7 ROYAL SOCIETY
PN OF CHEMISTRY

CrystEngComm

View Article Online

View Journal | View Issue

Effects of the recognition sites of MOFs on turn-

l'.) Check for updates‘
off fluorescence detection of Fe>*+

Cite this: CrystEngComm, 2024, 26,
6126 o .
Senlin Li,? Yanan Gu,? Bo Zhao,? Haocheng Cai,? Zhuo Zhao,?

Qiaozhen Sun ®*2 and Bingguang Zhang*®

In this work, two fluorescent Cd(i)-based metal-organic frameworks (MOFs), named [CdL(dpa)l-2.5H,O (1)
and CdyL,(2,2'-bpy), (2) (HoL = 5-[(dimethylamino)thioxomethoxyl-1,3-benzenedicarboxylic acid, dpa =
4,4'-dipyridylamine and 2,2'-bpy = 2,2'-bipyridine), were successfully exploited as fluorescent sensors for
the detection of Fe** in an aqueous medium. Compound 1 was assembled with Cd?*, L>” and dpa to
construct a porous two-dimensional layer. The (dimethylamino)thioxomethoxy groups in the layer protrude
into the adjacent layers to form an interdigitated motif. Compound 2 exhibited an infinite ladder-like chain
with the (dimethylamino)thioxomethoxy groups hanging on the two sides of the chain. Fluorescence
studies revealed that both 1 and 2 can effectively detect Fe** in H,O through luminescence quenching (Ks,
=296 x10* Mt and LOD = 6.40 x 10> mM for 1; Ky, = 3.31 x 10* M and LOD = 7.65 x 107> mM for 2).
The synergistic competitive absorption and coordination interaction mechanism could explain the
detection of Fe**. Furthermore, the enlarged steric hindrance in compound 1 resulted in lower values of
Ks and LOD than those of compound 2, which impeded the coordination of Fe** with its N, O and S
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Introduction

The quality of water is a basic prerequisite for the survival of
human beings. Pollutants such as heavy metal ions,
pesticides and toxic nitroaromatic compounds present in the
water system pose serious threats to human health.
Therefore, the efficient monitoring of harmful or toxic
substances in water resources is requisite and imperative.*”
Metal-organic frameworks (MOFs), comprising organic
linkers and inorganic metal nodes (or -clusters), find
applications in many fields owing to their facile tuned
structures. Because of their flexible structural units and
adjustable interactions between components, luminescent
metal-organic framework sensors have been developed for
the detection of inorganic ions and organic pollutants in
recent years.°® To achieve luminescent sensors with high
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selectivity and sensitivity, many researchers have exploited
large m-conjugated ligands containing multiple N- and
O-donor atoms.'®™® Results indicated that the intermolecular
interaction between MOFs and guest molecules is an
important factor deciding the MOF's sensing capability.'”>°
However, the mechanism underlying the modulation of the
luminescence detection performance of MOFs through this
interaction has not yet been explored.

As is known, the interaction mainly depends on the
electron density of N- and O-donor atoms, which is subject to
the coordination environment in coordination polymers. In
other words, the interaction between MOFs and guest
molecules can be revealed through the effect of different
coordination environments of donor atoms on fluorescence
detection. Thus, in this work, two luminescent Cd(u)
coordination polymers with N, O and S donor atoms were
constructed based on the 5-[(dimethylamino)thioxomethoxy]-
1,3-benzenedicarboxylic acid ligand for Fe*" detection. The
crystal structures of the two polymers were determined to
clarify the coordination environment of the functional
groups. In addition, the fluorescence detection performances
of the two polymers were performed and compared.

Experimental section
Materials, devices and crystal data characterization

The ligand 5-[(dimethylamino)thioxomethoxy]-1,3-
benzenedicarboxylic acid (H,L) was synthesized according to

This journal is © The Royal Society of Chemistry 2024
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our earlier report.>" All the reagents and solvents used for the
synthesis and analysis were commercially available.
Elemental analysis (C, H contents) was performed using a
Perkin-Elmer 240 analyzer. IR spectra were recorded using a
Vector 22 Bruker spectrophotometer with KBr pellets in the
4000-400 em™ region at room temperature.
Thermogravimetric analyses (TGA) were performed using a
Perkin-Elmer thermal analyzer at a heating rate of 10 °C
min™' in a nitrogen atmosphere. Powder X-ray diffraction
(PXRD) patterns were recorded using a Rigaku D/max-2550
X-ray diffractometer with graphite-monochromatized Cu-Ko
(1.54056 A) radiation at 40 kV/250 mA at room temperature.
Luminescence spectra of the samples were recorded using a
FLS920 spectrophotometer with a xenon arc lamp as the light
source at room temperature. X-ray photoelectron spectra
(XPS) were recorded using a Thermo Scientific Escalab 250Xi
spectrometer. 'H nuclear magnetic resonance (‘H NMR)
spectra were recorded using a Mercury plus 600 spectrometer.
UV-vis spectra were recorded using a Shimadzu UV-2550
double-beam spectrophotometer at ambient temperature.

Synthesis of [CdL(dpa)]-2.5H,0 (1)

A mixture of Cd(NO3),-4H,0 (31 mg, 0.1 mmol), H,L (30 mg, 0.1
mmol), and dpa (17 mg, 0.1 mmol) in 2 mL DMF/H,0 (v/v, 1:1)
was sealed in a Teflon-lined autoclave and heated to 120 °C for
60 h, and then gradually cooled down to room temperature.
Yellow crystals were obtained. Yield: 0.04 g (67%, based on
Cd(NO3),-4H,0). Anal. caled for C,yHy3N,0;50SCd: C, 42.29; H,
3.86; N, 9.40%. Found: C, 42.36; H, 3.76; N, 9.47%. IR (KBr,
em") 3446(m), 2924(m), 1668(m), 1593(s), 1441(w), 1371(m),
1348(s), 1285(w), 1210(m), 1137(w), 1102(vw), 1055(vw), 1013(m),
901(vw), 865(vw), 812(w), 778(w), 736(w), 591(W), 536(w), 435(w).

Synthesis of Cd,L,(2,2"-bpy), (2)

A mixture of Cd(NO;),-4H,0 (31 mg, 0.1 mmol), H,L (30 mg,
0.1 mmol), and 2,2"-bipyridine (2,2-bpy) (16 mg, 0.1 mmol) in
2 mL DMF/H,O (v/v, 1:1) was sealed in a Teflon-lined
autoclave and heated to 120 °C for 60 h, and then gradually
cooled down to room temperature. Yellow crystals were
obtained. Yield: 0.07 g (65%, based on Cd(NOj3),-4H,0). Anal.
caled for C,,H3,NgO;0S,Cd,: C, 47.07; H, 3.20; N, 7.84%.
Found: C, 47.26; H, 3.23; N, 7.78%. IR (KBr, cm ') 3416(m),
2925(m), 2851(w), 1607(m), 1543(s), 1439(m), 1366(s), 1348(s),
1287(w), 1234(w), 1135(m), 1098(w), 1059(vw), 1013(w),
927(vw), 811(w), 769(m), 729(m), 647(vw), 589(vw), 441(w).

X-ray crystallography

X-ray diffraction intensity data of compounds 1 and 2 were
measured using a Bruker SMART CCD diffractometer
equipped with a graphite-monochromatized Mo Ka radiation
source (1 = 0.71073 A) using an w-¢ scan mode at 296(2) K.
The data sets were corrected for absorption by a multi-scan
technique. The structures were solved via a direct method
and refined by full-matrix least squares on F>.>* All non-
hydrogen atoms were refined with anisotropic thermal
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displacement coefficients. The hydrogen atoms were assigned
with isotropic displacement factors. In compound 1, two
water molecules were refined as disordered. The details of
crystal data, selected bond lengths and angles, and hydrogen
bond ranges for compounds 1 and 2 are listed in Tables 1, S1
and S2,} respectively. The crystallographic data of 1 and 2
have been deposited with the Cambridge Crystallographic
Data Center. CCDC reference numbers: 2080883 for 1 and
2080887 for 2, respectively.

Photoluminescence experiments

In a typical experiment, compound 1 (5.0 mg) was finely
ground and immersed in 3.0 mL solvent, ultrasonicated for 6
h, and then aged for 2 days to form a stable suspension for
luminescence measurements.

Results and discussion
Crystal structure of compound 1

Compound 1 crystallizes in a monoclinic system, P2,/n space
group. The crystallographic analysis revealed that the
structure of 1 consists of one Cd** ion, one dpa and one 1>~
ligand. As depicted in Fig. 1a, Cd1 has a distorted octahedral
geometry, with the equational plane formed by three oxygen
donors (O1B, O2B and O5) and one nitrogen atom (N2), and
the axial position occupied by one carboxylate oxygen atom
(O4) and one nitrogen atom (N4C). The lengths of Cd-O and
Cd-N bonds are found in the ordinary range (Table S17). The
L*" ligand is fully deprotonated and each carboxylate group
displays a chelated coordination mode to coordinate with
one Cd(n) center. The dpa ligands exhibit ditopic linkers,
leaving the amino groups uncoordinated. A nearly square

Table 1 Crystal data and structure refinement details for compounds 1
and 2

Compounds 1 2

Empirical formula C,1H,3CdN,O5 50S C45H;3,Cd;NgO40S,

Formula weight 595.89 1071.67

Crystal system Monoclinic Triclinic

Space group P24/n P1

a (&) 11.1116(7) 10.3270(10)

b (A) 14.8127(9) 13.8387(13)

c (A 15.3395(9) 18.3399(18)

a(©) 90 102.5480(10)

B () 101.8020(10) 101.1410(10)

7 (9) 90 102.3540(10)

Vv (A% 2471.4(3) 2418.9(4)

Z 4 2

D (g em™) 1.602 1.471

Mu (mm™) 1.018 1.023

F(000) 1204 1072

Unique reflections 3718 6043

Observed reflections 4341 8476

Rint 0.0218 0.0312

Final R indices [I > 20(I)] R, = 0.0374 R, =0.0360
WR; = 0.1064 WR; = 0.0800

R indices (all data) R, =0.0448 R, =0.0601
WR, = 0.1109 WR, = 0.0848

Goodness-of-fit on F* 1.029 1.036

CrystEngComm, 2024, 26, 6126-6133 | 6127


https://doi.org/10.1039/d4ce00899e

Published on 05 October 2024. Downloaded on 2/23/2025 11:43:01 PM.

Paper

Fig. 1 (a) Coordination environment of Cd**, L>* and dpa in 1.
Symmetry codes: a: -x + 0.5,y - 0.5, -z-0.5; b: -x + 0.5,y + 0.5, -z +
0.5;c:-x+05y+05 -z-0.5;d: -x+ 0.5, y-0.5 -z + 0.5. (b) Two-
dimensional plane along the bc plane. (c) (Dimethylamino)
thioxomethoxy groups protruding into the grids of the neighboring
layers.

grid is constructed by four Cd** ions, two dpa and two L*
ligands with a Cd---Cd distance of 14.81 x 15.34 A%, The grids
extend into a porous two-dimensional (2D) layer (Fig. 1b)
with the (dimethylamino)thioxomethoxy groups hanging
above and below the layer (Fig. Slaf). In addition, the
hanging (dimethylamino)thioxomethoxy groups protrude into
the grids of the neighboring layers to form an interdigitated
motif (Fig. 1c). The layers are further connected by O-H:---O,
N-H---O and C-H---O hydrogen bonds (Table S2, Fig. S1bt).

Crystal structure of compound 2

Compound 2 crystallizes in a triclinic system, P1 space group.
In 2, each asymmetric unit contains two crystallographically
independent Cd>" ions, two L>” ligands and two 2,2-bpy
ligands. Cd1 and Cd2 are both coordinated by four
carboxylate oxygen atoms from three different 1>~ ligands
and two nitrogen atoms from one 2,2"-bpy (Fig. 2a). Each L
ligand bridges three Cd** ions through a p;-0, O', (n>-0", 0"
coordination mode. Unlike the ditopic coordination of dpa in
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Fig. 2 (a) Coordination environment of Cd**, L>~ and 2,2’-bpy in 2.
Symmetry codes: a: -x, -y, -z + 1, b:—x+1,-y,-z+2;c:x-1y.z-1,
d:—x, -y, -z + 1, e x+ 1 y z + 1 (b) One-dimensional ladder-like
chain.
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1, 2,2"-bpy in 2 acts as an anchored ligand to coordinate with
Cd*" ions. In compound 2, two Cd*" ions are connected by
two carboxyl to construct a dimer, and the dimers are further
linked by 1" ligands to generate a ladder-like chain with the
(dimethylamino)thioxomethoxy groups hanging on the two
sides of the chains (Fig. 2b). The chains are assembled
through C-H---O and C-H---S hydrogen bonds (Fig. S27).

Comparison of recognition sites between 1 and 2

23725 the electron donor

According to our previous study,
atoms such as the uncoordinated nitrogen atoms, oxygen
atoms and sulfur atoms can act as the recognition sites for
the detection of metal ions. For 1, the 2D layer with a
porosity of mearly 14.81 x 1534 A’ enables the
(dimethylamino)thioxomethoxy groups to protrude into the
grids of the adjacent layers, which enlarge the steric
hindrance of the recognition sites and impede the
interactions between the metal ions and the electron donor
atoms. While for 2, no enlarged steric hindrance of the
recognition sites is observed as the hanging (dimethylamino)
thioxomethoxy groups on the two sides of the chain are not
interfered by the neighbouring chains (Fig. S2at).

Thermal and water stability of 1 and 2

The thermogravimetric analysis (TGA) of compounds 1 and 2
was performed to verify the thermal stability (Fig. S37). For 1,
the first mass loss of 7.38% at a temperature from 30 to 140
°C could be attributed to the release of all lattice water
molecules (caled 7.55%). Then it remained stable until about
225 °C. After that, it began to decompose quickly. For 2, the
framework did not decompose until the temperature reached
about 215 °C. In addition, samples 1 and 2 were immersed in
water for 24 h. In addition, the powder X-ray diffraction
(PXRD) patterns (Fig. S41) of immersed 1 and 2 were the
same as those of compounds 1 and 2. Therefore, compounds
1 and 2 are stable in water.

Solid-state fluorescence

The fluorescence spectra of H,L, dpa, 2,2-bpy and
compounds 1 and 2 were investigated in the solid state at
room temperature. As shown in Fig. 3, compounds 1 and 2
exhibit intensive emission with fluorescence peaks at 461

s
G

Compound 1
rd

Compound 2
pg

Intensity (a.u.)
Intensity (a.u.)

460 560 660 760 460 560 660 700
Wavelength (nm) Wavelength (nm)

Fig. 3 Solid-state emission spectra of compounds 1 (a) and 2 (b), H,L,
dpa and 2,2'-bpy at room temperature. lex = 355 nm for 1 and 2, 400

nm for H,L, and 410 nm for dpa.
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and 468 nm (l = 355 nm), respectively, while the free
ligands show emission with fluorescence peaks at 400 nm for
H,L (Zex = 325 nm), 560 nm for dpa (lex = 410 nm) and 489
and 546 nm for 2,2-bpy (Aex = 331 nm). Compared with the
free ligands, an obvious shift of compound 1 (2) is observed,
which can attribute to both the coordination of metal centers
and ligands®®® and the emission of ligand-to-metal charge-
transfer (LMCT).>**° Furthermore, as the six-coordinated
Cd(n) ions in both compounds are d*sp® hybridized, they will
accept charge from the ligand with 5d orbitals. The lifetimes
are 7; = 1.22 + 0.01 ps (56.0%) and 7, = 9.83 + 0.02 us (44.0%)
for 1 and 7y = 1.07 £ 0.02 ps (47.7%) and 7, = 9.28 + 0.02 us
(52.3%) for 2.

Detection of Fe** jons

Compounds 1 and 2 as fluorescent probes for the detection
of Fe’" were investigated. The luminescence behavior of 1 (2)
dispersed in different solvents such as acetone, CCl,, CH,Cl,,
MeCN, DMF, DMSO, EtOH, H,O, MeOH, THF, and NB
(nitrobenzene) was first investigated at room temperature
(Fig. 4 and S57). It displayed that the fluorescence was almost
completely quenched by the addition of NB. In consideration
of practical applications, the detection of metal ions was
performed in water solutions.

Typically, 5 mg of the crystalline powder of 1 (2) was
dispersed in 3 mL metal cationic aqueous solutions (Ba>",
zZn*", Mg**, Co*', Na', K', Mn*", cd*", Ni**, sr**, Pb*", Ca*",
Ag’, Hg™", Fe*", and Cu®") followed by ultrasonic treatment
for 20 min to form suspensions. The PXRD and IR spectra
manifested that compounds 1 and 2 are stable after
sonication, as shown in Fig. S6 and S7.f The fluorescence
spectra of both 1 and 2 (1 = 355 nm) were quenched upon
the addition of Fe*" (Fig. 5). The counterion for Ba®>", Ca*",
Fe**, Hg*", Mg>", K*, Na’, Mn** and Sr** ions was CI”, and
the counterion for Ag", Cd**, Co**, Cu®>", Ni**, Pb*>" and zn**
ions was NO; . After the addition of Na' salt solution
containing CI" and NO; ions (Fig. S8t), the luminescence
intensities of 1 (2), 1 (2) + NaCl and 1 (2) + NaNO; are almost
the same. This indicated that the nature of the anions had a
negligible effect on the luminescence intensity of 1 (2).

The selectivity experiments displayed that both 1 and 2
showed high selectivity toward Fe®* ions in the presence of
interfering ions (Fig. S91). The titration experiments (Fig.
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Fig. 4 Fluorescence response of 1 (a) and 2 (b) in different solvents at
room temperature.

This journal is © The Royal Society of Chemistry 2024

View Article Online

Paper

O

) Intensity (a.u.)
Intensity (a.u.)

450 500 550 600 650 700 450
Wavelength (nm)

Wavelength (nm)

Fig. 5 Emission spectra of 1 (a) and 2 (b) immersed in water
containing metal ions (condition: 5 mg 1, 3 mL H,O, and 0.02 mmol
metal ions).

S101) were conducted, and the fluorescence quenching
efficiency of Fe*" was calculated using the Stern-Volmer (S-V)
equation, (Io/I) = 1 + K[C] = 1 + Kqzo[C],*" where I, and I are
the fluorescent intensities of 1 (2) before and after the
addition of Fe*', respectively. Ky, is the quenching constant
(M™), C is the molar concentration of Fe*', 7, is the average
life of the fluorescent substance without a quencher
(calculated using the equation (a7, + an”)(owty + at)),
valued 8.65 x 107 s for 1 and 8.48 x 10°° s for 2, and Ky is
the rate constant in the process of double molecule
quenching. As shown in Fig. 6, the emission ratio (l,/I) of
both 1 and 2 for Fe** exhibited a good linear correlation at a
lower concentration (Fig. 6 inset) and the quenching
constants (Ky,) of 1 and 2 were 2.96 x 10" M " and 3.31 x 10*
M respectively. In addition, the slope became steep at
higher concentrations of Fe*" ions, which could be attributed
to the combination of static and dynamic quenching
processes between metal ions and MOFs,** or self-absorption
or energy transfer.’® The K, values of 1 and 2 were 3.42 x 10°
M s and 3.90 x 10° M' s (<2.0 x 10" M s,
respectively, and this could be attributed to dynamic
quenching.*" The fluorescence lifetime changes before and
after sensing, further verifying the dynamic quenching (Fig.
S117). From Fig. S12,f it is clear that 1 (2) exhibited a fast
response toward Fe®* within a few seconds. The limit of
detection (LOD) values of 1 and 2 for Fe*" were calculated to
be 6.40 x 10> mM and 7.65 x 10> mM respectively using the
following equation: LOD = 3¢/k (Fig. S13, Tables S3 and S4+).
In the case of Fe*”, the normal ranges for the detection limit
and K, values are 10 °-10"° M and 10°-10°> M, respectively.
Obviously, the data in this work are better or comparable to
those of the reported Cd-based MOF luminescent probes

(b)] [k, =3.31x10' M"
R® = 0.9991

@1 Tk, =2960'm"
6] ol R2=09961

14

o oh o o ol
Fe* lon concentration (mM)

-
= o 3

o ok o
Fe ion concentration (mM)

o /'/

216 000 008 016 024 032
Fe* ion concentration (mM)

000 004 0.08 0.12
Fe™ ion concentration (mM)

Fig. 6 S-V plot of 1 (a) and 2 (b) at different concentrations of Fe**
ions (insets: linear correlation at lower concentrations).
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Table 2 Comparison of Cd-MOF-based luminescent probes for the detection of Fe** ions

Compounds Ky, LOD Ref.
[Cd,(L)(bib)g.5(H,0)3],+1.757(H,0) 4.653 x 10" L mol™* 2.96 x 10° mol L™ 34
LCU-109 5.71 x 10* M* 0.0043 ppm 35
{[Cd(tte)(H,0)]-H,0}, — 5.34%x10°M 36
[Cd(PAM)(4-bpdb), 5]-DMF 3.5x10* M™" 0.3 uM 37
[Cd(BIM),Cl,],-BIM 9.59 x 10° M™* 2.51 x 10 mol L™ 38
Cd-MOF 3.663 x 10° M * 3.86 UM 39
[Cd,(H,0)(4-PDCA),], 2.72 x 10° mol L 9.80 x 10° mol L™ 40

[Cd, 5(NTB)(bipy)o.s]. 4.3x10"M™" 2.19%x10°M 4
[CcdL(dpa)]-2.5H,0 2.96 x 10* M ™" 6.40 x 10> mM This work
Cd,L,(2,2"-bpy), 3.31x 10" M 7.65 x107° mM This work

(Table 2).***' In addition, the K, and LOD values of 1 are
lower than that of 2, which may be attributed to the enlarged
steric hindrance of 1. Interestingly, the Cd-MOF** with a
higher K, value also exhibited a 1D chain structure, and the
3dpu ligand containing an uncoordinated nitrogen atom
appeared above and below the chain. The structural
similarity between Cd-MOF and compound 2 further
indicates that the decreased steric hindrance of recognition
sites is advantageous for the detection of Fe’* jons. In the
presence of anti-interference metal ions such as Ba*', Zn*",
Mg>, Co**, Na*, K*, Mn*", Cd**, Ni**, sr**, Pb*", Ca®", Ag",
Hg>* and Cu”, the recyclable performance of 1 (2) for the
detection of Fe** ions was conducted. As shown in Fig. S14,}
the fluorescence intensity of 1 (2) slightly reduced after
washing with water and ethanol.

Mechanism for the detection of Fe**

The mechanism for the luminescence quenching of different
metal ions generally includes ionic exchange, collapse or
change of structure, competitive absorption, and
coordination interactions between Fe*' and ligands.”*** The
cationic exchange and the structure decomposition were
excluded because of the good agreement of the PXRD
patterns of 1 (2) and the Fe’'-incorporated 1 (2) (Fig. S4t).
Fig. S157 displays the UV-visible spectrum of the metal salts
overlapped with the fluorescence spectrum of 1 and 2. The
strong absorption band of Fe®' certainly exhibited a
maximum overlap with both the excitation and emission
spectra of 1 (2) compared with that of other metal ions,
which indicated that competitive absorption did exist
between Fe** and 1 (2). Meanwhile, the competitive
absorption mainly existed between the UV spectra of metal
ions and the excited spectra of 1 (2). The overlap between the
UV spectra of metal ions and the excited spectra of 1 is a
little larger.

In order to explore the effects of the recognition sites
on the fluorescence detection of Fe**, the XPS analysis of 1
(2) before and after the absorption of Fe*" ions was
performed. As illustrated in Fig. S16,f two new peaks of Fe
2p1» and Fe 2p;, were detected in both 1 and 2 after the
detection of Fe®', suggesting that Fe’* has been adsorbed
onto the two compounds, respectively. The XPS spectra of

6130 | CrystEngComm, 2024, 26, 6126-6133

N 1s, O 1s and S 2p before and after the detection of Fe*"
were further analyzed. As shown in Fig. 7a, the N 1s
spectrum of 1 could be dissected into three peaks at
binding energies of 399.95, 399.24 and 398.80 eV, attributed
to the nitrogen atom in the pyridine group, amine group
and dimethylamino group, respectively. After Fe®"
adsorption, the former two peaks shifted to 400.16 and
399.73 eV, respectively, which could be assigned to the
chelation between the nitrogen atoms and Fe®*" jons.**>*?
However, for the dimethylamino group, there was almost
no change after the addition of Fe®*. According to the
crystal structure of 1, the (dimethylamino)thioxomethoxy
groups protruding into the adjacent grids enlarged the
steric hindrance, which might impede their coordination
interactions with Fe®* jons. For 2, its N 1s spectrum
displays two peaks at 399.54 and 398.88 eV, corresponding
to the nitrogen atom in the pyridine group and
dimethylamino group, respectively. After the addition of
Fe**, the peaks shifted to 399.84 and 399.46 eV, respectively
(Fig. 7b). The peak-peak displacement values of N 1s in 2
were larger than that of 1 (Table S57). The peaks of O 1s at
533.13 and 530.95 eV indicated the presence of carboxyl

N 1s for 1+Fe*| (D) 399,84 N 1s for 2+Fe™

A

398.86

399.54 N 1s for 2

N 1s for 1

Intensity (a.u.)
@
]
&
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398.80

398 402 401 400 399 398 397

400 399
Binding energy (eV) Binding energy (eV)

(c) 531.24e—7~ O 1s for 1+Fe” (d) 5317w 0 1s for 2+Fe”
\
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' \
3 \ = S
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< ———%L_ s N
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2 530.95+— O1sfor1 i 5070~ Ofsfor2
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£ £ \
53313 \\ = 532.90 \
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and alkyl oxygen in 1, respectively. After the addition of
Fe’’, the O 1s peak for the carboxylic group shifted to
533.27 eV and the alkyl oxygen shifted to 531.24 eV,
demonstrating that the oxygen atoms bound with Fe®"
(Fig. 7¢).**> Accordingly, the O 1s spectra of 2 exhibited
two peaks at 532.9 and 530.7 eV before Fe’* addition, and
the corresponding peaks shifted to 533.22 and 531.17 eV
after Fe’* addition (Fig. 7d). The S 2p peak in 1 shifted
from 161.69 to 161.76 eV before and after the addition of
Fe**, and the peak in 2 changed from 161.61 to 162.02 eV.
Moreover, the peak-peak displacement values of O 1s (S
2p) in 2 were larger than that of 1 (Table S5%). The above-
mentioned results could be explained by the change in
electron density and the effect of steric hindrance around
the groups. On the one hand, the easily transferred
electrons from the conductive band of 1 (2) to the 3d
orbitals  of  halffilled Fe®* caused fluorescence
quenching.***® The binding of Fe’* and the groups
incorporating nitrogen (oxygen or sulfur) atoms prompted
electron transfer, leading to the loss of electron density at
the functional groups, which, in turn, increased the
binding energy.*” On the other hand, the enlarged steric
hindrance in 2 blocked the coordination interactions
between Fe’" and the functional groups containing N, O
and S, which resulted in smaller peak-peak displacement
values.

From the FTIR spectra (Fig. S181), a new peak at 474 cm™*
emerged in 1 incorporating Fe*. An obvious difference was
also observed between 2 and 2 incorporating Fe*" below 625
em . The distinction in the low wavenumber region could be
attributed to the interactions between Fe** and the functional
groups of the compounds, which were in accordance with the
results of XPS.

Conclusion

In summary, to explore the effects of the recognition sites of
MOFs on fluorescence detection, two luminescent Cd(u)
coordination polymers based on 5-[(dimethylamino)
thioxomethoxy]-1,3-benzenedicarboxylic acid have been
developed for the detection of Fe’'. The detection
performance of both 1 and 2 could be explained by the
synergistic effect of competitive absorption and the
coordination interactions. In addition, the detection
performance of 2 was better than that of 1. This mainly
attributed to the interactions between Fe® and the multiple
N, O and S active sites of the polymers as competitive
absorption of 1 and 2 caused a little difference. The detailed
investigation manifested that the protruding
(dimethylamino)thioxomethoxy groups enlarged the steric
hindrance of 1 and blocked the coordination of the
recognition sites with Fe’" ions. The result revealed the
delicate relationship between the structure and the function
of luminescent MOF materials. Studies on the effects of
multiple functional sites of other MOFs on the detection of
metal ions are now underway in our laboratory.

This journal is © The Royal Society of Chemistry 2024
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