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As one of the alkaline earth metal ions with high coordination numbers, the barium ion (Ba2*) typically
shows versatile coordination modes when coordinating with organic ligands to construct metal—-organic
frameworks (MOFs) featuring novel structural attributes. In this work, based on the diverse coordination
modes between Ba®* and isonicotinic acid (HINA) or its derivatives, three MOFs, namely, Ba,(Cu,Br;)(3-
F-INA)4(HO) (1, 3-F-INAH = Bax(H,0);,Cu4Brs(INA)s  (2)  and
Ba,Ks(DMF)3[Cuslg(INA)10l(H-0)3 5 (3), with novel structural features are synthesized and characterized. In

3-fluoroisonicotinate  acid),

these compounds, CuX (X = Br and I) participates in the assembly reaction via coordination with the pyridine
N atom of the isonicotinate ligand, featuring one-dimensional (1D) chain-like architectures that are incor-
porated into the resultant 3D MOFs. Significantly, by varying the substituent groups on HINA and altering the
halogen species, the luminescent properties of the as-synthesized MOFs could be tuned. Notably, com-
pound 3 exhibits a bright orange emission and demonstrates a selective fluorescence (FL) quenching
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response toward the sulfur-containing small molecule cysteine (Cys), highlighting its potential utility in FL-
based biomolecular sensing. Furthermore, 3 displays sensitive FL sensing toward Fe>* ions. This study rep-
resents the first report on Ba-CuX-INA frameworks exhibiting FL sensing properties, thereby providing a
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1. Introduction

Metal-organic frameworks (MOFs), as classic fluorescence (FL)
materials, have demonstrated significant potential in sensing
applications."™ This is attributed to their tunable structural
properties and diverse luminescent characteristics, which
enable selective and sensitive responses to specific analytes.>”
It is well established that the FL in MOFs can be derived from
a variety of sources, including rare-earth (RE) ions,® organic
ligands,” and metal-organic energy transfer processes."
Nevertheless, the development of novel FL units for the con-
struction of MOFs aimed at sensing applications remains
highly desirable, given the limited availability of RE metals
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valuable foundation for the development of novel FL CuX-based MOFs for sensing applications.

and the inherent challenges associated with the synthesis of
organic emitters.’*™?

On the other hand, inorganic-organic hybrid materials
based on CuX (where X = Cl, Br, and particularly I) have gar-
nered significant interest due to their FL applications.'*'® For
instance, the research team led by Jing Li presented Cu,L,(L),
(where L denotes organic ligands) hybrid materials that
demonstrate particular utility as phosphors in the fabrication
of light-emitting diodes (LEDs)."®'® Apparently, CuX units
exhibit remarkable diversity in composition, structure, and
fluorescence (FL) properties, while their structural character-
istics, anionic species (X7), and types of organic ligands sig-
nificantly influence the FL performance of CuX-based hybrid
materials. This not only offers ample opportunities for the
modulation of their FL properties but also renders CuX units
ideal candidates for efficient emissive centers in the construc-
tion of FL materials, particularly fluorescent metal-organic
frameworks (FL MOFs)."9%"

Recent studies have demonstrated that MOFs can serve as
structural platforms to encapsulate functional inorganic units
within their porous architectures, as they can provide abun-
dant coordination sites in the resulting structures.**”>®
Notably, these coordination sites, alongside the diverse coordi-

This journal is © The Royal Society of Chemistry 2026


http://rsc.li/dalton
http://orcid.org/0000-0002-1086-7797
http://orcid.org/0000-0002-3514-216X
http://crossmark.crossref.org/dialog/?doi=10.1039/d5dt02972d&domain=pdf&date_stamp=2026-03-19
https://doi.org/10.1039/d5dt02972d
https://pubs.rsc.org/en/journals/journal/DT
https://pubs.rsc.org/en/journals/journal/DT?issueid=DT055012

Published on 20 February 2026. Downloaded on 6/18/2026 1:54:35 AM.

Dalton Transactions

nation modes between metal ions and organic linkers, further
confer enhanced structural diversity to the integrated in-
organic units within a three-dimensional (3D) porous
network.>*>° Considering this, herein, a series of novel 3D
MOFs formulated as Ba,(Cu,Br,)(3-F-INA),4(H,0) (1, 3-F-INAH
= 3-fluoroisonicotinic acid), Ba,(H,0),Cu,Br;(INA)5 (2, HINA =
isonicotinic acid) and Ba,Ks(DMF);[Cu,1(INA),0](H,0)s.5 (3,
DMF = N,N-dimethylformamide), were synthesized and charac-
terized. Based on the diverse coordination modes exhibited
between Ba®" ions and INA ligands, CuX (X = Br and I) can be
engineered into one-dimensional (1D) chain-like architectures
and subsequently encapsulated within the resulting MOFs.
The FL properties of the title compounds can be modulated
through the modification of the substituent groups on HINA
and by varying the halogen species. Consequently, compound
3 with 1D [Cu,I4(INA);o],>"" chains as luminescent centers
exhibits a bright orange emission. Moreover, it demonstrates a
pronounced FL quenching response to cysteine and Fe®" ions.
The underlying sensing mechanism was investigated through
a series of comprehensive characterizations. This study is
anticipated to provide novel insights into the design of FL
sensing MOFs through the incorporation of emissive CuX
units.

2. Experimental
2.1 Materials and methods

Detailed information on the materials employed can be found
in the SI. Single-crystal X-ray diffraction data were collected
with a Rigaku XtaLAB Synergy-R (MoKa, A = 0.71073 A) single-
crystal diffractometer at 100 K or 280 K. Powder X-ray diffrac-
tion (PXRD) patterns were recorded on a Rigaku MiniFlex II
diffractometer using CuKo radiation (A = 1.54178 A). A graphite
monochromator was used and the generator power settings
were set at 30 kV and 15 mA. Data were collected in the 20
range of 5°-50° at a scanning speed of 0.5° min™".
Thermogravimetric analysis (TGA) was performed under a
nitrogen atmosphere with a NETZSCH STA449C instrument at
a heating rate of 10 °C min~". Variable-temperature FL spectra
were performed on an FLS1000 spectrometer. Energy disper-
sive spectroscopy (EDS) and scanning electron microscopy
(SEM) mapping was observed on a Zeiss Sigma 300 scanning
electron microscope with an accelerating voltage of 3 kV. X-ray
photoelectron spectroscopy (XPS) was performed on a Thermo
Scientific ESCALAB 250 Xi with a monochromatic AlKa X-ray
source (1486.6 eV) operating at 15 kV and substrate pressure of
5.0 x 107% Pa. All peaks were corrected with the characteristic
peaks of C 1s (binding energy 284.8 eV), and the peak fittings
were analysed using the Avantage 5.932 software.

2.2 X-ray crystallography

Single crystals of the as-made compounds suitable for single-
crystal X-ray diffraction (SCXRD) were selected under an
optical microscope and glued to a thin glass fiber. The SCXRD
data for compounds 1-3 were all collected on a Rigaku XtaLAB
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Synergy-R single-crystal diffractometer (MoKa radiation, 4 =
0.71073 A), with the data for compound 1 acquired at 280 K
and that for compounds 2 and 3 at 100 K, respectively. The
structures were solved by direct methods and refined with full-
matrix least squares techniques using the SHELX2018 or
SHELX2019 package. In compound 1, one of the crystallogra-
phically unique Cu atoms was dealt with as disordered over
two positions (Cu(1) and Cu(1B) with an SOF of 0.856(3) and
0.144(3), respectively). It is somewhat unusual that Cu(1B) and
the INA ring show a high degree of non-coplanarity. However,
it was not possible to sensibly model the ring as disordered
due to the low occupancy of the second part. Thus, discussions
on the geometry are limited to the main part of the molecule.
In addition, one of the 3-F-INA ligands presents disorder in
the terminal F/H atoms (F(2)/H(10A) and F(2B)/H(8A) with SOF
of 0.432(7) and 0.568(7), respectively). In compound 3, highly
disordered DMF and H,0 molecules are present, and thus soft
restraints such as SIMU, SADI, FLAT and ISOR were applied to
them to obtain reasonable models. Notably, it was difficult to
determine unambiguously the ratio and position of one of the
DMF molecules (012 to C36) and H,O (O1W to O7W); thus,
their SOFs were fixed. The atomic displacement parameters
(ADPs) in this region are larger than ideal and in the current
model the occupancies of the sites where DMF or water are
located do not add up to 1. It is also possible that the dis-
ordered K (K(1) and K(1B)) is actually a K/Ba mixture refining
to occupancies of approximately 0.95/0.05. Consequently, this
section of the molecule is not discussed in detail. Having been
well determined and freely refined, the rest of the structure
constitutes the focus of our interest and discussion and thus
included herein. However, it should be noted that the exact
composition in that region has not been unambiguously deter-
mined. The final formulae of these structures were determined
based on the SCXRD results and EA and TGA characterization.
The CCDC numbers are 2504604-2504606, respectively. The
crystallographic data and structural refinement details are
listed in Table S1. The bond lengths and hydrogen bonding
data are listed in Tables S2-7.

2.3 Synthetic procedures

Preparation of compound 1. A mixture of 0.075 ¢
(0.287 mmol) Ba(NO3),, 0.10 g (0.448 mmol) CuBr,, 0.10 g
(0.602 mmol) KI, 0.10 g (0.523 mmol) 3-fluoroisonicotinic acid
(3-F-INAH), 3.0 mL DMF, 2.0 mL CH;CN and 2.0 mL ethanol
was sealed in an 8 mL glass vessel, heated at 100 °C for 4 days,
and then cooled to room temperature. The red bulk crystals
were selected by hand, washed with absolute ethanol, and
then dried in the air.

Preparation of compound 2. A mixture of 0.261 g
(1.16 mmol) BaC,0,, 0.223 g (1.00 mmol) CuBr,, 0.246 g
(2.00 mmol) HINA, and 7.0 mL H,O was sealed in a 20 mL
autoclave, heated at 170 °C for 5 days, and then cooled to
room temperature. The yellow rod-like crystals were selected by
hand, washed with absolute ethanol, and then dried in the air.

Preparation of compound 3. A mixture of 0.075 g
(0.287 mmol) Ba(NOs),, 0.10 g (0.525 mmol) Cul, 0.10 g
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(0.523 mmol) KI, 0.10 g (0.812 mmol) HINA, 3.0 mL DMF,
2.0 mL CH;CN, and 2.0 mL ethanol was sealed in an 8 mL
glass vessel, heated at 100 °C for 3 days, and then cooled to
room temperature. The orange bulk crystals were selected by
hand, washed with absolute ethanol, and then dried in the air.

2.4 FL sensing measurements

The as-synthesized crystalline sample of 3 was manually
ground to afford a fine powder. Then, the fluorescence of the
powder was measured by dispersing 2 mg sample in 2 mL of
ethanol (EtOH), methanol (MeOH), ethyl acetate (EtOAc), ethyl-
ene glycol (EG), dimethyl sulfoxide (DMSO), acetonitrile
(MeCN), N,N-dimethyl formamide (DMF), and N,N-dimethyl
acetamide (DMA). After ultrasonic treatment, the suspension
was placed in a quartz cell of 1 cm-width for FL detection.
Detailed detections for all titrants were carried out using a
pipette to gradually add DMSO, various 1.0 x 10~ mol L™
ethanol solutions of amino acids, and 1.0 x 10~ mol L™ ethanol
solution of Fe** into the FL emulsion of compound 3. The sus-
pension was transferred into a dry 1 cm-path length quartz
cuvette for FL spectroscopy measurement using a HORIBA
FluoroMax+ spectrofluorometer, with the system shaken well
prior to scanning. For FL detection, the excitation wavelength
was set at 465 nm, both the excitation and emission slits were
fixed at 5 nm, and the emission spectrum was scanned in the
range of 500-780 nm at a scanning speed of 1000 nm min " with
data intervals of 1 nm. Throughout the measurement process,
the detection chamber was maintained at a constant temperature
of 25 + 0.5 °C and protected from light.

3. Results and discussion
3.1 Crystal structure description

The SCXRD analysis reveals that compound 1 crystallizes in the
orthorhombic system, space group Pbcm (Table S1). Its asym-
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metric unit corresponds to half a formula unit, containing one
crystallographically independent Ba®" ion, two Cu" and Br~ ions
(all in 4d special positions), two 3-F-INA™ ligands, and half a
water molecule (O(1 W) in 4c site) that coordinates to the Ba**
ion (Fig. S1). The Ba(1)** ion exhibits a nine-coordinated geome-
try, wherein the carboxyl groups from four distinct 3-F-INA™
ligands coordinate in a monodentate mode, and the other two
carboxyl groups coordinate with a bidentate chelating mode.
The neighboring Ba®>" ions are interconnected through the brid-
ging oxygen atoms from two monodentate carboxylate groups
and one water molecule to form a 1D [Ba,(COO)s(H,O)],*"~
chain (Fig. 1a). The 1D chains are interconnected by the COO™
groups to connect the neighboring ones to generate a 2D
network denoted as {Ba,(COO),(H,0)}, (Fig. 1b). Meanwhile,
the Cu" ions are stabilized in a tetrahedral environment, co-
ordinated by two Br~ ions and two oxygen from two 3-F-INA™
ligands to form a 1D {Cu,Br,}, chain (Fig. 1c and S2 and 3).
Then, these 1D {Cu,Br,}, chains and 2D {Ba,(COO),(H,0)}, net-
works are bridged by 3-F-INA™ ligands to form the 3D frame-
work of Ba,(Cu,Br,)(3-F-INA),(H,O) (Fig. 1d and S4).

Compound 2 crystallizes in the triclinic system, space group
P1 (Table S1). Its asymmetric unit contains one complete
formula unit (Fig. S5). In 2, each Ba®>" ion adopts an eight-coor-
dinate geometry, with the coordination involving two carboxy-
late groups that bind in either a monodentate or bidentate
mode, while the remaining coordination positions are fulfilled
by water molecules (Fig. 2a and Table S4). Specifically, the
neighboring Ba®>* ions are interconnected by sharing a single
carboxylate oxygen atom along with two coordinated water
molecules, resulting in the formation of a 1D chain-like SBU
denoted as {Ba,(CO0)5(H,0),},,"~ (Fig. 2a). In compound 2, the
Cu atoms display two distinct coordination environments: Cu
(1) is two-coordinated by two nitrogen atoms originating from
two INA™ ligands, whereas Cu(2), Cu(3), and Cu(4) are four-co-
ordinated by one nitrogen atom and three bromine atoms,
generating a 1D {Cu,Br;},"" chain-like structure (Fig. 2b and

Fig. 1 Crystal structure of compound 1. (a) 1D [Ba,(COO)g(H,0)1,*"~ chain featuring the coordination environment of the Ba* ions. (b) 2D
{Bax(COO0)4(H,0)}, layered network. (c) 1D {Cu,Br;}, chain. (d) 3D framework of compound 1 viewed along the a-axis.
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Fig. 2 Crystal structure of compound 2. (a) 1D {Ba,(COO)s(H,0);},"~ chain with the coordination environment of the Ba®* ions. (b) 1D {Cu,Brs},"™*
chain. (c) 3D framework of compound 2 viewed along the a-axis.

S6). The 1D {Cu,Brs},"" chains are bridged with the 1D Compound 3 crystallizes in the triclinic system, space group
{Ba,(CO0);5(H,0),},"~ chains through the INA™ ligands to form P1 (Table S1). Its asymmetric unit corresponds to half a
a 3D framework (Fig. 2c and S7, 8). formula unit (Fig. S9). In contrast to compounds 1 and 2, the
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Fig. 3 Crystal structure of compound 3. (a) Coordination environments of Ba®* and K* ions in compound 3. (b) 1D chain-like structure of
{Ba,(COO)10K5(DMF)4},"". (c) 1D {Cuslg},"* chain in 3. (d) 3D framework of compound 3 viewed along the a-axis. (e) Elemental mapping images of
Ba, K, Cu, and | for compound 3. (f) XPS survey scan and high-resolution spectra of Cu 2p, | 3d, and Ba 3d for compound 3.
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incorporation of the heterometal K™ in compound 3 signifi-
cantly alters the coordination environment of Ba®>". In the
crystal structure of compound 3, Ba®>" adopts a nine-coordinate
coordination mode, with its coordination environment
detailed as follows: the carboxyl groups of three distinct INA™
ligands occupy six coordination sites through a bidentate
coordination mode, while the remaining three coordination
sites are complemented by three different ligands via a mono-
dentate coordination mode. Meanwhile, the K ions exhibit
diverse coordination geometries, adopting octa-coordinate,
deca-coordinate, and hexa-coordinate configurations, respect-
ively. Specifically, the central K" ion is hexa-coordinated by six
oxygen atoms from six different carboxylic groups in a mono-
coordinated way, which is further surrounded by four K" ions
and two Ba®>* ions to form a heptyl-nuclear cluster as an SBU
(Fig. 3a). The heptyl-nuclear cluster is further bridged with two
neighboring SBUs to assemble into a 1D chain-like
{Ba,(COO0),(Ks(DMF);}," (Fig. 3b). Benefiting from the unique
coordination space confinement space constructed by the
aforementioned 1D chains and INA™ ligands (Fig. $10), Cu,l,
SBU in compound 3 features a 1D {Culs},"" chain-like struc-
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ture (Fig. 3c). The {Cu,ls},"" chains and the
{Ba,(CO0),(K5(DMF)3},,"~ chains are bridged via the nitrogen
atoms (N) of the pyridine ring in the INA™ ligands to form a
novel 3D structure (Fig. 3d and S11).

The phase purity of the as-made compounds was confirmed
by comparing the experimental powder X-ray diffractograms
(PXRD) with the simulated pattern generated from single-
crystal diffraction data (Fig. S12-14, respectively). TG measure-
ments were also conducted to study their thermal properties
(Fig. S15-17, respectively). According to the thermogravimetric
(TG) curves shown in Fig. S15-17, respectively, compound 1
remains stable up to 200 °C but loses its crystalline water at
approximately 215 °C. Following this, its structure undergoes
thermal decomposition between 250 ©°C and 400 °C.
Compound 2 demonstrates similar thermal stability to com-
pound 1, maintaining its structure up to around 200 °C before
collapsing due to the removal of its organic components. In
the case of compound 3, a continuous slight weight loss
occurs in the range of 50-330 °C, which is attributed to the
removal of the solvents DMF and H,O. Then, rapid weight loss
occurs after 330 °C, resulting from its structural collapse.

(b) 3.5%10° 1 —::;(
~  3.0x10°4 ——157K
s 197K
8 2.5x10%4
2 5
g 2.0x10° 4
3 1.5x10°4 /
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Fig. 4 (a) Excitation and emission spectra of the as-synthesized compound 3. (b) Temperature-dependent fluorescence spectra of the as-syn-
thesized compound 3 under 465 nm excitation. (c) Time-resolved fluorescence decay curves of compound 3 under 450 nm excitation at 77 K and
298 K (z = lifetime). (d) Plots of the highest occupied crystal orbital in the VB (top section) and lowest unoccupied crystal orbital in the CB (bottom

section) of compound 3.
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Taking compound 3 with diverse components as a case study,
the results obtained from EDS and SEM mapping confirm the
presence and uniform distribution of the primary elemental
constituents (Cu, I, Ba, and K) throughout the crystal specimen
(Fig. 3e). These observations are consistent with the XPS data,
which identified characteristic orbital signals corresponding to
Ba 3d, Cu 2p, and I 3d, respectively. Importantly, the binding
energy analysis of the Cu 2p orbital indicates the oxidation
state of Cu(1) with no detectable satellite peaks associated with
Cu(u) species (Fig. 3f). This result aligns with the structural
data derived from the SCXRD and elemental analysis. The
SEM mapping measurements of the other compounds are also
listed in the SI (Fig. S18 and 19).
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3.2 Luminescence properties

At room temperature, compound 1 exhibited no emission
upon excitation with ultraviolet light, whereas 2 displayed a
weak yellow emission. This difference can be attributed to the
presence of the fluorine substituent possessing an electron-
withdrawing effect derived from 3-F-INA in 1. The high electro-
negativity of fluorine significantly modulates the ligand elec-
tronic structure, reducing the n electron cloud density of the
aromatic ring and weakening the probability of radiative tran-
sition related to ligand-to-metal charge transfer (LMCT)
between the ligand and the Cu(i) center, causing the non-emis-
sive character of compound 1.3°7?

DMA DMSO

OuL 50 uL
1 —1ou 60 ul

Intensity (a.u.)

550 600 650 700 750
Wavelength (nm)

1.0] R?=0.9866
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Fig. 5 (a) Photographs of FL emulsions of 3 dispersed in different solvents under 365 nm UV light. (b) FL spectra of 3 upon the addition of different
amounts of DMSO. (c) FL spectra of 3 upon the addition of different amounts of 1072 mol L™ Cys. (d) K, curve for the detection of DMSO. (e) Ky,

curve for the detection of Cys.
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Compound 3, which contains 1D Cul chains, displays a
bright orange FL with a maximum emission peak at 640 nm
when excited with 465 nm ultraviolet light (Fig. 4a). Variable-
temperature FL spectroscopy shows that its FL intensity slowly
diminishes as the temperature gradually increases from 77 to
298 K (Fig. 4b). The FL lifetime characterization indicates that
its FL lifetime is 585.7 ns at 77 K, which is nearly thirteen-
times greater than that measured at 298 K (Fig. 4c). This result
is consistent with other Cu,l,(L), hybrids exhibiting thermally
activated delayed FL (TADF), which can be explained by the
decrease in the thermally induced nonradiative decay
process.*>® A similar phenomenon has also been observed
for compound 2 (Fig. S20-22). DFT calculations showed that
the valence band (VB; top section) and conduction band (CB;
bottom section) of compound 3 originate from its Cul com-
ponent and the INA™ ligand, respectively (Fig. 4d). These find-
ings suggest that its emission predominantly arises from
energy transfer between its 1D [Cu,le],"" chains and INA~
ligands, which serve as the principal FL center within 3.>>*

3.3 FL sensing properties

The as-prepared crystals of compound 3 were ground into a
powder and dispersed in organic solvents regularly used in the
lab to evaluate their FL sensing capacities. As illustrated in
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Fig. 5a and S23, compound 3 exhibits a pronounced and selec-
tive FL quenching response to DMSO. Upon the addition of
DMSO into the FL emulsion of compound 3, its FL intensity is
quenched gradually (Fig. 5b). This result highlights its poten-
tial utility for the selective detection of sulfur-containing com-
pounds. As is known, cysteine, a crucial sulfur-containing bio-
molecule, plays a significant role in biological systems, and
alterations in its concentration are closely linked to a range of
pathological conditions.*®*° Consequently, the development
of sensitive methods for the detection of cysteine is of con-
siderable importance. As seen in Fig. 5¢, by dispersing com-
pound 3 in 2 mL of ethanol with varying volumes of 10~> mol
L' cysteine, the FL intensity decreases gradually with the
addition of cysteine in an incremental way. To quantitatively
analyze the FL quenching effect of DMSO and Cys, the Stern-
Volmer (SV) equation of I/ = 1 + Ky, x [M] was employed,
where I, represents the FL intensity of 3 without the quench-
ing analyte, I is the FL intensity after adding the quencher, [M]
is the concentration of the quencher and K, is the quenching
constant.”’ As depicted in Fig. 5d and e, the SV plot showed a
good linear relationship with a high R* value, and the calcu-
lated quenching constant was 0.7287 L mol " and 2.73 x 10° L
mol ™, respectively. The sensing performances for Cys are com-
parable to other FL MOFs based on ligand modification and

O
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Fig. 6 (a) Comparison of the FL intensities of compound 3 dispersed in various 1072 mol L™ metal ions. (b) FL intensities of compound 3 towards
various 1072 mol L™ metal ions. (c) FL spectra of 3 upon the addition of different amounts of 10~ mol L™ Fe3*. (d) K, curve for the detection of Fe**.
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constructed from rare-earth metals (Table $8).***° Other
sulfur-containing amino molecules also showed some degree
of quenching effect on the fluorescence of compound 3, while
the amino acids without sulfur showed almost no quenching
effect, as shown in Fig. S24. By contrast, compound 3 exhibited
the strongest quenching response to Cys, demonstrating its
selective sensing.

Compound 3 was dispersed in a series of 10~ mol L™"
ethanol solutions of metal nitrates (M = Na*, K, Mg>", Ca*",
Cu**, Sr**, and Fe") to investigate its potential FL sensing of
metal ions. As shown in Fig. 6a and b, compound 3 exhibits a
significant selective quenching effect toward Fe®" in contrast
to the other metal ions under the same measuring conditions.
As seen in Fig. 6¢, with the addition of 107> mol L™ Fe** into
the FL emulsion, the FL intensity of compound 3 was
quenched gradually. The quenching percentage exceeded 50%
when only 50 pL of 107> mol L™ Fe*" was added, demonstrat-
ing its sensing sensitivity. As shown in Fig. 6d, the SV plot
shows a good linear relationship (R* = 0.9790), and the calcu-
lated quenching constant, Ky, is calculated to be 5.92 x 10* L
mol ".**® Its sensing performances are better than that of
other FL MOFs constructed from rare metals and FL ligands,
indicating that the Cul module could be a good candidate as
an FL sensing module to build FL. MOFs (Table S$8)."°7* The
FL sensing response of compound 3 to both Cys and Fe®" ions
indicates that the CuX units are promising building blocks
and emissive units to construct FL MOFs.

In Cys, its thiol (-SH) group as a nucleophilic donor can
form strong coordinate bonds with the electrophilic Cu() sites
in the 1D {Cu,le},"" chains.’®>* As shown in Fig. 525, the EDS
mapping analysis revealed a uniform distribution of sulfur in
the sample following the sensing tests, confirming the strong
interaction between cysteine and compound 3. XPS analysis
indicated no significant shifts in the positions or shapes of
the Cu(1) 2p and I 3d characteristic peaks, confirming the
chemical stability of the 1D {Cu,Is},"" chains throughout the
sensing (Fig. $26). The weak signal of the S 2p characteristic
peak further demonstrated the specific coordination between
Cys and surface-exposed Cu(i) sites via thiol groups. Based on
the above-mentioned characterization, the thiol group (-SH) in
Cys as a typical nucleophilic donor specifically coordinates
with the electrophilic Cu(i) sites on the 1D {Cu,Is},”" chains in
3, and the local electronic microenvironment of the 1D Cul
chains as the emission center for the compound is altered,
which induces FL quenching.*

4. Conclusions

In conclusion, three FL Ba-CuX-INA (X = Br and I) MOFs were
synthesized via the solvothermal method. By taking advantage
of the diverse coordination properties between Ba®>" and the
isonicotinate ligand or its derivative, CuX could be tuned into
1D chain-like units and confined into the 3D crystal lattice of
the title three MOFs. Notably, through monitoring the func-
tional groups in the organic ligand and the halide ions, com-
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pound 3 exhibits bright orange luminescence and showed
specific FL. quenching responses toward Cys and Fe** with
high selectivity and sensitivity. This study presents an impor-
tant reference towards the design of novel FL MOFs by using
CuX units as promising emissive and building blocks.
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