual detection TC (365 nm
UV lamp). Photographs (a) of Eu-MOF 1 with TC (from 1 to 11: 0, 1, 3,
5, 10, 20, 40, 60, 80, 120, and 160 μM); photographs (b) of Eu-MOF 1;

photographs (c) of Eu-MOF 1 contains 80 μM TC and 1 mM other
antibiotics (from 1 to 8: blank, TC, azithromycin, GSH, erythromycin,
kanamycin, streptomycin, and penicillin G)
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