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Four new metal-organic frameworks (MOFs) [Zn(L)(bpdc)]-1.6H,O (1), [Co(L)(bpdc)l-H,O (2),
[Niz(L)2(bptc)2(H20)10l-2H,0 (3) and [Cda(L)(Hbptc),] (4) were achieved by reactions of the corresponding
metal salt with mixed organic ligands of 1,4-di(1H-imidazol-4-yl)benzene (L) and 4,4'-benzophenonedi-
carboxylic acid (Hpbpdc) or biphenyl-2,4',5-tricarboxylic acid (Hsbptc). They exhibit varied structures:
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MOFs 1 and 4 are porous three-dimensional (3D) frameworks, while 2 is an infinite one-dimensional (1D)
chain and 3 is a two-dimensional (2D) network. Remarkably, 1 and 4 can act as potential fluorescent
materials for sensing Fe(i) ions and different ketone molecules with high selectivity and sensitivity. In
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Introduction

Metal-organic frameworks (MOFs), as a new class of in-
organic-organic hybrid materials, have received extensive
attention for their structural diversity, interesting properties as
well as potential application in fields such as gas storage/sep-
aration, luminescence, catalysis and chemical sensing.'™°
Particularly, fluorescence sensing based on luminescent MOFs
has been developed rapidly due to its advantage of short
response time, low cost, high sensitivity and efficiency,'""?
and varied MOF-based fluorescent sensors have been estab-
lished in recent years. Luminescent MOFs have been utilized
to probe small organic molecules and metal ions via fluo-
rescence enhancing or quenching."*™” However, it is still a
challenge to rationally design and synthesize MOFs with defi-
nite structures and desired properties because there are factors
including reaction temperature and solvent, auxiliary ligand
and metal center affecting the framework structure and pro-
perty of the resulting MOFs.
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addition, MOF 1 shows selective adsorption of CO, over N,.

On the other hand, organic ligands are critical in the con-
struction of MOFs. Our previous studies have demonstrated
that organic compounds with 1H-imidazol-4-yl groups are ver-
satile ligands for the construction of MOFs with definite struc-
tures and properties. Such 1H-imidazol-4-yl groups can act as
both anionic and neutral ligands with and without deprotona-
tion of the NH group.'®'® Moreover, carboxylate ligands
provide abundant coordination modes. On the basis of the
advantage of the nitrogen donor and carboxylate ligands, the
strategy using mixed carboxylate and nitrogen donor ligands is
powerful in the construction of MOFs. In this work, four new
MOFs have been successfully synthesized via the utilization of
1,4-di(1H-imidazol-4-yl)benzene (L) and different multi-
carboxylate ligands with transition metal salts. Namely,
[Zn(L)(bpdc)[1.6H0 (1), [Co(L)(bpdc)]H.O  (2), [Nis(L),
(bpte),(H,0)10]-2H,0 (3) and [Cd,(L)(Hbptc),] (4) (Hybpde =
4,4'-benzophenonedicaboxylic acid, H;bptc = biphenyl-2,4',5-
tricarboxylic acid) have been achieved. They were characterized
by X-ray crystallography, thermal and elemental analyses.
Adsorption, photoluminescence and sensing properties of the
complexes were investigated.

Experimental
Materials and methods

All commercially available chemicals and solvents are of
reagent grade and were used as received without further
purification. Ligand L was prepared according to the
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reported procedures.’® FT-IR spectra were recorded in the
range of 4000-400 cm ' on a Bruker Vector 22 FT-IR
spectrometer using KBr pellets. Powder X-ray diffraction
(PXRD) measurements were performed on a Bruker D8
Advance. Elemental analyses (EA) for C, H, and N were
carried out on a PerkinElmer 240C elemental analyzer.
Thermogravimetric analyses (TGA) were taken on a Mettler-
Toledo (TGA/DSC1) thermal analyzer at a heating rate of
10 °C min™' wunder the nitrogen atmosphere.
Photoluminescence spectra were obtained on an Aminco
Bowman Series 2 spectrofluorometer with a xenon arc lamp
as the light source. In the measurements of emission and
excitation spectra, the pass width is 5 nm. Gas sorption
data were collected on a Belsorp-max volumetric gas sorp-
tion instrument.

Synthesis of [Zn(L)(bpdc)]-1.6H,O (1). A mixture of L
(21.0 mg, 0.10 mmol), Zn(NO3),-6H,O (29.8 mg, 0.10 mmol)
and H,bpdc (27.0 mg, 0.10 mmol) in DMF/H,O (1:3) (10 ml)
was sealed in a Teflon-lined stainless steel container and
heated at 120 °C for 3 days. After being cooled to room temp-
erature, colorless crystals of 1 were obtained in 65% yield.
Anal. calcd for C,,H,; ,N,O¢6Zn: C, 56.63; H, 3.73; N, 9.78%.
Found: C, 56.44; H, 3.82; N, 9.66%. IR (KBr pellet, cm™,
Fig. S11f): 3450 (w), 3131(w), 1655(m), 1595(s), 1545(s),
1502(m), 1412(s), 1269(s), 1135(w), 931(w), 847(m), 730(s),
650(m), 533(w).

Synthesis of [Co(L)(bpdc)]-H,O (2). A mixture of L (21.0 mg,
0.10 mmol), Co(NO;),-6H,0 (29.8 mg, 0.10 mmol), H,bpdc
(27.0 mg, 0.10 mmol) and NaOH (8.0 mg, 0.2 mmol) in H,O
(10 ml) was sealed in a Teflon-lined stainless steel container
and heated at 120 °C for 3 days. After being cooled to room
temperature, block crystals of 2 were obtained in 65% yield.
Anal. caled for C,,H,oN,OqCo: C, 58.39; H, 3.63; N, 10.09%.
Found: C, 58.32; H, 3.72; N, 10.02%. IR (KBr pellet, cm™,
Fig. S11t): 3500(w), 3130(m), 1663(m), 1590(s), 1533(s),
1507(m), 1423(s), 1270(m), 1128(w), 855(m), 730(m), 651(m),
527(w).

Synthesis of [Ni;(L),(bptc),(H,0);0]-2H,0 (3). A mixture of L
(21.0 mg, 0.10 mmol), Ni(NO;),-6H,0 (29.1 mg, 0.10 mmol),
H;bpte (19.1 mg, 0.067 mmol) and NaOH (8.0 mg, 0.2 mmol)
in H,O (10 ml) was sealed in a Teflon-lined stainless steel con-
tainer and heated at 120 °C for 3 days. After being cooled to
room temperature, green block crystals of 3 were obtained in
75% yield. Anal. caled for Cs,HsgNgO,4Niz: C, 47.03; H, 4.24;
N, 8.12%. Found: C, 46.93; H, 4.42; N, 8.16%. IR (KBr pellet,
em™!, Fig. S11%): 3602(m), 3257(m), 1557(s), 1394(s), 1373(s),
1139(m), 811(m), 640(w), 525(w).

Synthesis of [Cd,(L)(Hbptc),] (4). Complex 4 was obtained
by the same procedure used for the preparation of 3 except
that the metal salt was replaced by Cd(NO3),-4H,0 (30.8 mg,
0.10 mmol). Colorless crystals of 4 were obtained in 71% yield.
Anal. caled for CyH,6N,0,,Cd,: C, 50.27; H, 2.61; N, 5.58%.
Found: C, 50.13; H, 2.72; N, 5.56%. IR (KBr pellet, cm™,
Fig. $11%): 3450(w), 3167(m), 1669 (s), 1607(s), 1584(s), 1552(s),
1399(s), 1349(s), 1282(m), 1258(m), 1139(m), 948(w), 818(m),
760(m), 708(w), 645(w), 515(w).
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X-ray crystallography

Crystallographic data for 1-4 were collected on a Bruker Smart
Apex II CCD area-detector diffractometer with graphite-mono-
chromated Mo Ka radiation (4 = 0.71073 A). The integration of
the diffraction data as well as the intensity corrections for the
Lorentz and polarization effects was carried out using the
SAINT program.>! Semi-empirical absorption correction was
performed using SADABS program.>” The structures of 1-4
were solved by direct methods using SHELXS-2014 and all the
non-hydrogen atoms were refined anisotropically on F> by the
full-matrix least-squares technique with SHELXL-2014.>>>* The
hydrogen atoms except for those of water molecules were gen-
erated geometrically and refined isotropically using the riding
model. Because the free solvent molecules in 1 are highly dis-
ordered and impossible to refine using conventional discrete-
atom models, the SQUEEZE subroutine of the PLATON soft-
ware suite was used to remove the scattering from the highly
disordered solvent molecules.”>*® The formula of 1 was
obtained based on volume/count_electron analysis, TG and
elemental analyses. The reported refinements are of the guest-
free structures obtained by the SQUEEZE routine, and the
results are attached to the CIF file. The details of the crystal
parameters, data collection and refinements for the complexes
are summarized in Table 1 and selected bond lengths and
angles are listed in Table S1.f The hydrogen bonding data are
provided in Table S2.t

Results and discussion

Crystal structure description

Crystal structure of [Zn(L)(bpdc)]-1.6H,O (1). The results of
structural analysis revealed that 1 crystallizes in the ortho-
rhombic Pnna space group. The asymmetric unit of 1 consists
of one Zn(u), one bpdc®>~ and one L (Fig. 1a). Zn1 is six-co-
ordinated with distorted octahedral coordination geometry by
two nitrogen atoms (N1, N1B) from two different L and four
oxygen ones (01, 02, O1B, 02B) from two different bpdc®.
The Zn-O bond distances are 2.048(3) and 2.444(3) A, while
the Zn-N one is 2.006(3) A. The coordination angles around
Zn(u) is from 57.91(10) to 152.86(12)° (Table S17). Each L links
two Zn(u) atoms to form an infinite one-dimensional (1D)
zigzag chain (Fig. S1%), and each bpdc®>~ connects two Zn(u)
atoms using its two carboxylate groups each with a p;—n'mn'-
chelating mode (Scheme Slaf) to give an infinite 1D zigzag
chain (Fig. S1t). Then, two kinds of 1D chains cross-link
together to give a three dimensional (3D) framework of 1
(Fig. 1b). Due to the presence of large vacancy, it is apt to form
an interpenetrating framework, accordingly, the final structure
of 1 is a 3-fold interpenetrating framework as illustrated in
Fig. 1c. The solvent accessible volume for 1 calculated by
PLATON is 604.0 A® per 2787.4 A® unit cell volume (21.7% of
the crystal volume).

To simplify the 3D structure of 1, topological analysis was
performed. As shown in Fig. 1c, Zn(u), L and bpdc®~ can be
regarded as four-, two-, and two-connectors, respectively.

This journal is © The Royal Society of Chemistry 2017
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Table 1 Crystal data and structure refinements for 1-4

Compound 1 2 3 4
Formula Cy7H,q 2N, Og 6Zn Cy7H,0N,06CO C54Hs5gNgO,,Ni; C,;H;3N,04Cd
Formula weight 572.69 555.40 1379.21 501.73
Crystal system Orthorhombic Monoclinic Triclinic Triclinic
Space group Pnna P24/c P1 P1

a(A) 11.0779(11) 11.4041(9) 7.096(5) 9.2381(7)
b (A) 22.030(2) 21.3552(16) 13.946(5) 10.1167(8)
c(A) 11.4217(10) 10.8848(8) 15.121(5) 11.7020(8)
a(°) 90 90 78.028(5) 82.635(2)
Q! 90 99.7010(10) 79.552(5) 71.861(2)
r(©) 90 90 88.318(5) 63.266(2)
V(A% 2787.4(4) 2612.9(3) 1439.5(12) 928.12(12)
zZ 4 4 1 2

D, (g em™) 1.296 1.412 1.591 1.795
u(mm™) 0.922 0.705 1.063 1.220

F (000) 1112 1140 714 498

Data collected 15068 17672 12793 3982
Unique reflections 3211 6012 6592 2873
Goodness-of-fit 0.920 1.028 1.056 1.064

R, ¢ £1> 20(1)] 0.0655 0.0361 0.0435 0.0474
WR, " [I> 26(I)] 0.1655 0.0932 0.0996 0.1303

TRy = Y| |Fs| = |Fe| /X |Fs|- PWRy = | IW(|Fo|® = |Fe|?) /X [W(Fo)?| "2, where w = 1/[6*(F,2) + (aP)? + bP]. P = (F,> + 2F.%)/3.

Fig. 1 (a) Coordination environment of Zn(i) in 1 with ellipsoids drawn
at 30% probability level. Hydrogen atoms and free solvent molecules are
omitted for clarity. (b) 3D structure of 1. (c) Topology and 3-fold inter-
penetration of 1.

Therefore, the resulting structure of 1 is a 4-connected dmp
net with a Schlifli symbol of (6°-8) topology calculated by
TOPOS program.>”*®

Crystal structure of [Co(L)(bpdc)]-H,O (2). When
Co(NO3),-6H,0 instead of Zn(NOj3),-6H,0 was used in the reac-
tion, 2 was obtained. The results of single crystal X-ray diffrac-
tion analysis indicate that 2 crystallizes in monoclinic space
group P2,/c. As depicted in Fig. 2a, Col has a N,0, donor set
with four carboxylate oxygen atoms (01, 02, O3A, O4A) from
two different bpdc®™ and two imidazole nitrogen ones (N1, N3)
from two distinct L ligands. The Co-N bond distances are
2.0389(15) and 2.0633(15) A, and the Co-O ones are in the
range of 2.0784(14)-2.3513(16) A. The bond angles around
Co(u) are from 58.51(5) to 169.10(5)° (Table S1t). Each L links
two Co(u) atoms to form an infinite zigzag 1D chain (Fig. S27),

This journal is © The Royal Society of Chemistry 2017
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Fig. 2 (a) Coordination environment of Co(i) in 2 with the ellipsoids
drawn at the 30% probability level. Hydrogen atoms and free water
molecules are omitted for clarity. (b) 1D chain structure of 2.

and each bpdc®~ connects two Co(ir) atoms using its two carboxy-
late groups each with a p;—n'm'-chelating mode (Scheme S1at)
to form an infinite linear 1D chain (Fig. S2t). It is clear that
the coordination of metal centers and linkage modes of L and
bpdc®~ ligands are almost the same for 1 and 2; however, two
kinds of 1D chains cross-link together to generate an infinite
1D chain of 2 (Fig. 2b), rather than the 3D framework of 1
(Fig. 1b). The 1D chain of 2 is further joined together through
hydrogen bonding interactions to give the eventual 3D supra-
molecular structure of 2 (Fig. S3 and Table S27).

Crystal structure of [Niz(L),(bptc)y(H,0)10]-2H,0 (3). To
further investigate the effect of the carboxylate ligand on the
structure of the complex, H;bptc, instead of the H,bpdc, was
used in the reaction and 3 with a different structure was suc-
cessfully isolated. Single crystal X-ray diffraction analysis con-

Dalton Trans., 2017, 46, 13943-13951 | 13945


http://dx.doi.org/10.1039/c7dt02981k

Published on 18 September 2017. Downloaded by KING SAUD UNIVERSITY LIBRARIES on 22/10/2017 06:30:07.

Paper

firmed that 3 crystallizes in the triclinic crystal system and
space group P1. The asymmetric unit of 3 is a half molecule of
[Niz(L),(bptc),(H20)10]-2H,0 and includes two Ni(u) atoms,
one of which is sitting on an inversion center. As exhibited in
Fig. 3a, Nil atom is six-coordinated with octahedral coordi-
nation geometry and surrounded by two nitrogen atoms (N3,
N3C) from two different L, two carboxylate oxygen ones (O3,
03C) from two bptc®~ and two coordinated water molecules
(010, 010C). The Ni-N bond length is 2.044(2) A and that of
the Ni1-O ones are 2.0644(17) A and 2.122(2) A. In addition,
the coordination angles around Nil span from 87.97(8) to
180.0° (Table S1t). While Ni2 is surrounded by one carboxylate
oxygen atom (O1) from bptc®”, one imidazole nitrogen (N1)
from L and four coordinated water molecules (07, 08, 09,
012). The Ni2-N bond length is 2.045(2) A, while the Ni2-O
ones are in the range of 2.032(2)-2.114(2) A. The coordination
angles around Ni2 are from 85.24(9) to 178.05(8)° (Table S27).
L ligands link Ni(u) atoms to form an infinite 1D chain
(Fig. S47), and bptc®~ adopts a p,-bridging mode to connect
two Ni(un) atoms using its two carboxylate groups with the
(=n"n°)-(41—n"n°)-bptc coordination mode (Scheme S1bt).
The Ni(n)-L 1D chains are further connected by bptc®~ ligands
to generate a 2D network structure of 3 (Fig. 3b), which is
further extended into a 3D supramolecular architecture
through O-H---O hydrogen bonds (Fig. S5 and Table S27).
Crystal structure of [Cd,(L)(Hbptc),] (4). When we brought
in another kind of d'® metal center of Cd(u) and a new
complex 4 was obtained. 4 crystallizes in the triclinic P1 space
group. In the asymmetric unit of 4, there are one Cd(u), half L
and one Hbptc®>~. As shown in Fig. 4a, Cd1 is five-coordinated

Fig. 3 (a) Coordination environment of Ni(i) in 3 with the ellipsoids
drawn at the 30% probability level. Hydrogen atoms and free water
molecules are omitted for clarity. (b) 2D structure of 3.

13946 | Dalton Trans., 2017, 46, 13943-13951
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Fig. 4 (a) Coordination environment of Cd(i1) in 4 with the ellipsoids
drawn at the 30% probability level. Hydrogen atoms are omitted for
clarity. (b) 3D framework of 4. (c) Topology of 4.

by one nitrogen (N1) from one L and four carboxylate oxygen
atoms (01, O3A, 04B, 06C) form four different Hbptc®~
ligands. It is noteworthy that three carboxylate groups of
Hbptc®>~ in 4 exhibit two kinds of coordination modes which
are different from those in 3, each Hbptc®>~ ligand in 4 con-
nects four metal atoms using its three carboxylate groups with
the (p—n"M%)-(—n"n°)-(ny—n":n")-bptc coordination mode
(Scheme Sict). The Hbptc>™ ligands connect Cd(i) atoms to
form a 2D network (Fig. S6T). Then the adjacent layers are
further connected by L ligands, thereby resulting in the final
3D framework of 4 (Fig. 4b).

Topological analysis was carried out to get insights into the
structure of 4, each 2-connected bridging L ligand can be
regarded as a linear linker. Each Cd(u) atom can be regarded
as a 5-connected node since it links one L and four Hbptc®~
ligands. Each Hbptc®>~ ligand connects four Cd(n) atoms and

This journal is © The Royal Society of Chemistry 2017


http://dx.doi.org/10.1039/c7dt02981k

Published on 18 September 2017. Downloaded by KING SAUD UNIVERSITY LIBRARIES on 22/10/2017 06:30:07.

Dalton Transactions

can be treated as a 4-connector. Therefore, the resulting struc-
ture of 4 can be simplified as a (4, 5)-connected binodal 3D
net, as shown in Fig. 4c. The point (Schlifli) symbol for the
net is {4%.6°}{4%.6°.8} calculated by TOPOS program.

Comparison of the structures 1-4

The results of crystallographic analyses revealed that MOFs 1-4
show varied structures from the 1D chain (2), 2D network (3)
to 3D frameworks (1 and 4). The different structures of 1 and 2
as well as 3 and 4 are attributed to the different metal centers.
In addition, the carboxylate ligands exhibit varied coordi-
nation modes, in particular, bptc®” in 3 binds two metal
atoms while the Hbptc>™ in 4 connects four metal centers. The
results herein further confirm that the metal center and varied
coordination modes of the carboxylate ligand exert subtle but
crucial influence on the structural diversity of the frameworks.

Thermogravimetric analysis (TGA) and powder X-ray
diffraction (PXRD)

Thermogravimetric analyses (TGA) were performed to check
the thermal stability of the frameworks, and the results are
shown in Fig. S7.1 For 1, a weight loss of 5.51% was observed
in the temperature range of 30-100 °C, which corresponds to
the loss of water molecules (caled 5.03%) and a further weight
loss was observed at about 240 °C, corresponding to the col-
lapse of the framework. In the case of 2, a weight loss was
found before 180 °C due to the release of water molecules with
a weight loss of 3.11% (calcd 3.24%), and the residue is stable
up to 380 °C. The TG curve of 3 shows a weight loss of 16.05%
from 30 to 160 °C, corresponding to the loss of free water
molecules (caled 15.66%), and the residue is stable up to
about 360 °C. 4 did not show obvious weight losses before the
decomposition of the framework at about 380 °C, which is in
agreement with the result of the crystal structure. The phase
purity of bulk products was confirmed by PXRD measure-
ments, and each PXRD pattern of the as-synthesized sample is
consistent with the simulated one (Fig. S81), implying the pure
phases of 1-4.

Adsorption properties of 1

The structural analysis revealed that there are voids occupied
by solvent molecules in 1. To evaluate the porosity of 1, adsorp-
tion isotherms of N, at 77 K and CO, at 195 K were measured.
The activated sample was prepared by heating the as-
synthesized 1 under vacuum at 100 °C for 10 h, and it was
found that the free guest molecules in 1 were removed (Fig. S9t)
without destroying the framework (Fig. S8af). As shown in
Fig. 5, the sorption curve of N, at 77 K for 1 suggests only
surface adsorption; however, 1 exhibits typical type-I gas
uptake isotherms with a CO, adsorption ability of 44.39 cm® g™,
corresponding to 1.08 CO, molecules per formula unit at
195 K and 1 atm. The results indicate that 1 might be promis-
ing materials for selective adsorptive separation of CO, from
industrial flue gas or the removal of CO, from natural gas.

This journal is © The Royal Society of Chemistry 2017
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Fig. 5 N, (77 K) and CO; (195 K) adsorption isotherms of 1 (filled shape,
adsorption; open shape, desorption).

Photoluminescence studies

Inorganic-organic hybrid frameworks, especially those with
d' metal centers, have potential for fluorescence owing to
their ability to adjust the emission of the hybrids.*
Accordingly, solid-state luminescence emission spectra of 1
and 4 as well as L under the same experimental conditions
were measured and the results are exhibited in Fig. S10.f
Intense emission was observed at 455 nm for L upon excitation
at 340 nm, and emission bands were observed at 580 nm (Aex =
290 nm) for 1, 600 nm (dex = 300 nm) for 4. Compared with the
free L ligand, the red-shifts of the emissions of 1 and 4 are
considered to be caused by the coordination of the ligand to
the metal centers.

Sensing small organic molecules

To further explore the potential of luminescent 1 and 4 for
sensing small organic molecules, the fluorescence behavior of
1 and 4 immersing in different solvents was investigated. The
results clearly show that the emission intensities of 1 and 4
depend on the solvent (Fig. 6); however, only the presence of
acetone can quench the fluorescence of 1 and 4 efficiently. The
observed fluorescence quenching may be ascribed to the inter-
actions between the framework and acetone molecules, in par-
ticular, probably the “C=0” of acetone and the frameworks of
1 and 4, since such ligand based fluorescence can be
quenched by energy transfer between the organic ligands and
the acetone molecules.** >

The quenching effect of acetone has been further investi-
gated for 1 and 4 dispersed in DMF suspension. As exhibited
in Fig. 7, the luminescence intensity of the suspension signifi-
cantly decreased with the addition of acetone, and almost dis-
appeared when the acetone amount reached 37 pL for 1 and
30 pL for 4. The fluorescence decrease was nearly proportional
to the acetone concentration and the fluorescence intensity vs.
the volume ratio of acetone could be fit by a first-order expo-
nential decay (Fig. 8), implying that the fluorescence quench-
ing of 1 and 4 with acetone is diffusion controlled. To examine
the luminescence quenching degree, the quantified value of
the quenching effect of acetone was obtained using the Stern-
Volmer equation: Io/I = 1 + Kgy[M],** in which [M] is the molar

Dalton Trans., 2017, 46, 1394313951 | 13947
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Fig. 6 (a) Photoluminescence intensities of 1 introduced into varied
pure solvents when excited at 290 nm for 1. (b) Photoluminescence
intensities of 4 introduced into varied pure solvents when excited at
300 nm for 4.

concentration of the analyte, I, and I are the luminescence
intensities of 1 and 4 dispersed in DMF suspension without
and with the addition of acetone, respectively. As shown in
Fig. 9, a good linear Stern-Volmer relationship was observed
for 1 and 4, implying that they are the dynamic quenching
process for the detection of acetone, the Ksy values are calcu-
lated to be 0.4788 for 1 and 0.4918 for 4. By ratio of 36/S (o is
the standard deviation for 10 replicating fluorescence
measurements of blank solutions, and S is the slope of the
calibration curve), the detection limits for 1 and 4 are esti-
mated to be 0.0478 vol% and 0.0465 vol%, respectively. The
results demonstrate that 1 and 4 can selectively sense acetone
molecules and have comparably minimal detection amount of
acetone with the previously reported MOF-based acetone
sensors.>*® Thus, 1 and 4 can be considered as a potential
candidate for selective sensing of acetone molecules.

In order to explore whether the interaction between the
“C=0” of acetone and the frameworks of 1 and 4 causing fluo-
rescence quenching, the fluorescence behavior of 1 and 4
immersing in different ketone molecules was examined. As
shown in Fig. 10, among the chosen ketones, stable suspen-
sions of 1 and 4 in cyclohexanone, 4-heptanone and 5-nona-
none showed the highest quenching. The results suggest that
the fluorescence quenching may be caused by the interaction
between “C=0”" of ketone and the frameworks of 1 and 4.
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Fig. 7 (a) Photoluminescence spectra of the dispersed 1 in DMF in the
presence of varied contents of the acetone (excited at 290 nm). (b)
Photoluminescence spectra of the dispersed 4 in DMF in the presence
of varied contents of the acetone (excited at 300 nm).
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Fig. 8 (a) Photoluminescence intensities of 1 in DMF as a function of
acetone content (excited at 290 nm). (b) Photoluminescence intensities
of 4 in DMF as a function of acetone content (excited at 300 nm).
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Fig. 10 (a) Photoluminescence intensities of 1 introduced into varied
ketone molecules when excited at 290 nm for 1. (b) Photoluminescence
intensities of 4 introduced into varied ketone molecules when excited at
300 nm for 4.
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Thus, 1 and 4 can be considered as a potential candidate for
selective sensing of ketone molecules.

Luminescence sensing of Fe(u) ions

The selective recognition ability of 1 and 4 toward metal ions
was also investigated. The as-synthesized sample of 1 or 4
(2 mg) was ground and dispersed into DMF solutions contain-
ing different M(NO,), with a concentration of [M] = 107°
mol L™ (M = X', Li*, Na*, Ni**, Co**, Pb*", zn**, Cu**, Cd*",
Mg>*, AI**, Cr**and Fe®"). Obviously, as shown in Fig. 11, the
fluorescence responses of 1 and 4 are strongly dependent on
the metal ions. Among them, Fe(m) ions afford the most
significant fluorescence quenching effect. And almost no
intensity change was observed in the case of other metal ions,
suggesting that 1 and 4 have high selectivity for the detection
of Fe(u) ions.

For the purpose of understanding the response of the fluo-
rescence of 1 and 4 to the Fe(u) ion, the luminescence titration
upon the addition of a solution of Fe(NO;); dissolved in DMF
to 1 and 4 was further performed. Interestingly, the lumine-
scence intensity of Fe(m)-incorporated 1 and 4 is dependent on
the concentration of the Fe(in) ion. As shown in Fig. 12, nearly
100% of emission intensity was decreased monotonically and
drastically when the Fe(m) ion concentration increased from
0 pL to 680 pL for 1 and 0 pL to 700 pL for 4. To explore the
luminescence quenching degree, the quenching coefficient
was also calculated by using the Stern-Volmer equation: I,/I =
1 + Ksy[M] as mentioned above for acetone sensing. As shown
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Fig. 11 (a) Photoluminescence intensities of 1 introduced into different
metal ions dissolved in DMF when excited at 290 nm for 1. (b)
Photoluminescence intensities of 4 introduced into different metal ions
dissolved in DMF when excited at 300 nm for 4.
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in Fig. 13, a good linear Stern-Volmer relationship is
observed in 1 and 4 for Fe(m) ion sensing, suggesting that
they are the dynamic quenching process for detecting Fe(ur)
ions. The Kgy values of 1 and 4 for sensing Fe(ur) ions are 1.73
x 10* M~ 'and 1.94 x 10* M, respectively. Based on the Kgy
values and the standard error (6) for three repeated fluo-
rescence measurements of blank solutions, the detection
limits are estimated to be 152 ppb for 1 and 126 ppb for 4.
Comparing with reported MOFs, the Ksy values of 1 and 4 are
relatively good under the same conditions.?” *' Thus, 1 and 4
can be considered as potential candidates for selective
sensing of the Fe(m) ion. Such fluorescence quenching is con-
sidered to be caused by the wide absorption between 250 and
500 nm of Fe(ur), which is wider and stronger than other
tested metal ions. The wide absorption of Fe(ur) may hinder
the absorption of 1 and 4 upon excitation, and lead to the
decrease or quenching of the fluorescence.”>*® As for the
ketone molecule sensing, in addition to the energy transfer
between the ligands and the ketone molecules as mentioned
above, the competitive absorption of ketone molecules with
organic ligands may also contribute to the fluorescence
quenching since the tested ketone molecules have absorption
in the range of 250-350 nm.**

Conclusions

In conclusion, in this work four new MOFs [Zn(L)
(bpdc)}1.6H,0 (1), [Co(L)(bpde]lH,0 (2), [Nis(L)s(bpte),
(H,0)10)-2H,0 (3) and [Cd,(L)(Hbptc),] (4) were successfully
synthesized by using mixed organic ligands. The high quench-
ing efficiency and excellent selectivity of 1 and 4 for both
ketone molecules and Fe(m) ions make them potential func-
tional materials for the detection of ketone molecules and
metal ions. In addition, compound 1 exhibits selective adsorp-
tion of CO, over N,.
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