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5,5’-(diazene-1,2-diyl)bis(2-hydroxybenzoic acid) (HzL) is used as a ligand precursor for a high-performance
metal-organic framework (MOF)-based fluorescent probe, due to its dye characteristic group. The hydrother-
mal reaction of HpL and 4, 4'-bipyridine (4,4'-bipy) with Mn(II) salt led to a MOF Mns(L)4(4,4'-bipy)2(H20)2-Mn
(4,4'-bipy)2(H20)2-4H20 (MOF-1). MOF-1 features a 3D net with 1D square channels (12.50 A x 15.36 10\), where
L% ligands link trinuclear Mn clusters via bis-bridging and bis-monodentate carboxylate groups. MOF-1 has good
chemical stability across a wide pH range and strong blue luminescence. It enables quantitative detection of Fe>*,
MnOy, dehydroacetic acid sodium salt (SDH), and hydrocortisone (HC) via fluorescence turn-off effect, and Pb3t,
tartaric acid (TA), and ascorbic acid (AA) through fluorescence turn-on effect, with high selectivity, good
reusability, and low limits of detection (LODs). The sensing of Fe>* and MnOj involves the competitive ab-
sorption (CA) and the resonance energy transfer (RET) mechanisms. The sensing of Fe®* also relies on the weak
interactions with uncoordinated O sites in carboxylate groups. The detection of Pb?* primarily relies on its weak
interactions with benzene moieties of L2~ ligands. Orbital energy theoretical calculations reveal that the fluo-
rescence changes of MOF-1 for SDH, HC, TA, and AA mainly stem from photoinduced electron transfer (PET).
The CA process also plays an important role for SDH detection. The detection of water pollutants in real water
samples (tap, spring, and Hunhe River) and of HC and AA in 100-fold diluted real sweat is achieved with cor-
responding recoveries of 98.00-103.70 %, 100.1 %, and 104.10 %. MOF-1 fabricated into test strips can rapidly
detect HC and AA in sweat. These results highlight the potential of MOF-1 as a dual-signal sensor for detecting
water pollutants and food additives, and for sensing specific sweat biomarkers to evaluate exposure to these
substances.

1. Introduction

With the rapid development of industry in modern society comes the
inevitable discharge of industrial waste [1], which seriously pollutes
rivers [2] and groundwater [3], and migrates in water bodies [4].
Polluted water bodies usually contain various harmful substances, such
as heavy metal ions [5], inorganic anions [6], and organic pollutants
[7]. These substances can accumulate in the body and cause a series of
health problems when ingested by humans over the long term. In
addition to the health risks from water pollutants, food additives and
food safety have attracted widespread attention [8]. Food additives are
widely used in the food industry, which can delay deterioration,
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improve taste, and enhance color of food. Abuse of food additives may
affect the digestive, absorptive, and metabolic functions of the human
body, and even cause diseases [9]. Water pollutants and food additives
can be regarded as two major "potential killers" to human health. It is
important to accurately detect these substances for timely assessing
potential hazards.

Human sweat is an important physiological product, containing trace
metabolic biomarkers that can directly reflect physiological changes in
the human body [10]. Given the health threat of water pollutants and
food additives, detecting specific sweat biomarkers is crucial for
assessing the impact of these substances on the human body [11].

Since the problems of water pollution and food safety become
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increasingly severe, the demand for health monitoring continues to
grow [12]. Designing and preparing a suitable material has accordingly
become an urgent task, which not only can detect harmful substances,
but also can reflect the physiological changes caused by them via sweat
biomarker detection [13]. Metal-organic frameworks (MOFs) is a type of
functional materials [14], which can stand out in analytical sensing field
due to their topological architectures [15] and structural tunability
[16]. Biphenyldicarboxylate ligands are considered as ideal candidates
for fabricating MOF-based fluorescent probes due to their strong coor-
dination ability, diverse coordination modes, and good chemical sta-
bility to water, acid and base. They have been widely reported for
detecting water pollutants, food additives, and biomarkers in body fluids
in recent years, showing broad prospects in practical detection. Yang
et al. [17] reported a MOF, [Cd(bpdc)(bbzb)-2H,0],,, synthesized with
4,4-biphenyldicarboxylic acid (Hybpdc) and 4,7-bis(1H-benzimida-
zol-1-y1)-2,1,3-benzothiazole (bbzb). It can be considered as a good
fluorescent sensor for the detection of Al**, Fe®*, AcO™ and Cr,03~. Its
fluorescent test paper has been further developed to realize naked-eye
detection of these cations and anions. Li et al. [18] reported a coordi-
nation polymer (CP), [Eu(bpdc)o s(ppda)(CoHsOH)(H20)]1,, synthesized
with Hybpdc and 3-(2,4-dicarboxyphenyl)-6-carboxypyridine (Hyppda).
It was used as a fluorescent sensor for the detection of food additives,
such as tartrazine (TA) and folic acid (FA). The LODs reach the 108
level. Its fabricated film showed remarkable potential for visual recog-
nition of TA and FA. Zhao et al. [19] reported a novel CP, [Zny(bpdc)
(typt)2]-2H20, synthesized with Hyobpde and 4-(tetrazol-5-yl)phenyl-4,
2":6',4"-terpyridine) (typt). It was used as a recyclable fluorescent sensor
to detect hippuric acid (HA) in urine for indexing toluene exposure and
could be an ideal candidate for practical application as an HA sensor.
The molecular design has been applied to the design of biphenyldi-
carboxylate ligands for further optimizing sensing performance [20].
Three design strategies, namely multiple coordination sites, large con-
jugated structures, and electron-donating groups, have been validated in
related literature: (1) the polycarboxylate groups on their aromatic
backbones can form stable coordination bonds with metal ions, thereby
constructing complicated topological architectures [21]; (2) introducing
an azo or vinylene function into aromatic backbone can effectively
expand the conjugated system, and provide more electron transfer
pathways, contributing to the improvement of fluorescent sensing per-
formance [22]; (3) aromatic backbones functionalized with amino or
hydroxyl groups can enhance the interaction with target analytes and
improve the selectivity and sensitivity in detection [23]. Despite the
remarkable progress achieved in the construction and improvement of
MOF-based fluorescent probes, one key challenge remains unsolved.
Most existing probes are designed for single-field detection, making it
difficult to meet the demand for cross-field detection in practical
scenarios.

H,L ligand precursor is an excellent building block for constructing a
high-performance MOF-based fluorescent probe, which perfectly
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integrates the above-mentioned all design principles, providing a new
way for addressing the challenges in cross-field detection, namely in
water pollution detection, food safety monitoring and health assess-
ment. The as-synthesized Mn(II)-MOF functions as a sensitive dual-
signal fluorescence probe, detecting water pollutants, food additives,
and sweat biomarkers through fluorescence turn-off and turn-on effects
(Scheme 1). The sensing mechanisms were explored in detail, and
relevant insights for practical applications were provided.

2. Experimental
2.1. Materials and general measurements

All chemicals and solvents used for the experiments were purchased
from Shanghai Aladdin Biochemical Technology Co., Ltd, which are
above analytical reagent grade. Mass percentage content (w%):
MnSO4-4H20 (>99.9 %), ligands (>98 %), chloride salts (>99.9 %),
potassium salts (>99.5 %), food additives (>99 %), sweat biomarkers
(>99 %). Fourier transform infrared (FTIR) spectrum was recorded on a
Bruker VERTEX 80 spectrometer using a powdered sample on a KBr disk
in the 4000-400 cm ™! region for identifying the coordination interaction
between the ligand and metal center. After the heat treatment, elemental
analysis was carried out on a Perkin Elmer 2400LS elemental analyzer
for determining the elemental composition (C, H and N) of the sample.
Thermogravimetric analysis (TGA) was investigated on an SDT Q600
instrument, which was carried out at a heating rate of 10 °C-min " in
nitrogen atmosphere for evaluating the thermal stability of the sample.
Powder X-ray diffraction (PXRD) patterns were collected on an X’pert
Philips diffractometer using a Cu-K, radiation source (A = 1.5418 A) for
confirming the crystallinity and phase purity of the samples. Lumines-
cence excitation and emission spectra were recorded on a Perkin Elmer
LS55 fluorescence spectrophotometer at room temperature for evalu-
ating luminescent performance of the samples. Ultraviolet-visible
(UV-Vis) absorption spectra were collected on an Agilent Cary 60
spectrophotometer for analyzing the absorption behavior of the sam-
ples. X-ray photoelectron spectroscopy (XPS) measurement was per-
formed on a Thermo Scientific ESCALAB 250Xi photoelectron
spectrometer for providing elemental composition and analyzing sur-
face interactions of the samples with analytes. The density-functional
theory (DFT) was employed to perform self-consistent calculations
through the PWSCF module for obtaining the HOMO-LUMO orbital
energy levels of HyL and organic analytes.

2.2. Synthesis of MOF-1
A mixture of MnSO4-4H>0 (0.022 g, 0.1 mmol), 4,4-bipy (0.016 g,
0.1 mmol) and HoL (0.0116 g, 0.05 mmol) dissolved in HoO (15 mL) was

heated to 130 °C and maintained at this temperature for 2 days in a 20
mL Teflon-lined stainless steel, and then cooled to room temperature.
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Scheme 1. Schematic representation of the construction of MOF-1 for selective detection.
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Yellow blocked crystals were collected by filtration and washing with
ethanol in a yield of 76 % based on H)L. Anal. Calc. for
CogHgoMnuN16037 (2189.52) C, 52.66; H, 2.39; N, 10.24 (%). Found: C,
52.67; H, 2.42; N, 10.26 (%). FTIR (KBr, cm’l): 3038m, 1638s, 1575s,
1479s, 1442s, 1346s, 1252s,1181m, 1067w, 928w, 836m, 803m, 677m,
620m, 585m, 481m.

2.3. Fluorescence measurements

Sensing experiments. MOF-1 suspensions were prepared by sepa-
rately dispersing 3 mg of MOF-1 powder in 3 mL of deionized water and
various aqueous solutions of analytes (0.01 mol-L ). The mixtures were
ultrasonicated for 15 min to form homogeneous suspensions, and their
fluorescence spectra were recorded under the optimal excitation wave-
length (Aex = 365 nm) of MOF-1 at room temperature.

Fluorescence titration experiments. 3 mg of MOF-1 powder was
dispersed in deionized water (3 mL) and ultrasonicated for 15 min to
form a homogeneous suspension. The suspension was subsequently
transferred to a 1 cm-width quartz cell, and its fluorescence responses
were record (Aex = 365 nm) with the dropwise addition of the analyte
solution (3 x 1074, 3 x 107%,3 x 1072 and 3 x 10~ mol.L™ 1.

Competition experiments. MOF-1 suspensions were prepared by
separately dispersing 3 mg of MOF-1 powder in 3 mL of different solu-
tions. These solutions included: (1) the solutions of each coexisting
substance (0.01 mol-L’l); (2) mixed solutions of the analyte (0.01
m01~L’1) and each coexisting substance (0.01 rnol-L’l) at a molar ratio
of 1:1. The mixtures were ultrasonicated for 15 min to form homoge-
neous suspensions, the fluorescence spectra of all suspensions were
recorded (Aex = 365 nm). The maximum fluorescence intensities were
compared to evaluate the interference of each coexisting substance on
the fluorescence change of MOF-1 to the analyte.

Recyclable experiments. After the first fluorescence sensing
experiment, 3 mg of MOF-1 powder was centrifugated and washed with
deionized water for several times to remove residual analyte. The
recovered MOF-1 powder was collected, dried at 60 °C for 2 h to remove
residual water. The treated MOF-1 powder was subsequently used in the
successive fluorescence experiments to evaluate its recycling stability.

Spike and recovery experiments. Three real water samples,
including tap water (from Fushun), spring water (Nongfu Spring), and
river water (Hunhe River) were collected, and a real sweat sample was
collected from a healthy adult volunteer following the standard sweat
sampling protocol. All samples were pretreated via centrifugation to
remove insoluble impurities. Different solutions of target analytes were
separately spiked into the pretreated samples. 3 mg of MOF-1 powder
was dispersed in each 3 mL spiked sample and ultrasonicated for 15 min
to form a homogeneous suspension, and the analytes were then deter-
mined by fluorescence spectroscopy.

2.4. X-ray crystallographic measurement

The crystallographic data for MOF-1 were collected by the ¢-o scan
technique on a Bruker D8 VENTURE diffractometer equipped with
graphite monochromated Mo-K, radiation (4 = 0.71073 A) at 193 K. The
structure was solved by direct method using SHELXS package [24], and
refined by the full-matrix least-squares using SHELXTL package [25]. All
non-hydrogen atoms were refined anisotropically, whereas the
hydrogen atoms fixed to their geometrically ideal positions were treated
by a mixture of independent and constrained refinement. The coordi-
nated 4,4'-bipy molecules (N5, N6, N9 and N10) are disordered. The
atomic occupancy rates of Mn2, 015, 016, 017 and O18 are all 0.5. The
detailed crystallographic data of MOF-1 are summarized in Table 1, and
selected bond lengths and angles are listed in Table 2. The cif file con-
tains the crystallographic data, which has been deposited in the Cam-
bridge Crystallographic Data Center (CCDC 2452562).

Table 1
Crystal and refinement data for MOF-1.
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Chemical formula

M;

Crystal system, space group
Temperature (K)

a, b, c A)

a, B,y ()

V(A%

Z

Radiation type

# (mm™1)

Crystal size (mm)

Tinins Tmax

No. of measured, independent and observed [I >
20(1)] reflections

Rint

(sin 0/Zmax (A7)

RIF* > 26(F?)], wR(F?), S

No. of reflections

No. of parameters

No. of restraints

Ry, wR; [I > 206(D]

Ry, WR;, (all data)

CoeHgoMnyN16032
2189.52
Monoclinic, C2/c
193

28.1279(8), 19.5310(5),
18.4966(5)

90, 113.190(1), 90
9340.4(4)

4

Mo-K,

0.63

0.12 x 0.1 x 0.1
0.672, 0.746
43970, 10686, 6939

0.081

0.65

0.062, 0.168, 1.04
10686

895

321

0.0620, 0.1406
0.1081, 0.1679

Aprmaxs Apmin (e:A7%) 1.98, —0.75

Table 2
Selected bond lengths and bond angles for MOF-1.
Mn2-013 2.234(2) Mn1-013! 2.334(2)
Mn2-013 2.234(2) Mn1-01 2.161(2)
Mn2-08 2.176(2) Mn1-04" 2.139(3)
Mn2-08' 2.176(2) Mn1-07 2.115(3)
Mn2-011% 2.167(2) Mn1-010% 2.119(3)
Mn2-011 2.167(2) Mn1-N5 2.276(3)
013-Mn2-013! 178.18(13) 01-Mn1-013! 89.63(9)
08-Mn2-013 88.68(9) 01-Mn1-N5 93.54(10)
08-Mn2-013! 92.67(9) 04"—Mn1—013! 87.15(9)
08 —Mn2—013! 88.68(9) 04"—Mn1—O01 93.39(10)
08'—Mn2—013 92.67(9) 04Y—Mn1—N5 82.12(11)
08-Mn2-08! 84.19(14) 07-Mn1-013t 90.11(9)
011" -Mn2—013 91.39(9) 07-Mn1-01 90.03(10)
011 -Mn2—013' 87.27(9) 07-Mn1-04" 175.60(10)
011" —Mn2—013! 91.38(9) 07-Mn1-010' 86.67(11)
011" —Mn2—013 87.27(9) 07-Mn1-N5 100.44(11)
011 -Mn2—08 179.62(11) 010" -Mn1—013' 90.44(9)
011f_Mn2—08! 95.43(10) 010" —Mn1—01 176.71(11)
011" —Mn2—O08! 179.62(11) 010" —Mn1—04" 89.90(11)
011" —Mn2—08 95.43(10) 010" —Mn1—N5 87.00(10)
011" —Mn2—0111 84.95(14) N5-Mn1-013 168.97(10)

Symmetry codes: (i) —x+1, y, —z+1/2; (ii) —x+3/2,y—1/2, —2z+1/2; (iii) x—1/
2,y-1/2, z; (iv) —x+3/2, y—1/2, —2z+3/2.

3. Results and discussion
3.1. Crystal structure of MOF-1

Single-crystal X-ray diffraction study revealed that MOF-1 crystal-
lized in the monoclinic system with the space group C2/c (Table 1). It
features a new 3D framework structure. The fundamental unit of MOF-1
contains a trinuclear Mn cluster, where the Mn centers have two coor-
dination environments, denoted as Mnl and Mn2 (Fig. 1a). Each Mn1
center is six-coordinated by one N atom from one coordinated 4,4'-bipy
molecule, four carboxylate O atoms from four L2~ ligands, and one O
atom from one coordinated water molecule in an octahedral coordina-
tion sphere {Mn10OsN}. Each Mn2 center is hexagonally coordinated by
four carboxylate O atoms from four L%~ ligands, and two O atoms from
two coordinated water molecules in an octahedral coordination sphere
{Mn20g}. Two Mn1 centers and one Mn2 center form a trinuclear Mn
cluster with the Mn-Mn distance of 3.799 A through sharing the 013
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Fig. 1. (a) Coordination environment of Mn centers in MOF-1; (b) trinuclear Mn cluster; (c and d) coordination modes of 1% ligands; (e) 3D framework with square
channels and (f) topological net of MOF-1.
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atoms in the py-water molecules (Fig. 1b). The distances of Mn-O are in
the range of 2.115(3)-2.334(2) ;\, and the length of Mn-N is 2.276(3) A
(Table 2), which are comparable with the bond lengths [26] and angles
[27] in previously reported Mn(II)-MOFs. L* ligands in MOF-1 link
with the trinuclear Mn clusters in two different coordination modes: one
links Mnl and Mn2 centers using its carboxylate groups in uniform
bis-bridging mode (Fig. 1¢), and the other binds to Mn1 centers adopting
its carboxylate groups in uniform bis-monodentate mode (Fig. 1d),
whose coordination modes are different from those reported in literature
[28]. These isolated adjacent trinuclear Mn clusters are connected
together by L2~ ligands to construct a new 3D framework with 1D square
channels with 12.50 A x 15.36 A (Fig. 1e). The introduced 4,4'-bipy
ligand only serves as a terminal molecule and is not involved in the
construction of this 3D framework.

To get a better understanding the complicated framework of MOF-1,
the topological method was employed to analyze the structure by
TOPOSPRO [29]. The trinuclear Mn cluster can be considered as an
eight-connected node surrounded by eight 12~ ligands, and each L2~
ligand acts as a bridge to link two trinuclear Mn clusters through its
carboxylate groups, and the intricate framework of MOF-1 can thus be
simplified into an eight-connected net with the point symbol of {4'2.6%}
(Fig. 1f) [30].

3.2. PXRD and TGA

The experimental PXRD pattern of MOF-1 matched well with those
simulated from single-crystal diffraction data (Fig. S1), demonstrating
the high phase purity of the synthesized product.

To determine the stability of MOF-1, its thermal behavior was
studied in the temperature range of 25-600 °C with a heating rate of
10 °C-min ! in nitrogen atmosphere (Fig. S2). It experienced three steps
of weight loss. The first weight loss of 6.5 % between 25 and 130 °C
corresponds to the removal of coordinated and free water molecules
(Calcd: 6.6 %). The second weight loss of 28.9 % between 130 and
360 °C is assigned to the decomposition of the coordinated 4,4'-bipy
molecules (Caled: 28.5 %). The third weight loss between 360 and
600 °C is due to the framework collapse accompanied by the decom-
position of * ligands. The final residue is MnO (Calcd:13.0; Found:
13.4 %).

3.3. Luminescence property

Considering the outstanding photoluminescence of MOFs and their
potential in chemical sensors, the luminescence properties of free HyL
precursor and MOF-1 were explored in the solid state at room

a

Intensity (a.u.)

---Exofl
—Emofl
---Exof H,L
—ZEm of IILL

Wavelength (nm)

200 250 300 350 400 450 500 550
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temperature. The free HsL precursor exhibited intense broad emission
band at 393 nm, and MOF-1 at 389 nm (Aexy = 292 nm) (Fig. 2a). The
emission of HyL precursor may be attributed to the intraligand n*—x or
n*—n transitions [31], and the emission of MOF-1 can be ascribed to the
intraligand charge transition owing to the similarity in the shape of the
fluorescence emission of MOF-1 with HyL precursor. The calculated CIE
coordinates can be obtained as (0.157, 0.190), which is located in the
blue region (Fig. 2b). The observed weakened emission band of MOF-1
with respect to HyL precursor suggested the involvement of charge
transfer transition between L2~ ligands and metal centers.

3.4. Chemical stability

The chemical stability of MOF-based fluorescence probes is of crucial
significance for sensing specific analytes. It is not only directly related to
the detection performances, but also to their application in complicated
real-world environments, particularly in acidic and alkaline solutions.
The stability of MOF-1 was evaluated by immersing samples in pH 1-14
aqueous solutions for 24 h, and the PXRD patterns of MOF-1 treated with
pH 2-13 solutions showed negligible change compared to the simulated
one from the single-crystal diffraction data (Fig. 3). This result demon-
strates that MOF-1 can remain intact in water, and even in acidic and
alkaline solutions for at least 24 h.

3.5. Detection of metal ions

Iron ion (Fe®") and lead ion (Pb®") are two harmful pollutants for
human health. Excessive intake of iron can cause gastrointestinal mu-
cosa damage, liver and pancreas damage, liver fibrosis and cirrhosis,
while lead pollution can lead to serious abdominal pain, diarrhea,
neurological damage and renal dysfunction.

Considering the excellent chemical stability and fluorescence per-
formance of MOF-1, the fluorescence responses of MOF-1 to various
metal ions in water were investigated. The powder samples of MOF-1
were dispersed in 0.01 mol-L™! of various MCl, (M*" = Pb?*, Ba*,
cd?*, Zn?*, Ni%t, Mn2", Co**, Cr¥, Cu®*, Na™, K*, Mg?*, Ca®*, A%,
Sr?*, and Fe®*) aqueous solutions. The suspension containing only MOF-
1 was used as a fluorescent blank to evaluate the responses to different
cations. The metal ions caused a different degree of fluorescence turn-off
or turn-on effect (Fig. 4a). Fe>* induced a significant quenching in the
fluorescence intensity of MOF-1 with a quenching efficiency of 97 %,
and Pb%" induced a remarkable 3.8-fold enhancement (Fig. 4b). These
results indicate that MOF-1 presents the potential for detection of Fe>*
and Pb%" in aqueous media.

To explore the sensing performance of MOF-1 towards trace Fe>* and

CIE 1931
520 b

Fig. 2. (a) Excitation and emission spectra of MOF-1 and H,L precursor in the solid-state at room temperature; (b) CIE chromaticity diagram of MOF-1.
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Fig. 3. PXRD patterns for MOF-1 under different pH conditions.

Pb?* in water, corresponding titration experiments were performed. The
fluorescence intensity of MOF-1 was gradually reduced with dropwise
addition of Fe3* solution (Fig. 5a), and it was progressively enhanced
with dropwise addition of Pb®* solution (Fig. 5¢). The quenching and
enhancement efficiencies can be fitted by the Stern-Volmer equation of
Io/I = 1 + Ks[M], where Iy and I are the fluorescence intensities in the
absence and presence of the analyte, Ky is the slope, representing the
Stern-Volmer constant, and [M] refers to the molar concentration of the
analyte. The result revealed a good linear relationship between Iy/I ratio
and Fe3'/Pb?t molar concentration with corresponding R? values of
0.998 (Figs. 5b) and 0.997 (Fig. 5d). The corresponding K, values were

Ba2+
Zn2+

a ——Pb*

_Cd2+

Intensity (a.u.)

450 500 550 600 650 700
Wavelength (nm)
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found to be 1.17 x 10° and 2.63 x 10* M1, and the limits of detection
(LODs) can be calculated to be 3.85 x 107 and 1.71 x 10~% M with the
formula of 35/Kgy (6 refers to the standard deviation of ten blank mea-
surements) [32]. The LOD values of MOF-1 are comparable to those of
the previously reported MOF-based sensors (Table 3) [33-42], while it
exhibits sensitive dual-signal responses towards Fe>* and Pb?*.

The competitive experiments were carried out to evaluate the anti-
interference ability of MOF-1 to detect Fe>™ and Pb%*. MOF-1 can still
detect Fe®* and Pb?* in the presence of coexisting ions (Fig. 6a and b).
The results suggest that MOF-1 has high selectivity towards Fe>* and
Pb2*,

The cyclic experiments were performed to evaluate the recover-
ability of MOF-1 as a chemical sensor. The initial luminescence intensity
of MOF-1 can be almost completely recovered by centrifugation and
washing with deionized water after sensing Fe>* or Pb?" (Fig. 7a and b).
These results demonstrate that MOF-1 exhibits good recyclability for the
detection of Fe®' and Pb2".

Some experiments and measurements were carried out to study the
possible mechanism for the detection of Fe* with MOF-1. The PXRD
pattern of MOF-1 treated by Fe>' solution was consistent with the
simulated one from single-crystal diffraction data (Fig. 8a), indicating
that the framework of MOF-1 remained intact [43]. This result excluded
the possibility that the fluorescence quenching of MOF-1 by Fe®* was
caused by framework collapse. When Fe®" was added to the suspension
of MOF-1, the exchange interaction of the Fe3* ions with Mn centers was
difficult to complete due to the disparities of electronic structures,
valence state and coordination ability. The cationic replacement that
causes the fluorescence quenching can also be ruled out. The UV-Vis
absorption spectrum of Fe>t was measured. Its absorption spectrum
effectively overlapped with the excitation and emission bands of MOF-1
(Fig. 8b), which suggested that the fluorescence quenching of MOF-1 by
Fe3* is caused by the competitive absorption (CA) of excitation light
between MOF-1 and Fe3+, and resonance energy transfer (RET) from
MOF-1 to Fe3*. A comparative analysis with relevant literature high-
lights the uniqueness of the sensing mechanism of MOF-1 for Fe>*. Li
et al. [21] reported two Cd-based CPs using biphenyldicarboxylate de-
rivative (1,1"-biphenyl-2,3,3',5-tetracarboxylic acid) as the ligand,
which also exhibit selective fluorescence quenching for Fe®*. Their
proposed mechanism is that the quenching effect is primarily attributed
to the RET process. The discrepancy arises from differences in the
spectral overlap characteristic between MOF-1 and the Cd-based CPs. In
Li et al.'s work, the absorption spectrum of Fe>* likely overlapped only
with the emission bands of the Cd-based CPs, eliminating the CA
pathway. Di et al. [44] reported a Zn(II)-MOF synthesized using 3,3',5,
5'-azobenzenetetracarboxylate (abtc4’) ligand. The absorption spectrum
of Fe3* likely overlapped with the excitation band of the Zn(II)-MOF,
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Fig. 4. (a) Fluorescence responses of MOF-1 to different metal ions; (b) different luminescence intensities of MOF-1 in the presence of different metal ions.
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Table 3

Comparison of MOF-based sensors for the detection of Fe>" and Pb*.
Sensor Analyte Analytical signal Kg/M ™! LOD/M Reference
MOF-1 Fe3* Turn-off 2.47 x 10* 1.82 x 107° This work
[Zn(pbba)(H20)]-3dmf-2H,0 Fe3* Turn-off 1.2 x 10* 45x10°° [33]
[Tba(ps-L)o(jts-L)(H20)3],-nHL0 Fe** Turn-off 6.85 x 10° 4.81 x 1078 [34]
[Tb(tftba); 5(phen)(H0)1, Fe3* Turn-off 4.043 x 10* 1.27 x 107° [35]
{[Cd(dbtdb)(1,2,4-Hsbtc)]-0.5H,0}, Fe3* Turn-off 3.3 x 10° 1.1 x 1073 [36]
[Zn,(bpt)(OH)(L)]e2H,0 Fe3* Turn-off 3.45 x 10* 7.39 x 10°° [371
MOF-1 Pb2* Turn-on 2.63 x 10* 1.71 x 10°¢ This work
[Zn(tdc)(tmb)]1, Pb%* Turn-off 4.91 x 10° 1.78 x 10°° [38]
[Tb(ppda)(npdc).s(H20)2]n pb?* Turn-on 1.05 x 10° 9.44 x 107° [39]
Ag(bpy)(ipaNH,) Pb?*+ Turn-off 2 x 10* 2.1 x10°° [40]
[Cd3(L)2(bpy)]n Pb* Turn-off 1.29 x 10* 1.43 x 10°° [41]
[Euy(fdc)s(dma)(H,0)s]-dma-4.5H,0 pb>* Turn-on 2.97 x 10° 8.22 x 107° [42]

and this phenomenon was attributed to the CA process between abtc*~
ligand and Fe>*. The RET process is not a contributing factor to the
fluorescence quenching of the Zn(II)-MOF toward Fe3™.

To investigate additional factors contributing to the fluorescence
quenching in MOF-1, XPS measurements on pristine MOF-1 and those
treated by Fe>" solution were carried out (Fig. 8c). The O1s peak in the
MOF-1 treated by Fe>' shifted by 0.3 eV compared with the pristine
MOF-1 (Fig. 8d), whereas the N1s peak remained unchanged (Fig. 8e). It
indicates that the uncoordinated Lewis basic sites of carboxylate groups

in MOF-1 have weak interactions with Fe3*, which can affect the effi-
cient energy transfer from L2~ ligands to Mn centers, thereby inducing
fluorescence quenching of MOF-1.

The mechanism of fluorescence response towards Pb>* was demon-
strated. The crystal structure of MOF-1 treated with Pb>" solution
remained intact (Fig. 9a), indicating that the possibility that fluores-
cence enhancement was caused by framework collapse can be ruled out.
Upon adding Pb?" to the suspension of MOF-1, the fluorescence emis-
sion was immediately enhanced, suggesting that the possibility of
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Fig. 7. Recycling tests of MOF-1 in water for detection of (a) Fe*™ and (b) Pb**.

cationic replacement was also ruled out. The XPS spectrum of MOF-1
treated by Pb2* solution was measured (Fig. 9b). The Cls peak shifted
from 281.8 to 282 eV compared with the pristine MOF-1 (Fig. 9¢), while
the Ols and N1s peaks remained unchanged (Fig. S3), which may result
from the weak interactions of Pb?>* with the benzene moieties in L2~
ligands [45]. Such interactions may affect the singlet and triplet excited
states of L2~ ligands and increase the ligand-centered energy transfer
efficiency, and thus cause the luminescent enhancement of MOF-1 [46].
The absorption band of Pb?* showed no overlap with the excitation and
emission bands of MOF-1 (Fig. 9d), indicating that the mechanism was
unrelated to conventional quenching factors like the CA and RET
processes.

3.6. Detection of inorganic anions

The fluorescence intensities of MOF-1 dispersed in 0.01 mol-L ™! of
different K,X (X"~ = Cl~, HoPOg, Br~, NO3, SO3 ", F, Cry0%~, CO3~
PO?{ and MnOy) solutions were detected (Fig. 10a). MOF-1 demon-
strated an obvious fluorescence quenching effect towards MnO4 with
the quenching efficiency of 97 % (Fig. 10b). The result of a fluorescence
titration experiment indicated that the fluorescence intensity of MOF-1
was gradually reduced with dropwise addition of MnOj solution
(Fig. 10c). The linear relationship between the intensity ratio and the
concentration of MnOjz was fitted by using the equation of Ip/I =1 +
Kev[M] with R? value of 0.995 (Fig. 10d). The Ky, value was found to be
1.954 x 10° M}, and the LOD value was calculated to be 2.303 x 10~
M through the formula of 35/Kgy. The two values are comparable to
those of the previously reported luminescent sensors for the detection of
MnOjy (Table 4) [47-51], indicating highly sensitive sensing capacity of
MOF-1 towards MnOz. When various anionic aqueous solutions were
introduced into the suspension of MOF-1 with additional MnO4, MOF-1

can still detect MnOy (Fig. 10e). The result of regeneration experiments
showed that the fluorescence quenching and recovery of MOF-1 were
basically unchanged in five runs (Fig. 10f), indicating the good reus-
ability of MOF-1 for fluorescence detection.

The possible mechanism for the detection of MnO4 with MOF-1 was
investigated. The framework of MOF-1 remained intact after soaking in
MnOj solution (Fig. 11a). This result ruled out the possibility that
fluorescence quenching of MOF-1 by MnO4 was caused by framework
collapse. The FTIR spectrum of MOF-1 treated with MnOy solution was
consistent with that of pristine MOF-1 (Fig. S4), indicating that the
possibility of anion exchange causing the fluorescence quenching was
ruled out. The absorption band of MnO4 covered part of the excitation
and emission spectra of MOF-1 (Fig. 11b), indicating that the fluores-
cence quenching was caused by the CA of excited energy between MOF-
1 and MnOy, and the RET from MOF-1 to MnOjy [51]. This mechanism is
different from the turn-on effect for sensing MnO4 reported in recent
literature [52].

3.7. Detection of food additives

The same procedure was implemented to explore the sensing per-
formance of MOF-1 towards food additives by using the solutions of
tartaric acid (TA), NaNO,, quinoline yellow (QY), methylparaben
(MPB), aspartame (APM), butylated hydroxytoluene (BHT), propyl
gallate (PG), tert-butylhydroquinone (TBHQ), and dehydroacetic acid
sodium salt (SDH) (Fig. 12a). The results indicate that SDH can induce
complete quenching to the luminescence intensity of MOF-1, and TA can
cause a remarkable enhancement (Fig. 12b). The corresponding fluo-
rescence titration experiments showed that the fluorescence intensity of
MOF-1 was gradually reduced with the dropwise addition of SDH so-
lution (Fig. 12¢), and it was gradually enhanced with the dropwise
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addition of TA addition (Fig. 12e). The quenching and enhancement
processes of the luminescence of MOF-1 with respect to the SDH and TA
concentrations can be fitted by Stern-Volmer equation of Ip/I = 1 +
Kg[M] with corresponding R? values of 0.999 (Figs. 12d) and 0.998
(Fig. 12f). The corresponding K, values were determined to be 7.746 x
10°and 1.32 x 10° M, and the LODs were calculated to be 5.81 x 10~8
and 3.41 x 1077 M by utilizing the formula of 35/Kg,. While the
detection of food additives, such as melamine, curcumin, sodium salic-
ylate and lysine, have been extensively reported in the field of food
safety, whose LOD values can reach the 0.1 pM level [53-55], there is
still a lack of detailed research on the dual-signal detection of SDH and
TA. The LOD values obtained in this work are comparable to those
previously reported about other food additives [53-55]. When SDH or
TA was introduced into a suspension of MOF-1 with coexisting food
additive in competitive experiments, the fluorescence intensity was
remarkably quenched or enhanced, indicating that MOF-1 can selec-
tively detect SDH and TA (Fig. 12g and h). The results of recycling ex-
periments showed that the fluorescence detection and recovery
capabilities of MOF-1 remained almost unchanged in five runs (Fig. 12i
and j), indicating MOF-1 is a reusable fluorescent probe for detection of
SDH and TA.

Some experiments and measurements were carried out to study the
possible mechanisms for sensing SDH and TA with MOF-1. The PXRD
patterns of MOF-1 samples were measured after separate treatment with
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SDH and TA solutions to confirm the structural maintenance, thereby
ruling out the possibility that the fluorescence changes were caused by
structural collapse. (Fig. 13a). The FTIR spectrum of MOF-1 treated with
SDH or TA solution was consistent with that of pristine MOF-1 (Fig. S5),
thereby indicating that the fluorescence changes were not caused by the
anionic replacement. The UV-Vis absorption spectrum of SDH solution
showed moderate overlap with the excitation spectrum of MOF-1, but no
overlap with the emission spectrum, illustrating that the luminescent
quenching of MOF-1 was induced by the CA mechanism [56]. The
UV-Vis absorption spectrum of TA solution showed no overlap with the
excitation and emission spectra of MOF-1 (Fig. 13b). This result provides
indirect evidence for the fluorescence enhancement of MOF-1 in the
presence of TA due to the absence of fluorescence quenching factors like
CA and RET processes. To explore the effects of other factors on fluo-
rescence changes, density functional theory (DFT) calculations were
carried out to determine the energy levels of the lowest unoccupied
molecular orbital (LUMO) and highest occupied molecular orbital
(HOMO) of HyL, SDH and TA (Fig. 13c). The HOMO energy level
(—6.044 eV) of H,L is lower than that of SDH (—5.031 eV), which in-
dicates that the photoinduced electron transfer (PET) process involves
electron transfer from the HOMO of SDH to the valence band of H»L, and
thus causes fluorescence quenching. The LUMO value (—2.145 eV) of TA
is much higher in energy than that of HoL (—2.489 eV), thus the elec-
trons within the LUMO of TA would populate the conduction band of



Y. Wang et al.

Intensity (a.u.)

a

450 500 550 600 650

Wavelength (nm)

400 450 500 550 600 650 700
Wavelength (nm)

700

e I 1 + interfering anions

Intensity (a.u.)

I 1 + interfering anions + MnO,~

v

S & o o o €
& O ® © o 0‘9«

&

[
~ >
00 > QO

Dyes and Pigments 246 (2026) 113390

Intensity (a.u.)

20 d
154
- 10
5 .
R?>=10.995
1,/1=0.1954|MnO,’| + 0.6817
0 T T T T T
0 20 40 60 80 100

Concentration (1 x 10 mol-L")

Intensity (a.u.)

Ist 2nd 3rd 4th 5th

Number of cycle

Fig. 10. (a) Fluorescence responses of MOF-1 to different inorganic anions; (b) different luminescence intensities of MOF-1 in the presence of different inorganic
anions; (c) fluorescence responses of MOF-1 to different amounts of MnOy; (d) Stern-Volmer plot of MOF-1 with gradually increasing amount of MnOgy; (e) anti-
interference test and (f) recycling test of MOF-1 in water for detection of MnOg.

Table 4

Comparison of MOF-based sensors for the detection of MnOj.
Sensor Analyte Analytical signal Ksy/M ™ LOD/M Reference
MOF-1 MnOZ; Turn-off 1.954 x 10° 2.303 x 1077 This work
(Hzbpp)-[(UO2)? (nip)s]-H,0 MnO; Turn-off 1.88 x 10* 1.79 x 107° [471
[Th(btta); 5(Ho0)4.51n MnOy Turn-off 8.88 x 10° 3.90 x 1077 [48]
{[Ag(L)]BF,4-H,0}, MnOz Turn-off 2.77 x 10° 1.81 x 107° [49]
[Tba(L)2(H20)4-5H,0-6dmacl,, MnOz Turn-off 1.2 x 10° 4.48 x 1078 [50]
[Zn(L)5]-2dmf MnO4 Turn-off 1.92 x 10* 2.34 x 107° [51]
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H,L upon photoexcitation of TA [57]. This electron transfer mechanism
effectively enhances the fluorescence intensity of the HyL system [58].
The fluorescence changes of MOF-1 towards SDH and TA are thus all
assigned to the PET processes.

3.8. Detection of sweat biomarkers

Biomarkers in body fluids can reflect the interactions between a
biological system and external chemical factors by indicating the
adverse effects of water pollutants and food additives. Significant
progress has been made in the development and application of
fluorescence-based detection of biomarkers in tear [59], saliva [59],
urine [60] and serum [60], while the research on sweat-based biomarker
detection remains relatively underexplored. The advantages of
sweat-based biomarker detection include easy accessibility and
non-invasiveness to the human body. Excessive intake of water pollut-
ants and food additives by the human body can damage cellular struc-
tures and organ functions, which in turn leads to abnormal changes in
the contents of sweat biomarkers. Detecting these biomarkers is vital for
effectively preventing the health damage caused by these substances.

MOF-1 has laid a foundation for further investigation into its fluo-
rescence selective sensing toward sweat biomarkers owing to its excel-
lent acid-base stability in a broad pH range and good water stability
[61]. Human sweat can be defined as aqueous solutions containing
various chemicals like urea (Ure), ascorbic acid (AA), glutamic acid
(Glu), methionine (Met), glucose (Glc), hydrocortisone (HC), alanine
(Ala), uric acid (UA), glycine (Gly), creatinine (Cre), and proline (Pro).
MOF-1-based fluorescent probe was used for the detection of the
above-mentioned chemicals. The MOF-1 samples were separately
dispersed in the solutions of individual sweat chemicals. HC caused a
drastic quenching in the emission of MOF-1 with a quenching efficiency
of 95 %, and AA caused a 3.4-fold enhancement in emission intensity
(Fig. 14a and b). The result indicates that MOF-1 can act as a promising
dual-signal fluorescence sensor for the detection of HC and AA.

To explore the sensing performance of MOF-1 towards trace HC and
AA in water, corresponding titration experiments were performed. The
fluorescence responses of MOF-1 suspension varied with different con-
centrations of HC and AA. The maximum emission intensity was grad-
ually reduced with increasing HC concentration (Fig. 14c), while it was
enhanced with increasing AA concentration (Fig. 14e). The nearly linear
relationship between the fluorescence intensity ratio and the concen-
tration of HC or AA was fitted by the Stern-Volmer equation of Ip/I =1
+ Ks[M] with corresponding R? values of 0.999 (Figs. 14d) and 0.995
(Fig. 14f). The Ky, values are found to be 1.87 x 10°and 2.47 x 10* M~ L.
The LODs for HC and AA were calculated to be 2.41 x 10~ and 1.82 x
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107°M by the formula of 36/Kgy. The detection of AA using MOF-based
fluorescent probes has become relatively common, while the dual-signal
detection of HC and AA in sweat using MOF-based probes remains
scarce. The LOD values obtained in this work are comparable to those
reported in previous studies on AA detection (Table 5) [58,62-65].

To investigate the selective detection ability of MOF-1, correspond-
ing competitive experiments were performed. The results showed that
the detection of HC and AA was not affected by coexisting sweat bio-
markers (Fig. 14g and h). The regeneration experiments were performed
to explore the reusability of MOF-1. The fluorescence detection and
recovery capabilities of MOF-1 remained almost unchanged in five runs
(Fig. 14i and j). The results indicate that MOF-1 has good reusability for
HC and AA detection.

The mechanisms of MOF-1 in the detection of HC and AA were
investigated. The PXRD patterns of MOF-1 samples treated by HC and
AA solutions were consistent with the simulated pattern from single-
crystal diffraction data, indicating that MOF-1 samples still main-
tained framework integrity (Fig. 15a). The possibility that the lumi-
nescence changes were caused by the structural collapse of MOF-1 can
be excluded. The positions of the absorption peaks in the FTIR spectra of
MOF-1 treated by HC and AA solutions remained unchanged compared
with the pristine MOF-1 (Fig. S6), indicating that the possibility of anion
substitution causing fluorescence changes was ruled out. The UV-Vis
spectra of these two analytes hardly overlapped with either the excita-
tion spectrum or the emission spectrum of the MOF-1 (Fig. 15b). The
fluorescence quenching induced by HC was not caused by the CA and
RET mechanisms. The above-mentioned factors are not the reasons for
fluorescence enhancement of MOF-1 towards AA. Theoretical calcula-
tions were carried out to probe deeply into the mechanisms of the
fluorescence changes of MOF-1, and the energy levels of the HOMO and
LUMO for HyL, HC and AA were thereby obtained (Fig. 13c). The HOMO
energy level (—6.044 eV) of H,L is lower than that of HC (—5.277 eV),
which promotes the transfer of electrons from the HOMO of HC to the
valence band of HL, and leads to fluorescence quenching. The LUMO
energy level of AA is —1.668 eV, which is higher than that of HoL
(—2.489 eV). When AA is photoexcited, the electrons in its LUMO would
transfer to the conduction band of H5L, and thus leads to fluorescence
enhancement [66]. The results indicate that the PET mechanisms are
responsible for the fluorescence changes of MOF-1 towards HC and AA.

3.9. The application of fluorescence detection

To evaluate the practical application of MOF-1-based chemical
sensor in real water samples, tap water (from Fushun), spring water
(Nongfu Spring), and river water (Hunhe River) were chosen for the
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detection of Fe and MnOj using MOF-1. The recoveries of Fe>*
(98.00%-103.70%), Pb%* (101.10%-102.50%) and MnOs (99.98%-—
100.40%) were observed, with corresponding relative standard de-
viations (RSDs) of 0.64%-0.95%, 1.35%-2.12% and 0.03%-0.13% (n =
3) (Table 6). These results suggest that MOF-1 shows great potential as a
sensor for the trace-level detection of Fe>*, Pb?>" and MnOj in actual
water samples.

To further explore the practical applicability of the MOF-1-based
chemical sensor in biological fluid, real sweat sample were selected for
the detection of HC and AA using MOF-1. The HC and AA solutions were
separately spiked into the 100-fold diluted sweat samples, and MOF-1
powder was then employed to determine the target analytes. The
experimental results showed that the recoveries of HC and AA were
100.10% and 104.10% with corresponding RSDs of 0.47% and 1.02% (n
= 3). (Table 6). The result demonstrates that MOF-1 sensor can expand
its potential application from environmental water samples to biological
fluid analysis.

For the purpose of home use, blue-luminescent visible test papers
based on MOF-1 were developed for convenient and fast detection of HC
and AA components in the human sweat. The test papers were obtained
by immersing filter paper strips in the suspension of MOF-1 and then
drying the strips in an oven at 60 °C (Fig. 16a). Compared with the

3+ pp2+
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original test paper under 365 nm UV irradiation (Fig. 16b), the test
paper turned bright blue upon exposure to 365 nm UV light after soaking
in the AA solution (1 x 107 mol-L’l) (Fig. 16c¢), and it became dark
after immersing in the HC solution (1 x 10 °mol- L™ H (Fig. 16d). MOF-1
has the potential to serve as a dual-signal rapid-response fluorescent
probe, which can be applied to monitor sweat biomarkers for evaluating
human health.

4. Conclusions

A new Mn(II)-MOF was successfully synthesized via hydrothermal
method with rigid dicarboxylate HyL precursor. It presents a 3D network
structure with 1D square channels built by L2~ linkers and trinuclear Mn
clusters, featuring a unique {4'2.6%} topology. MOF-1 exhibits excellent
chemical stability and emits blue fluorescence. It serves as a reusable
dual-signal fluorescent sensor for water pollutants, food additives, and
sweat biomarkers in aqueous medium. It not only selectively detects
Fe3T, MnOy, SDH and HC in aqueous solution through fluorescence
quenching effect, but also recognizes Pb2*, TA and AA via fluorescence
enhancement effect. The sensing of Fe>* and MnOj arises from CA and
RET mechanisms. Notably, the weak interactions of Fe>* with the un-
coordinated carboxylate O atoms also play a role for the fluorescence
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Table 5
Comparison of MOF-based sensors for the detection of AA.
Sensor Analyte Analytical signal Key/M ! LOD/M Reference
MOF-1 AA Turn-on 2.47 x 10* 1.82 x10°° This work
[Ni(HL)(bpe); 5(H20)] AA turn-on 5.17 x 10% 3.54 x 107° 62
[Zn(HL)4(bib)1,-0.25H,0 AA Turn-off 4.35 x 10% 3.15 x 1074 63
[Tb(Hbtec)(Hntca)(H;0)3]-H,0 AA Turn-off 3.54 x 10* 8x107° 58
[Co(H,L),(bpe)(H20)2]1bpe-(H,0)4 AA Turn-on 3.2 x 10% 575 x 1077 64
[Co(HL)(bpe)] AA Turn-on 6.52 x 10* 6.8 x 107° 65
exof 1
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Fig. 15. (a) Experimental PXRD patterns of MOF-1 samples treated by HC and AA solutions and simulated PXRD pattern of MOF-1 from single-crystal diffraction
data; (b) UV-Vis absorption of HC and AA, excitation and emission spectra of MOF-1.

Table 6
Determination of Fe*", Pb?*
real sweat samples.

and MnOy in real water samples, and HC and AA in

Added Found Recovery RSD (%, n =
(M) (M) (%) 3)
Fe3* tap water 1.000 0.980 98.00 0.64
spring 1.000 1.010 101.00 0.57
water
river water 1.000 1.037 103.70 0.95
Pb?*’ tap water 1.000 1.013 101.30 1.35
spring 1.000 1.011 101.10 2.12
water
river water 1.000 1.025 102.50 2.00
MnO;  tap water 10.000 9.998 99.98 0.13
spring 10.000 10.040 100.40 0.08
water
river water ~ 10.000 10.017 100.20 0.03
HC 1 % sweat 1.000 1.001 100.10 0.47
AA 1 % sweat 1.000 1.041 104.10 1.02

quenching, while the detection of Pb2* is attributed to the weak in-
teractions of Pb%>" with the benzene moieties. The PET mechanisms are
responsible for the fluorescence changes of MOF-1 towards TA, HC and
AA. The detection of SDH arises from the synergistic effect of the CA and
PET mechanisms. The water pollutants in three real-world water sam-
ples were detected with recoveries of 98.00-103.70 %, and HC and AA
in 100-fold diluted real sweat samples were detected with recoveries of
100.1 % and 104.1 %. MOF-1-based test strips were developed for the
rapid detection of HC and AA in sweat. This work is one of the few re-
ported examples of detecting sweat biomarkers using MOF-based fluo-
rescent probes. The LOD values of this dual-signal sensor can reach pM
level or above. MOF-1 has the potential to expand the applications of
fluorescent MOF in environmental, food, and biological fields, as it can

16

b

d

Fig. 16. (a) Photograph of original test paper; (b) under 365 nm UV light,
optical images of original test paper and (c and d) those after immersing in AA
and HC solutions, respectively.

C

not only detect water pollutants and food additives, but also sense
specific sweat biomarkers caused by these substances for assessing
health.
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Nomenclature section

AA ascorbic acid

Ala alanine

APM aspartame

BHT butylated hydroxytoluene

CA competitive absorption

CPs Coordination polymers

Cre creatinine

DFT density-functional theory

FTIR Fourier transform infrared

Glc glucose

Glu glutamic acid

Gly glycine

HC hydrocortisone

HOMO  highest occupied molecular orbital
I fluorescence intensity of MOF-1 when the analyte is present
Iy fluorescence intensity of MOF-1
Ksv Stern-Volmer constant

LOD limit of detection

LUMO lowest unoccupied molecular orbital
Met: methionine

MOF metal-organic framework

MPB methylparaben

PET photoinduced electron transfer
PG propyl gallate

Pro proline

PXRD powder X-ray diffraction

QY quinoline yellow

RET resonance energy transfer

RSD relative standard deviation
SDH dehydroacetic acid sodium salt
TA tartaric acid

TBHQ tert-butylhydroquinone

TGA Thermogravimetric analysis
UA uric acid

Ure urea

UV-Vis Ultraviolet-visible

é standard deviation

Data availability

Data will be made available on request.
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