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Abstract: Excess and deficiency of iron(lll) andibiotics from normal permissible
limits will induce serious disorders, so their aeiien is important but challenging. In
this work, the asymmetric amino-functionalized detarboxylate kLl
(2’-amino-1,1":4’,1"-terphenyl-3,3",5,5"-tetraceboxylic acid) containing large
conjugated ter-phenyl aromatic backbones have y@thesized and employed.
Through a one-pot powerful solvo-thermal syntheticategy, a series of unique
tri-nuclear cluster-based &a Mg" and Cd coordination polymers, namely
[Caus(Me-HL)(DMF)]n (1), {IMg1.5(p7-HL)- (H20)]- 3HO}n @ and
{[Cd15(H10-L)0.79n- HO-DMF}, (3) have been successfully prepardd3 exhibit

excellent photo-luminescent properties and goodrélscence stability. Structural



analyses reveal that tri-nuclear'"Gsecondary building blocks (SBUS) are linked via
HL?*, forming the 2D clustered-based micro-porous cioatibn polymerl. As for2,
three carboxylate groups of partly de-pronated®Hilso link these neighboring
tri-nuclear Mg SBUS, which constructs the 2D Mgoordination framewor2. As
for 3, fully de-pronated f also links these neighboring tri-nuclear'@BUS, which
ultimately constructs the 3D micro-porous coordmatframework3. Experimental
powder x-ray diffraction (PXRD) patterns coincideliwith the theoretical patterns,
which indicate that we have successfully synthekittee pure phase materiii3.
Photo-luminescent experiments demonstrate thatdewion polymersl-3 can be
successfully applied towards bi-functional sendimgsensitive detection of Eeand
the antibiotics NZF (Nitrofurazone). To the bestaofr knowledge, this is the first
example of the application of amino-functionalizeephenyl tetra-carboxylate based
MOFs towards bi-functional discrimination of ¥e@nd NZF antibiotics with high
efficiency Ky values (For F&: 7.28x10°M™ for 1; 3.38xX10*M™ for 2 and 3.2%
10* M* for 3 and for NZF antibiotics: 4.4%10° M for 1; 4X10*°M™ for 2 and 5.6
X 10° M for 3).

Keywords: Amino-functionalized; Tetra-Carboxylate; Clusteas®d; Sensing; Ee
Antibiotics

Introduction

With the development of modern industry, iron haserb widely utilized;
furthermore F& ions are considered to widely exist in the biotegjisystem, playing
the crucial roles in many biochemical and physiaal processes, such as DNA
replication, cellular life cycles, hemoglobin fortiwa, electron transfer and et al.
[1-2]. When the amount of Beexceeds the normal concentrations, or if the amount
of Fe"* drops in the biological systems, the result care gise to serious diseases
such as methemoglobinemia, anemia and Alzheimetigsh also can interfere with
metabolism and cellular homeostasis [3-6]. Thughlyi sensitive discrimination of

Fe* ions in aqueous environments is interesting andial for protecting human



health.

Since Alexander Fleming discovered penicillin i2297], antibiotics have been
widely applied in the treatment of bacterial infens. Antibiotics have been
developed into very important kind of medicines.e3& antibiotics medications
widely exist in various fields such as aquacultuaed biological systems, and can be
widely utilized for treating bacterial infectiona humans and animals bodies. The
abuse of these medicines can give rise to an axeessncentration of antibiotics in
diverse water environments such as surface wateuyngwater, wastewaters, and
even drinking water, especially in China [8]. Cuthg the detection methods for
antibiotics are usually limited due to sophisticatievices, high-cost, time consuming,
and complicated procedures. Among these methodsapilary electrophoresis,
surface enhanced Raman spectroscopy, liquid chomgragithy tandem mass
spectrometry and many more. [9-10]. Thus, the agreent of fast, cost-effective
and convenient detection methods for antibiotics aqueous environments is
interesting and urgently needed.

In the recent thirty years, luminescent metal oigamordination frameworks
(MOFs) have been especially interesting [11-12¢aise they can be utilized for the
highly sensitive discrimination of different anatytobjects such as environment
pollutants, biomarker molecules, volatile organienpounds, enzymes, proteins and
more [13-17]. These luminescent MOFs have tunable gize, excellent structural
stability, and large surface areas. These advasitapake these fluorescent
coordination materials have more competitiveneas thther luminescent materials.
More analytical objects can effectively interactttwithe large, tunable, porous
surfaces of these fluorescent MOFs, which can e#hdominescent response,
decrease the detection limit values and improvesémsitivity [18].

For these luminescent MOFs-based sensors, aropwyicarboxylate ligands are
appealing and employed as bridging linkers becafiskeir ideal rigid skeleton and
good chemical stability [19]. Especially the buildi blocks of ter-phenyl
poly-carboxylate, which have aroused great attenti(l) Ter-phenyl aromatic
backbones possess rich conjugatemdtelectrons, which facilitate good
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photo-luminescent properties of these materialk;Irffoduction of electronic-rich
aromatic ligands also has proven to be an efficisitategy to enhance
photo-luminescent sensing properties of these amatidn materials [20]; (3) -Ni
functional group is interesting and has receivegagattention. For example, it is
noted that the -NKfunctional group can be introduced into the camation material
and effectively tune framework properties such as gbsorption/separation and
catalytic properties [21]. However, to date, lunsioent MOFs-based sensors based
on asymmetric amino-functionalized tri-phenyl teteboxylate are not reported
[22].

We are interested in the construction of thesedination polymers possessing
unique functional applications and beautiful aretitires [23]. In this work,
amino-functionalized tri-phenyl tetra-carboxylate 4LH (2’-amino-1,1":4",1"-
terphenyl-3,3”,5,5"-tetracarboxylic acid) contang large conjugated ter-phenyl
moieties have been utilized (Scheme 1 and Schem®a&ed on b, through
one-pot powerful solvo-thermal synthetic strategg, series of unique tri-nuclear
cluster-based Ca Mg' and Cd coordination polymers, namely
[Caus(Me-HL)(DMF)]n (1), {IMg1.5(p7-HL)- (H20)]- 3HO}n @ and
{[Cd15(H10-L)0.79n- H2O- DMF}, (3) have been successfully prepared. PXRD patterns
have been determined, and clearly indicate puregshaf coordination polymefs3.
Photo-luminescence investigations suggested 1hatcan be applied as the first
example of bi-functional MOFs-based fluorescentbpmfor trace amounts of ¥e

and antibiotics NZF.

Experiment Section

General remarks: Amino-functionalized tri-phenyl tetra-carboxyldigand HiL can

be prepared according to the previous reportedepies [24], which is also listed in
the supporting material (Fig. S1). Deionized wéi&s been utilized as the solvent. All
the other chemical regents can be commercially fased and utilized without

additional purification. A Perkin-Elmer 240 elemantanalyzer is utilized for



elemental microanalyses of C, H and N. A Rigaku BX\N2500 X-ray diffractometer
apparatus equipped with CwKradiation is utilized for Powder X-ray diffraction
characterization of-3. An NETZSCH TG 209 apparatus with a 10 °C thheating
rate is utilized for thermogravimetric analysis. PerkinElmer Lambdzb
spectrophotometer was utilized to recording UV-vigdsorption spectra.
Photo-luminescent lifetime and quantum vyield wererfgrmed using a FS5
Fluorescence Spectrometer (Edinburgh). A Cary Eelip Fluorescence
spectrophotometer (Agilent Technologies) is utdifer photo-luminescence sensing
experiments, and is equipped with a plotter unit amuartz cell (1 cm x 1 cm) in the

phosphorescence mode.

Preparation of [Ca; s(us-HL)(DMF)] , (1): Ca(NQ),-4H,0 (141.6 mg, 0.6 mmol)
and HL (42.1 mg, 0.1 mmol) were mixed and stirred for 0.8 water (2 mL) and
DMF (6 mL), then HNQ(5 uL, 0.33 M) was added. Then the mixed solutions were
put into a Teflon vessel in a steel autoclave. T@mperature of steel autoclave is
programmatic controlled to be heated to°@0for 0.5 hour and kept at 9C for 72

h, then cooled down to ambient temperature dutegperiod of 48 h. The obtained
colorless block-shaped crystals were cleansed alewgies by water and diethyl ether.
Yield: 36 % based on . Elemental analysis calculations (%) foss8:0Ca sN2Og:

C 54.44, H 3.47, N 5.07; found: C 54.89, H 3.76.87. FT-IR data (cif): 3347(bm),
1715(m), 1611(w), 1648(w), 1569(w), 1385(s), 1226(&137(w), 1106(m), 779(s),
732(s), 678(s).

Preparation of {{[Mg1.s(u-HL)- (H20),]-3H.0}, (2): MgCl,-6HO (61.0 mg, 0.3
mmol) and HL (42.1 mg, 0.1 mmol) were mixed and stirred fd¥ B.in water (2 mL)
and DMF (6 mL), then HN&X(5 uL, 0.33 M) was added. Then the mixed solutions
were put into a Teflon vessel in a steel autoclalbe temperature of steel
autoclave is programmatic controlled to be heate®°C for 0.5 hour and kept at
90 °C for 96 h, then cooled down to ambient temperatiuméng the period of 48 h.
The obtained colorless block-shaped crystals whkransed several times by water
and diethyl ether. Yield: 49 % based op_HElemental analysis calculations (%) for
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CooH2oMg1 sNOs3: C 48.50, H 4.07, N 2.57; found: C 49.11, H 3.K12.89. FT-IR
data (crit): 3314(bs), 1715(w), 1630(s), 1540(s), 1480(sh11@), 1104(w), 795(m),
740(m), 725(m), 663(w).

Preparation of {[Cd1s(U10-L)0.79n- H2O-DMF}, (3): CdCh-2.5H0O (68.5 mg, 0.3
mmol) and HL (42.1 mg, 0.1 mmol) were mixed and stirred fd& B.in water (2 mL)
and DMF (6 mL), then HNgX(5 uL, 0.33 M) was added. Then the mixed solutions
were put into a Teflon vessel in a steel autoclaVkee temperature of steel
autoclave is programmatic controlled to be heate®°C for 0.5 hour and kept at
90 °C for 72 h, then cooled to ambient temperaturenduthe period of 48 h. The
obtained colorless block-shaped crystals can benskxl several times by water and
diethyl ether. Yield: 36 % based orylH Elemental analysis calculations (%) for
Ci98H16Cdh sN1 7601 C 40.95, H 2.91, N 4.29; found: C 41.17, H 2.6/ 3.71.
FT-IR data (crit); 3408(br), 1660(m), 1615(m), 1612(m), 1578(s}a#n), 1369(s),
1252(w), 1101(m), 778(s), 751(m), 725 (s).

X-ray Crystallography. Bruker SMART 1000 CCD diffractometer apparatus is
equipped with graphite-monochromatic Cu-Kadiation § = 1.54184 A), which is
utilized to determine single crystal diffractiontensities forl-3. A o-¢ scanning
strategy was utilized adopting Lorentz polarizataomd absorption corrections. Direct
methods are utilized to refine the structures 108. Full-matrix least-squares
techniques utilizing the SHELXL-2014 program aresoalapplied to refine the
structure. Aromatic ring hydrogen atoms were aliedageometrically, isotropic
thermal parameters of these hydrogen atoms arenie® than those hydrogen atoms
attached to carbon atoms. Guest solvent molecuéesighly disordered and cannot
be precisely allocated utilizing X-ray crystalloghg, the SQUEEZE strategy has
been utilized to remove these guest solvent matscuh the void spaces [25].
Additionally, guest solvent molecules can be furtaeralyzed by elemental analysis
and thermal analysis. CCDC-1859883, (CCDC-185989223), CCDC-18706943)
represent the supplementary crystallographic datahis work. These crystal data
can be downloaded free of charge from Cambridgeyst@llographic Data Centre via
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the website _www.ccdc.cam.ac.uk/data_request/cif.yst@lographic data and

refinement details fod-3 are summarized in Table 1. Selected bond lengtlds a

angles ofL-3 are listed in Table S1.

Results and Discussion

Structural descriptions of coordination polymers 13 Crystal X-ray diffraction
characterization results reveal that the fundanestraictural unit of complext
contains a 1.5 Cacenter (Ca2 and 0.5 Cal), one partially de-prahkte® and one
coordinated DMF molecule (Fig. 1). Cal is six-caoatied by six O atoms (O1A,
01B, O3A, 03B, 0O5B, O5A) from Ht, while Ca2 is six-coordinated by five oxygen
atom (O1A, O2A, O3A, O4A, 06 and 09) from Hktarboxylate groups and one
oxygen atom (O9) from the terminally coordinated BMCal, Ca2 and Ca2A are
inter-linked through oxygen atoms of carboxylateugs generating tri-nuclear £,
clusters as secondary cluster-based building bIE&S).

lts three carboxylate groups of each®Hligand also link three neighboring
tri-nuclear Cg0, SBUS adopting the bridging multi-dentate coordoratmode,
which ultimately forms the 2D clustered-based migooous coordination material
(Fig. 2). Neighboring tri-nuclear Ealuster separations are 9.962(1) A and 14.843(1)
A (For 1), which also can be observed through the crysgjgdichic a-axis. A
one-dimensional channel with dimensionality of 8@ A X 6.568(6) A can be
observed in the packing architecture lof/iewed along the crystallographé axis
(Fig. S2). The porous percentage in MOMere calculated by Platon program, the
calculated results were 1131.8 @8 19.0 % free solvent molecules can be accessible
to the void inl (5957.3&). On the other hand, coordinated oxygen atoms frbri,
DMF carbon and DMF oxygen atoms were involved iGtd1---O hydrogen bonds
(C(23)-H(23)---O(3), 3.148(1) A; C(25)-H(25A)-O(D,785(8) A). Such hydrogen
bonding interactions also play an important roletabilizing the whole coordination
network of1.

As for the coordination materiaR, structural analysis reveals that the



fundamental structural unit contains a 1.5"Mgenter (Mgl and 0.5 Mg2), one
partially de-pronated HL and two coordinated water molecules (Fig. 3). Mgl
six-coordinated by four oxygen atoms (O1, O5A, O&¥A) from HL* and two
oxygen atoms (09, 0O10) from two coordinatedOHmolecules. While Mg2 is
six-coordinated by six carboxylate oxygen atoms,(O2A, O5A, O5B, O8A and
08B) from HL*. Mgl, Mg2 and MglA are linked via carboxylate ogggatoms
forming tri-nuclear MgO, clusters as secondary cluster-based building block
(SBUS).

lts three carboxylate groups of each ®Hligand also link three neighboring
tri-nuclear Md SBUS adopting a multi-dentate bridging mode, whidtimately
forms the 2D clustered-based micro-porous coordinaimaterial 2 (Fig. 4).
Neighboring tri-nuclear Mycluster separations are 9.557(1) A and 14.80((jdk 2)
can be observed through the crystallograghaxis. One-dimensional micro-porous
channels can be observed in the packing archieectir2 viewed along the
crystallographica axis. The porous percentage in MQFRwere calculated by the
Platon program, the calculated results were 2582.8a 39.9 % solvent accessible
void in 2 (6392.9 &). On the other hand, coordinated oxygen atoms frin,
coordinated water oxygen atoms were involved intbl-N-O and O-H---O hydrogen
bonds (N(1)-H(1B)---O(1), 3.052(5) A; O(9)-H(OB)AY( 2.662(7) A;
0O(10)-H(10A)-O(4), 2.715(9) A). Such hydrogen barglinteractions also play an
important role in stabilizing the 2D micro-poroustwork of2.

As for coordination materia8, structural analysis reveals that the fundamental
structural unit contains 1.5 &aenter (Cd1 and 0.5 Cd2) and 0.75 full de-pronated
L* (Fig. 5). Cd1 is seven-coordinated by seven oxyagems (01, O3A, O4A, O5B,
O5C, 06B, 06C) from t carboxylate groups, while Cd2 is six-coordinatgdsix
oxygen atoms (02, O2A, O5B, O5C, O5D, O5E) fronboaylate groups of £. Cd1,
Cd2 and Cd1A are linked via carboxylate oxygen atdanming tri-nuclear MgD,
clusters as secondary cluster-based building bIBE&S).

Four carboxylate groups of each klso link these neighboring tri-nuclear'Cd
SBUS adopting multi-dentate coordination mode, Whidtimately forms the 3D
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clustered-based micro-porous coordination mateBal(Fig. S3). Neighboring
tri-nuclear Cd cluster separations are 9.889(1) A, 10.464(1) & B 90(1) A (FoB)
can be observed, respectively. One-dimensional aiporous channels with
dimensionality of 6.718(8) AX 6.648(6) A can be observed in the packing
architecture of3 viewed along the crystallographiicaxis. The porous percentage in
MOF 3 were calculated by Platon program, the calculagstilts were 997.9 Aca
35.8 %solvent accessible void3n2785.1 X).

PXRD, FT-IR, Thermal stabilities and Photo-luminesent properties of
coordination polymers 1-3 Powder X-ray diffraction (PXRD) patterns have been
determined for the crystalline materials 3. As shown in Fig. 6, both peaks
position and lines sharpness of experiment PXRIepa are consistent with these
simulated theoretical PXRD patterns based on drysteay data. The result also
unambiguously reveals that these correspondingyratesized samples have the
same structures to that that of X-ray crysltafa [26-27]. The slight dissimilarities in
reflection intensities should be correlated witle ttrystal orientation difference of
powder samples [28]. As for coordination mate@alvaried-temperature powder
X-Ray patterns for the highly-dimensional'Cebordination framework also has been
made. As exhibited in Fig. 7, structurean remain stable up to 180 indicating
the coordination materi@ has good thermal stability.

Thermogravimetric decay analysis (TGA) curves abrdination materialsl-3
also have been determined (Fig. S4). Asliothe weight loss varying from 3C to
250 °C are 12.6 %, which should be correlated with theigit loss for one
coordination DMF. As foP, the weight loss varying from 3CQ to 150°C are 16.3 %
(calcd 16.5 %), which should be correlated with weght loss for two coordination
water and three lattice water molecules. AsJothe weight loss varying from 3C
to 250°C are 15.1 % (calcd 15.9 %), which should be cateel with the weight loss
for one free water and one free DMF [29]. As 168, the weight loss from 25 to
800°C should correspond for the framework collapsenesé coordination polymers.
The remaining residue at 860 should correspond for the metal oxide.
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FT-IR spectra of coordination polymels3 also have been determined, these
representative absorption bands for solvent andilding blocks of HE or L* can
be observed. As fot-3, broad and medium bands centered¢aat3400 crit can be
observed, which can be correlated with the typotaracteristic band of coordinated
and free water or DMF in the coordination netwofke absence of strong peaks
located atca. 1700 cm' demonstrates complete de-protonated carboxyliopgf
L* in 3. For1-3, the symmetric and asymmetric stretching vibratitor carboxylate
groups are located in the ranges of 1369-1480 &)-1662 crit, respectively,
which is consistent with previous literature resu[B0]. All the FT-IR typical
absorption bands and thermogravimetric analyseswalé consistent with single
crystal X-ray result of coordination polymeks3.

It is well known that coordination polymers caneetively tune their emission
wavelengths and strengths through rational incafpmn of different conjugated
aromatic building blocks. Through introduction ofvetse conjugated aromatic
organic linkers and metal centers such as 2p, 8d4dnthe synthetic strategy is
efficient for preparing unique photo-luminescent tenals [31]. Because M
contains large ter-phenyl rigid backbones, it igicgpated to generate excellent
photo-luminescent emissions. Therefore, we are tlgraaterested to determine
photo-luminescent properties oflHand coordination polymeliks 3, respectively.

As exhibited in Fig. S6, at the room temperatufee amino-functionalized
tri-phenyl tetra-carboxylate building block hasosty photo-luminescent emissions in
water solutions, with a maximum located at 398 omffee HL (Aex = 330 Nm).The
strong photo-luminescent band oflHalso facilitate that the coordination polymers
1-3 can be applied in the photo-luminescent detectidtor HL, the
photo-luminescent emissions can be correlated withnjugated ter-phenyl
chromospheres, therefore the corresponding bandbealefined ase-1t* transition
emission. When the crystalline materialsle8 were ground into powder samples and
suspended into the water solutions, the 2D and &Balhorganic materiald-3 also
exhibit the strong luminescent emission peaks (mari peak location: fot: 403
nm; for2: 402 nm; for3: 400 nm upon excitation at 300 nm). In comparigaah that
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of free HL, these emissions df-3 can be ascribed to intra-ligand photo-luminescent
emissions because similar photo-luminescent bands be found for the
amino-functionalized tri-phenyl tetra-carboxylateLHn the aqueous solutions [32].
On the other hand, a shoulder emissiod af 450 nm also can be observed, which is
red-shifted than that of free,H and may be ascribed to ligand to metal charge
transfer (MCLT). As illustrated in the previous i@w literature [33], charge-transfer
luminescence are often observed in MOFs, LMCT/MLIDMinescence can also
compete with ligand-based luminescence, which eaaltin both LMCT/MLCT and
ligand-based emission bands. Further the completimiween LMCT and
ligand-based emission bands may make that the sityeof ligand-based band
centered at 400 nm is slightly weaker than thdtes HiL.

Photo-luminescent quantum and the lifetime of €wubfised coordination
compoundsl-3 also have been determined. The quantum vyield 2312 for1,
10.89 % for2 and 8.94 % for3, which is good and can be correlated with large
ter-phenyl conjugated aromatic systems. The resatt be compared with the
previously reported coordination polymers [34]. @me other, the lifetime of
luster-based coordination compounds also has betenngined indicating 5.35 ns for
1, 4.75 ns for2 and 3.16 ns foB (Fig. S12 and Table S3). Such result also can be

compared with recently reported zinc(ll) coordinatprobes (3.71 ns) [35].

Photo-luminescent sensing for F& by Cluster-Based C4, Mg" and Cd'
Coordination Polymers 1-3.Inorganic-organic hybrid coordination materials @dav
aroused great attention because of their tunablerdscent emissions and broad
application prospects as photo-luminescent maserlBécause these materials can
deliberately change their emission strengths andelgagths, the synthesis of
coordination materials can be tuned through judisiyp selecting diverse organic
building blocks and central metal ions/clustersialvhs quite important for obtaining
these new photo-luminescent coordination materials.

In this work, the fluorescent properties oflHand materiald -3 based on kL in
water solutions have been investigated. Furtherméine aqueous stability of
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coordination polymersl-3 was also characterized. The solid-state samples of
coordination material4-3 were suspended into the aqueous solutions for 1Belm,
filtered, the resulting solid state samples weenttried by the vacuum oven. These
obtained solid state samples were analyzed by PE&i2rns. The PXRD patterns of
1-3 after suspending in the aqueous solutions for dixdhstill are consistent with
theoretical PXRD patterns based on single-crystehydata. The result reveals that
structures of coordination polymeis3 remain unchanged in the aqueous solutions.
On the other hand, the photo-luminescent peaksaknest unchanged, indicating
coordination polymer4-3 have good fluorescent stability for at least 12lhe good
photo-luminescent stability may be ascribed to gamidvent dispersibility and
stability of coordination materialsl-3 in the aqueous solutions. Therefore,
coordination materialsl-3 may be considered as good candidates as fluotescen
probes in aqueous solutions.

The solid-state samples of coordination polymei3 were then tested for the
sensing of diverse metal ions. In order to inveségdiverse photo-luminescent
responses to metal ions, the crystalline matepnéld-3 were ground into powder
samples, these samples are suspended into the walations of the same
concentrationg0 uM) containing diverse metal chloride salt (N&&*, SF*, NH,",

K*, Mg*, zr?*, Ccd*, Mn**, Ni?*, Cc*, Ag’, F&*, CU#*, F€") in neutral conditions.
As shown in Fig. 8 and Fig. 9(a), Fexhibits a significant fluorescent quenching
effect, while other metal ions only have a sligieet. Because Al can also partially
guench the signal, therefore thg kalue is also compared ih (Fig. S11 (a)) the
KsfFe(lID]/K ofAI(lI)] comparison value is 6.69such value can be compared with
the comparison value in the recently reported Qafiganic frameworks with
chelating NH sites for selective detection of Fe(lll) [36]. ther we also compare the
emission spectra intensity bfdispersed in water suspensions upon addition @fiFe
ions (3QM), simultaneous addition of Fe(lll) ions (@) and some other metal
cations (150uM) (Fig. S11(b)), which also indicate selective sag for Fe(lll).
PXRD patterns foll-Fe*, 2-F€** or 3-Fe** were also characterized and are consistent
with theoretical PXRD patterns based on crystalucstires, revealing that
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coordination structures of micro-porous materied8 remain unchanged. The result
demonstrates coordination polymdr8 havehighly selective discrimination of Ee
in agueous solutions. Thuspordination polymer4-3 should be utilized as the ideal
coordination probe materials for selective photmihescent detection of Edons.

In order © investigate photo-luminescent detection limitlofas a fluorescent
probe for F&*, as shown in Fig. 9(b), a series of suspensiodskef* (3 uM to 286.2
uM) in water solutions have been synthesized by rapldiiverse concentrations of
Fe’*into the water solutions containing the suspensforoordination material. It is
noted that when the concentrations of*Fgradually increase, the photo-luminescent
intensity ofl gradually decreases. As shown in Fig. 9(c), phatanescent intensity
has a liner correlation with concentration when toacentrations of B& changes
from 3 uM to 286.2uM. The photo-luminescent detection limit bffor F€* can be
calculated using the below equation: detectiontlimi3s/k (where k is the slope
between the fluorescent intensity vs. lod R lower concentratiors is the standard
deviation of blank determination) [37]. To charaizte the correlation between ¥e
concentration and quenching results, the linegulit of photo-luminescent intensity
vs. Fé" concentration was also made (Fig. 9(d)), which banfitted through the
equation ¢/l = 1 + Ko[F€*"] (Io and | are the photo-luminescent intensitie4 before
and after adding B& respectively; K, is the photo-luminescent quenching rate
constant; and [P is the concentration of B§. The K, value is calculated to be
7.28x1@ L-mor* and low detection limit (5.91 x TOM (S/N = 3)) demonstrating
high photo-luminescent quenching efficiency for’’Feased on the emissions of
coordination material. Additionally, as listed in Fig. 10 and Table 82, values are
calculated to be 3.38 x 40.-mol™* for 2 and 3.29 x 1DL-mol™* for 3, which also
indicate high quenching efficiency of ¥eahrough the photo-luminescent emissions
of coordination material2-3 (Fig. S9).

To understand the photo-luminescent sensing mesimaoif the fluorescence
quenching effect of coordination materidl8 toward F&, further experiments were
carried out. As for coordination materidls3, the investigations were listed as follows:
(1) PXRD patterns of samples after photo-luminescpr@nching is also compared
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and almost identical with that of the as-synthesipewder samples, which indicate
coordination materialg-3 are still stable in the detection process (Fig., $8) The
lifetime of fluorescence is an important parameaterjudging the mechanism of
fluorescence quenching, which can often reflectthérethe quenching effect is based
on a static or a dynamic mechanism [38]. As shawRig. S12 and Table S3, when
Fe’* is added, the luminescence lifetimesle8 gradually decrease, indicating the
existence of dynamic quenching mechanism. As desdrin the recently reported
lanthanide chemosensor [La(TPT)(DMSPH.O (HsTPT =  p-terphenyl-3,4”,5-
tricarboxylic acid) [39], such dynamic quenchingam&nism can be governed by the
diffusive collisions between the electron-defici€iet* and the terphenyl moieties of
H4L; (3) on the other hand, as demonstrated in the Steimer plot ofl (Fig. 9(d)),
there is a non-linear and upward curvature at higlomcentrations of Bé ions,
suggesting the static quenching mechanism (nanm&yfdrmation of ground-state
non-fluorescent complex between®Feand coordination frameworks) also exist.
Cycle performance for detection of ¥ds also explored, however no good cycle
performance can be observed, which also behavexistence of the interactions
between F& and coordination compounds. Generally the;Ngtoup in luminescent
materials can be regarded as an electron-donatogpgand suitable for binding the
electron accepting metal ions, which may be impurta the interaction with Fé&
For example, the luminescent Cd(ll)-organic frameksowith chelating NH sites
also behave highly sensitive and selective detectib Fe(lll) [36]. Overall, the
combination of dynamic and static quenching medmanmay be important for
fluorescence quenching effect towards Fe(lll).

It is also noted that the shoulder peak at aboQtrth increased with increasing
the concentration of B& Because the shoulder band centered at 450 nmisalso
observed in these coordination polysjavhich can be assigned as ligand to metal
transfer (LMCT). Therefore when LMCT and ligand-edsmission bands co-exist
and compete in the coordination polymers, if thgarhid-based emission bands
gradually decrease, the band center at about 450ased on LMCT may gradually
increase
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In comparison with the heavy metal ions*Cith 3, F€'*is not so toxic, therefore
the detection of P& by the non-toxic alkali Caand Md metal coordination
polymers1 and 2 should be more meaningful and advantageous ind#tection
process. As far as we know, work on thes& &ad Md coordination materials as
photo-luminescent probes for discriminating andsiemly detecting F& is still
scarcely reported [40-42]. The experiments demateirthat coordination materials
1-3 represent the scarcely reported example of aminotionalized tri-phenyl
tetra-carboxylate MOFs-based probes for detect&igwith high selectivity and high
sensitivity [43-44].

Chemosensor for antibiotics by Cluster-Based Ca Mg" and Cd' Coordination
Polymers 1-3. Nowadaysantibiotics have been widely utilized for treatibgcterial
infections in humans and animals bodies. Howevesnuthese medicines containing
antibiotics is overused, they can become a classg#nic pollutants in the natural
water environments. Thus, rapid discrimination milziotics in water environments is
of great importance considering that overuse obaniics may be harmful to human
health and environmental protection. Considering tjood photo-luminescence
behaviors and high porosities of coordination makerl-3 it will be interested to
utilize them as potential fluorescent sensors fetecting antibiotics such as
Nitrofurantoin (NFT), Furazolidone (FZD), Nitrofurane (NZF), Ornidazole (ORN),
Ronidazole (RNZ), Dimetridazole (DMZ), Metronidago(MDZ), Sulfamethazine
(SM2), Sulfadiazine (SDZ), Thiamphenicol (THI) ahloramphenicol (CHL). To
explore the ability ofl-3 to detect a trace quantity of antibiotics, phatovinescent
experiment were made by gradually adding antibsofito water suspensions of
coordination polymerd, 2 and 3. During the titration experiments, the samples of
coordination polymerg, 2 or 3 were added into water solutions (2.5 mL), and then
selected antibiotics are subsequently added foritnacaqueous solutions containing
different antibiotics (18@M). The fluorescence quenching percentage in terfres
certain amount of different antibiotics at ambiterhperature is demonstrated in Fig.
11. Obviously, the sensing experiments show higbtggluminescent quenching of
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coordination materiald-3 occurs upon the addition of different antibiotiesid the
order of guenching efficiency is
NZF>NFT>MDZ>DMZ>RNZ>SMZ>CHL>0ORN>FZD>SDZ>THI for 1,
NZF>NFT>MDZ>RNZ>DMZ>SMZ>CHL>0ORN>FZD>SDZ>THI for 2, and
NZF>NFT>MDZ>DMZ> RNZ>SMZ>CHL>FZD>0ORN>SDZ>THI fo8. It is also
noted that coordination polymels 2 and3 have the highest quenching efficiencies
toward NZF (Nitrofurazone).

Furthermore, the fluorescence intensity vs. NZFRbastics plot is also made
according to the Stern-Volmer equation. The SVfot NZF are nearly linear in the
concentration ranges varying from 0 to 2.4 mM. Base the experimental data
exhibited in Fig.12 and Fig. S10 in the ESI, thg & coordination polymerg-3 are
calculated to be 4.47xioa™ (for 1), 4x1G M™ (for 2) and 5.6x1OM™ (for 3). The
detection limits ofl, 2 and3 toward NZF were 9.61 x 1M (for 1), 1.86 x 10'M
(for 2) and 7.67 x 18M (for 3), respectively (Tables S2 in the ESIT). Such Hgh
values and low detection limits are comparable e wvalue for the reported
Zr(IV)-MOFs.

As for the sensing mechanism of NZF, further expernts including PXRD
pattern, fluorescence lifetime and UV-visible alpgion spectra were carried out. The
investigations were listed as followsi) (PXRD patterns of sample$-3 after
photo-luminescent quenching is also compared amdsil identical with that of the
as-synthesized powder samples, which indicate eshlgtsed coordination polymers
1-3 are still stable in the detection process (Fig. $8) The luminescence lifetimes
of 1-3 in the absence or presence of NFs are almostthe §-ig. S12 and Table S3),
indicating that there is no significant interacBometween these coordination
polymers1-3 and the NZF analytes [45-51(3) UV-vis absorption spectra of NFs
exhibit the overlap with the excitation spectrunmie8 between 300 and 450 nrig.
S5), there should exist a competitive absorptiontlfi@r light source energy between
1-3 and NFs (4) On the other hand, we also examine the cyclinfopeance for
detecting NZF antibiotics. As shown in Fig. S7, dan be observed partial
photo-luminescent recovery can be accomplishedugirosimple washing these
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suspended powders by water, which also indicategethshould not strong
coordination interactions between coordination pays1-3 and NZF (5) It is also
noted that the shoulder peak at about 450 nm alsased with increasing the
concentration of antibiotics. A possible reasothet when LMCT and ligand-based
emission bands co-exist and compete in the codidmpolymers, if the ligand-based
emission bands gradually decrease, the band canédrout 450 nm based on LMCT
may gradually increase, which also exhibit the texise of photo-luminescent energy
transfer (PET) mechanism

As a result, the photo-luminescent energy tran@®&T) mechanism enables
NZF to have a high photoluminescence quenchingefiempared with other studied
antibiotics. Similar energy transfer mechanism ¢an observed in the recently
reported sodium(l)—europium(lll)-organic sensor fotrofuran antibiotics detection
[52]. However, as far as we know, this represertie first example for
photo-luminescent probes for NZF antibiotics uiilg amino-functionalized

tri-phenyl tetra-carboxylate based cluster-basextdination polymerd4.-3.

Conclusions and Perspectives

When modern chemical industry is developed in tigh-8peed model, iron and
antibiotics has been widely utilized. Scientistsoayradually realized that Fe**

and antibiotics have the important applicationsthie biochemical processes and
medicinal cure. Thus, the development of new sengiaterials to detect Eeand
antibiotics from the water environment is quite orpnt. In this work
amino-functionalized tri-phenyl tetra-carboxylate 4LH
(2’-amino-1,1":4’,1"-terphenyl-3,3",5,5”- tetraarboxylic acid) have been employed.
A series of unique tri-nuclear cluster-based,®4g" and Cd coordination polymers,
namely {[Ca s(us-HL)- (DMF)}x (1), [Mg1s(H7-HL)- (H20)2]n (2) and [Cd(H1o-L)1.5]n

(3) have been isolated under the powerful solvo-tlaémrethods. Structural analyses
reveal thatl contains tri-nuclear Casecondary building blocks (SBUS), which are

further linked via HE forming the 2D clustered-based micro-porous cotitn
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polymer 1. As for 2, three carboxylate groups of partly de-pronated Hibk these
neighboring tri-nuclear Mg SBUS, which constructs the 2D Mglustered-based
coordination materiaR. As for 3, four carboxylate groups of fully de-pronated L
also link these neighboring tri-nuclear'C8BUS, which ultimately constructs the 3D
clustered-based coordination materfal PXRD patterns have been characterized
confirming coordination polymersl-3 are pure samples. Photo-luminescent
investigations demonstrated tHa8 can be utilized as bi-functional sensors for*Fe
and NZF antibiotics with high efficiencysKvalues (For F&: 7.28x10*M™ for 1;
3.38X10'M™ for 2 and 3.2 10* M™ for 3 and for NZF antibiotics: 4.4 10° M™

for 1; 4X10°M™ for 2 and 5.6<10° M™ for 3). The result also represents these
asymmetricak-electron-rich aromatic polycarboxylate linkers éareat applications
in the preparation of these unique cluster-baseddomation polymers with beautiful
structural motifs and ideal photo-luminescent semgiroperties. On the basis of this
work, further design, synthesis and functional egapion characterization of
coordination materials based on these rigid asymcaétt-electron-rich ligands are

also under way in our laboratory.

Supporting Information Available: Listings of Crystallographic data fdr3 in CIF
format, Selected Bond Lengths [A] and Angles [°1e8, PXRD patterns of-3, TGA
curve of 1-3, Photo-luminescent spectra ofslHand coordination polymer4-3

dispersed in water solutions..
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Tablel Crystal Data and Structure Refinement InformatammGompound4-3.

1 2 3
empricial formula GoH3sCaN4O1g Ca2H2oMg1 NO13 - CrgdH16.5C01 sN1.7:05
Fw 1103.08 544.87 571.96
crystal syst. Monoclinic Monoclinic Monoclinic
Space group £Ic l/a L/m
temperature 173(2) 100.00(10) 135.00(10)
a (A 23.2843(19) 24.4785(5) 10.4641(4)
b (R) 9.9618(8) 9.5570(2) 9.8893(4)
c(A) 27.309(3) 28.0137(6) 27.0153(10)
a (9 90 90 90
B (°) 109.873(3) 102.712(2) 94.963(4)

y () 90 920 90

V (B 5957.3(9) 6392.9(2) 2785.15(17)
Z 4 8 4

F(000) 2280 2024.0 1144.0

p (Mg/m?®) 1.230 1.020 1.147

abs coeff (mnf) 0.345 0.953 9.599
data/restraints/params  5353/1098/480 5665/50/329  45/26/189
GOF 1.050 1.073 1.060
R2%(1=205(1)) 0.0570 0.0502 0.0398
WRZ (1=26(1)) 0.1136 0.1461 0.1087

ARy = 2||RHRIVIR], WRe = [Ew(F,-F) 2w (R )2
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Scheme 2Three different coordination modes oftHn 1-3.
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Fig 3. The fundamental structural unit of [Mgfu,-HL)(H20),]. (2).
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Fig 4. Trinuclear M§ SBUS are linked via Hi forming the 2DCluster-based MgCoordination

Framework oP.

Fig 5. The fundamental structural unit of [Cfit10-L)o.75)n (3).
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Resear ch Highlights

1. In this work, the asymmetric amino-functionalize@tra-carboxylate k.
(2-amino-1,1":4",1"-terphenyl-3,3",5,5"-tetraceboxylic acid) containing large
conjugated ter-phenyl aromatic backbones have begroyed.

2. A series of unique tri-nuclear cluster-based' Celg" and Cd coordination
materials, namely [Ga(He-HL)(DMF)]n (1), {IMg 1.5(H7-HL)- (H20)]- 3H:O}n (2)
and {[Cdy s5(M10-L)0.79n- HoO- DMF}, (3) have been successfully prepared..

3. This is the first example of the application of amfunctionalized tri-phenyl
tetra-carboxylate based MOFs as bi-functional disioation for F& and NZF

antibiotics with high efficiency K values and low detection limit..



