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Abstract
Four coordination polymers, namely {[Cd2(1,4-NDC)2(dbp)2]·DMF}n (1), {[Cd(1,4-NDC)(dbp)(H2O)]}n (2), {[Zn(2,6-
NDC)(dbp)(H2O)]}n (3), and {[Cu(2,6-NDC)(dbp)]·0.25DMF·0.2H2O]}n (4) (1,4-NDC = 1,4-naphthalenedicarboxylic acid; 
2,6-NDC = 2,6-naphthalenedicarboxylic acid; dbp = 4,4′-dimethyl-2,2′-bipyridine), were synthesized under solvothermal 
conditions by using a mixed-ligand strategy. Single-crystal X-ray diffraction analysis shows that compounds 1 and 2 contain 
similar 2D layers with {4462} topology, while compounds 3 and 4 exist as 1D chain structures, that extend into different 3D 
supramolecular architectures via H-bonds and interchain π∙∙∙π stacking interactions. Title compounds 1-3 exhibit strong 
emission at 342, 363 and 362 nm, respectively. Moreover, the selective luminescence sensing of compound 1 was investi-
gated, owing to its excellent chemical stability and luminescence properties. Compound 1 shows remarkable fluorescence 
responses towards Fe3+ ions, with a detection limit of 1.0 × 10–5 M, indicating that this compound could sensitively detect 
trace amounts of Fe3+ in aqueous solutions through luminescence quenching.

Introduction

Recently, coordination polymers have attracted intense 
research interest due to their versatile properties and poten-
tial applications in drug delivery [1], catalysis [2, 3], sens-
ing [4–6], magnetism [7–9], gas capture and purification 
[10–12], etc., as well as their intriguing topologies. Among 
the extensive well-designed CPs, luminescent coordination 
polymers (LCPs) exhibit better fluorescence intensity, life-
time, and quantum efficiencies, and provide considerable 
advantages in nonlinear optics, photocatalysis, white-light 
emission, and so on [13–18]. Moreover, LCPs can serve as 

excellent chemical sensors and can be applied in the detec-
tion of environmental contaminants at trace levels [19–23]. 
Fe3+ ions are important element in environmental systems 
and play an irreplaceable role in biological processes, as 
they are of great importance in oxygen molecule transport 
and energy transfer in the body. Iron deficiency or accumula-
tion can cause damage to the human body, such as anaemia, 
and cirrhosis. Thus, design and synthesis of chemosensors 
with high sensitivity and selectivity for the detection of 
metal ions have attracted considerable attention. A number 
of examples have proven that the sensitivity of fluorescence 
sensing is concerned with the ability of LMOFs to donate 
electrons because most reported LCP chemosensors follow 
a mechanism involving electron transfer or energy transfer 
processes between the CP host and guest analytes, result-
ing in luminescence quenching [24–26]. Therefore, organic 
ligands with electron-rich π-conjugated moieties can effec-
tively enhance the luminescence properties of LCPs, which 
inspired us to construct LCPs by using π-conjugated aro-
matic ligands here. In this work, we employed 1,4-naph-
thalenedicarboxylic acid (1,4-NDC) and 2,6-naphthalenedi-
carboxylic acid (2,6-NDC) in the presence of the auxiliary 
N-donor linker ligand 4,4′-dimethyl-2,2′-bipyridine (dbp) 
to construct four coordination polymers, namely {[Cd2(1,4-
NDC)2(dbp)2]·DMF}n (1), {[Cd(1,4-NDC)(dbp)(H2O)]}n 
(2), {[Zn(2,6-NDC)(dbp)(H2O)]}n (3), and {[Cu(2,6-NDC)
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(dbp)]·0.25DMF·0.2H2O]}n (4). Herein, we report the syn-
thesis, crystal structures and luminescence properties of 
these compounds. Compound 1 may serve as an efficient 
sensor for detecting Fe3+ ions with good selectivity in aque-
ous media.

Experimental section

Materials and instruments

The chemical reagents were commercially purchased and 
used without further purification. Elemental analyses for C, 
H, and N were carried out on a Perkin-Elmer 240C elemental 
analyser. Thermogravimetric analysis (TGA) was performed 
by heating the samples from room temperature to 800 °C at 
10 °C/min under a N2 atmosphere on a NETZSCH STA 449 
F5 Jupiter TGA analyser. Powder X-ray diffraction (PXRD) 
patterns were measured on a Bruker D8 Advance instrument 
with Cu–Kα radiation (λ = 1.54056 Å) over the 2θ range of 
5–50° at room temperature. Fluorescence measurements of 
compounds 1-3 were performed on a PerkinElmer LS 55 
fluorescence spectrophotometer.

Preparation of compounds 1‑4

Synthesis of {[Cd2(1,4-NDC)2(dbp)2]·DMF}n (1). A 
mixture of 1,4-NDC (12 mg, 0.05 mmol), dbp (10 mg, 
0.05 mmol), and CdBr2·4H2O (25 mg, 0.07 mmol) in DMF 
(2 mL) and ethanol (1 mL) was sealed in a 25-mL Teflon-
lined stainless-steel autoclave at 120 °C for 2 days. Yellow 
block-like single crystals of 1 were collected in approxi-
mately 30% yield based on 1,4-NDC ligand. Elemental 
analysis for C51H43Cd2N5O9, calcd (%): C, 55.95; H, 3.96; 
N, 6.40. Found (%): C, 55.34; H, 4.19; N, 6.18.

Synthesis of {[Cd(1,4-NDC)(dbp)(H2O)]}n (2). A 
mixture of 1,4-NDC (12 mg, 0.05 mmol), dbp (10 mg, 
0.05 mmol), and CdBr2·4H2O (25 mg, 0.07 mmol) in DMF 
(1 mL) and H2O (2 mL) was sealed in a 25-mL Teflon-lined 
stainless-steel autoclave at 120 °C for 2 days. Colourless 
block-like single crystals of 2 were collected in approxi-
mately 33% yield based on the 1,4-NDC ligand. Elemental 
analysis for C24H20CdN2O5, calcd (%): C, 54.51; H, 3.81; N, 
5.30. Found (%): C, 53.89; H, 4.05; N, 5.12.

Synthesis of {[Zn(2,6-NDC)(dbp)(H2O)]}n (3). A 
mixture of 2,6-NDC (12 mg, 0.05 mmol), dbp (10 mg, 
0.05 mmol), Zn(NO3)2·6H2O (30 mg, 0.1 mmol), and 150 
μL of HNO3 (2 mol/L) in DMF (1 mL) and H2O (2 mL) 
was sealed in a 25-mL Teflon-lined stainless-steel autoclave 
at 120 °C for 2 days. Colourless block-like single crystals 
of 3 were collected in approximately 29% yield based on 
the 2,6-NDC ligand. Elemental analysis for C24H20ZnN2O5, 

calcd (%): C, 59.82; H, 4.18; N, 5.81. Found (%): C, 58.93; 
H, 4.44; N, 5.60.

Synthesis of {[Cu(2,6-NDC)(dbp)]·0.25DMF·0.2H2O]}n 
(4). A mixture of 2,6-NDC (12 mg, 0.05 mmol), dbp (10 mg, 
0.05 mmol), Cu(NO3)2·3H2O (24 mg, 0.1 mmol), and 150 
μL of HNO3 (2 mol/L) in DMF (3 mL) was sealed in a 
25-mL Teflon-lined stainless-steel autoclave at 120 °C for 
2 days. Sky-blue block single crystals of 4 were collected 
in approximately 25% yield based on the 2,6-NDC ligand. 
Elemental analysis for C24.75H20.15CuN2.25O4.45, calcd (%): 
C, 61.44; H, 4.20; N, 6.51. Found (%): C, 60.66; H, 4.45; 
N, 6.28.

X‑ray crystallography

The diffraction data of compounds 1-4 were collected using 
a Bruker D8 QUEST diffractometer equipped with Mo–Kα 
radiation (λ = 0.71073 Å). The structures were solved by 
direct methods and refined using a full-matrix least-squares 
procedure on F2 by using the SHELXL package [27]. The 
hydrogen atoms were generated geometrically and refined 
isotropically by employing the riding model. All nonhy-
drogen atoms were refined with anisotropic displacement 
parameters. In compound 1, there is positional disorder 
existing in the naphthyl rings (C45/C46/C47/C48, C50/C52/
C55/C56, C41/C42/C43/C44, C49/C51/C53/C54). In com-
pound 2, two disordered carboxyl (–COO‒) groups of the 
naphthyl ring were split over two sites. In compound 3, the 
disordered O atom of the coordinated water molecule was 
split over two sites. Because of disorder, some C–C bond 
distances were restrained. Details of the crystallographic 
data are listed in Table S1. Selected bond lengths and angles 
for compounds 1-4 are provided in Table S2.

Results and discussion

Description of crystal structures

Single-crystal X-ray diffraction analyses revealed that com-
pound 1 crystallizes in monoclinic space group P21/c and 
two 1,4-NDC ligands, two dbp ligands, two Cd(II) ions, and 
two lattice DMF molecules (each having half-occupancies) 
are present in the asymmetric unit. As shown in Fig. 1, the 
two Cd(II) ions are six-coordinated in a distorted octahedral 
geometry, and are surrounded by two nitrogen atoms of one 
dbp ligand and four oxygen atoms from four different 1,4-
NDC ligands. The Cd1 and Cd2 atoms are bridged through 
four carboxylate groups via bridging bidentate coordina-
tion modes to form the dinuclear cluster [Cd2(COOR)4], 
and two dbp ligands occupy the remaining coordination 
sites of the [Cd2(COOR)4] cluster. The Cd–O bond lengths 
range from 2.197(4) to 2.378(5) Å and the Cd–N distances 
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range from 2.270(4) to 2.397(4) Å, which are consistent 
with those in other Cd(II)-based coordination polymers [28]. 
The X − Cd − X (X is O or N atom) angles are in the range 
68.90(14)–164.09(16)°. Each dinuclear [Cd2(COOR)4] unit 
is connected by four carboxylate groups from four different 
1,4-NDC ligands, while the coordinate-unsaturated sites are 
coordinated by dbp ligands (Fig. 2a). Each adjacent dinu-
clear unit is connected by two carboxylate groups to con-
struct a 1D linear chain along the a or c direction (Fig. 2b). 
In the other direction (b direction), the 1,4-NDC ligands 
are approximately coplanar in the 2D layer, and two dbp 
ligands have a dihedral angle of 41.079°. Adjacent 2D layers 
stacked over each other in an ABAB manner along the c-axis 

and further connected into a 3D supramolecular structure 
through π⋯π interactions between the pyridine rings, which 
help stabilize the 3D network (Fig. 3). Topologically, com-
pound 1 can be simplified as a uninodal 4-connected 2D sql 
network with a point symbol of {4462} (Fig. 4).

Single-crystal X-ray diffraction analysis revealed that 
compound 2 crystallizes in the monoclinic space group 
P21/n. The asymmetric unit of 2 is composed of one Cd(II) 
ion, one 1,4-NDC ligand, one dbp ligand, and one coor-
dinated water molecule. Each Cd(II) ion has a six-coor-
dinate structure, with two nitrogen atoms from one dbp 
ligand, three oxygen atoms from three 1,4-NDC ligands, 
and one oxygen from the water molecule, forming a dis-
torted {CdN2O4} octahedral geometry. The Cd–O bond 
lengths range from 2.226 (8) to 2.392 (7) Å, and the Cd–N 
bond lengths range from 2.2949 (17) to 2.3454 (17). Two 
symmetry-related Cd(II) ions (Cd1 and Cd1A) are fur-
ther bridged by two carboxyl groups to form a dinuclear 
metal–carboxylate cluster [Cd2(COOR)4] with a Cd⋯Cd 
distance of 3.8005 (6) Å (Fig. 5). The 1,4-NDC ligand 
adopts two coordination modes in compound 2: one 
–COO– group coordinates to one Cd(II) ion in monoden-
tate fashion, and the other –COO– group links two Cd(II) 
ions in an μ–O, O bridging mode. Each [Cd2(COOR)4] 
cluster is linked to four other clusters by four 1,4-NDC 
ligands to generate a 2D framework structure with chan-
nel dimensions of 10.7666 × 10.7666 Å2 based on the 
Cd(II) centres (Fig. 6a). In addition, the 2D networks are 
packed into a 3D supramolecular structure by interlayer 
π⋯π stacking interactions between the pyridine rings of 
the dbp ligands from different layers (Fig. 6b). Topologi-
cally, the [Cd2(COOR)4] units can be simplified as 4-con-
nected nodes, and the overall motif of compound 2 is a 

Fig. 1   Coordination environment of Cd centre in compound 1 

Fig. 2   The crystal structure of compound 1 viewed along different directions
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uninodal 4-connected sql 2D net with a point symbol of 
{4462} (Fig. 7).  

Single-crystal X-ray analysis revealed that compound 
3 crystallizes in a triclinic crystal system in the P-1 space 
group, and the asymmetric unit contains one crystallo-
graphically independent Zn(II) ion, one 2,6-NDC ligand, 
one dbp ligand, and one coordinated water molecule. As 
shown in Fig. 8, each Zn centre adopts a five-coordinate 
structure, with two oxygen atoms from two monoden-
tate carboxylate groups of two different 2,6-NDC ligands 
(Zn1–O1 = 1.9572 (14) Å and Zn1–O3 = 2.0746 (15) Å), 
two nitrogen atoms from one dbp ligand (Zn1–N1 = 2.1040 
(17) Å; Zn1–N2 = 2.1641 (18) Å), and one oxygen from 
the water molecule, forming a distorted square-pyramidal 
configuration. The X − Zn − X (X is N or O atom) angles 
range from 76.38 (6) to 165.04 (6)°. Each 2,6-NDC ligand 
is completely deprotonated and connects two Zn(II) ions in 
a monodentate coordination mode to form a 1D zigzag chain 
with an adjacent Zn⋯Zn separation of 12.847 or 13.330 Å. 

The dbp ligands and water molecules occupy the remaining 
coordination sites of the Zn(II) ion. The dangling pyridine 
rings of the dbp ligand are parallel to each other in the chain, 
while the dihedral angle between adjacent naphthalene rings 
ranges from 72.94(4) to 74.10(3)°. Moreover, hydrogen 
bonds and π⋯π stacking interactions were observed between 
pyridine and naphthalene rings from adjacent dbp and 2,6-
NDC ligands, which play important roles in the formation 
of supramolecular structures (Fig. 9).

Compound 4 was obtained via a synthetic route simi-
lar to that used to obtain 3, but the metal salt was changed 
from Zn(II) to Cu(II). An X-ray diffraction study revealed 
that compound 4 crystallizes in the C2/c space group (No. 
15), and the asymmetric unit contains one Cu atom (half-
occupied), half of a dbp ligand, half of a fully deprotonated 
2,6-NDC ligand, and one guest DMF molecule (DMF = N,N-
dimethylformamide). As shown in Fig. 10, the coordination 
geometry of the Cu atom can be described as square planar 
and consists of two nitrogen atoms from one chelating dbp 
ligand (Cu1–N1 = 2.006 (3) Å) and two oxygen atoms from Fig. 3   3D supramolecular structure of compound 1 constructed by 

π⋯π interactions and viewed along the c direction

Fig. 4   Schematic representation 
of the uninodal 4-connected sql 
network in 1 

Fig. 5   Coordination environment of the Cd centre in compound 2 



385Transition Metal Chemistry (2021) 46:381–390	

1 3

two different 2,6-NDC ligands (Cu1–O2 = 1.970 (2) Å). The 
bond distances are similar to those reported in the literature 
[29]. Neighbouring Cu atoms are bridged by a linear 2,6-
NDC ligand in a monodentate coordination mode to form 
an infinite 1D zigzag chain (Cu⋯Cu distance: 13.0974(7) 
Å). The terminal dbp ligands occupy the remaining coordi-
nation sites of the Cu atoms to form 1D [Cu(dbp)]n chains 
and bind alternately on either side of the chains. The chains 
form an ABC arrangement along b axis. All zigzag chains 
are further extended into a 3D supramolecular architecture 
by π⋯π stacking interactions between the pyridyl rings of 
different dbp ligands, which play an important role in the 
formation of the overall structure (Fig. 11).

Compounds 1-4 are constructed from the N-donor ancil-
lary ligand 4,4′-dimethyl-2,2′-bipyridine (dbp) and different 

Fig. 6   a The 2D structure of compound 2 viewed along the a direction; b the 3D supramolecular structure of compound 2 constructed by π⋯π 
interactions and viewed along the b direction

Fig. 7   Schematic representation of the uninodal 4-connected sql network in 2 

Fig. 8   Coordination environment of the Zn centre in compound 3 
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O-donor ligands i.e. 1,4-naphthalenedicarboxylate (1,4-
NDC) and 2,6-naphthalenedicarboxylic acid (2,6-NDC). 
Compounds 1 and 2 show different 2D layer structures with 
sql topology; 3 and 4 form 1D waved chains. It is known that 
many factors can affect nucleation and crystal growth in the 
formation of coordination polymers, such as solvent, temper-
ature, pH values, starting concentrations of the reactants and 
counteranions. In the aforementioned structures, compounds 
1-2 have been synthesized under the same synthetic condi-
tions but with different solvents (proportion and type), i.e. 
DMF/EtOH (v/v = 2/1) and DMF/H2O (v/v = 1/2), respec-
tively. Thus, the solvent plays a crucial role in the formation 
of different crystal structures. The resulting compounds 1 

Fig. 9   a A drawing showing the 
1D chain; b and c 3D supramo-
lecular structure of compound 3 
stacked by H-bonding and π⋯π 
interactions viewed along the c- 
and a- axes, respectively

Fig. 10   Coordination environment of the Cu centre in compound 4 

Fig. 11   a A drawing showing the 1D chain; b, c and d 3D supramolecular structure stacked by H-bonding and π⋯π interactions viewed along 
the a-, b- and c- axes, respectively
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and 2 have similar crystal structures, while the coordina-
tion modes for the 1,4-NDC ligands are different in their 
secondary building units (SBUs). In compound 1, 1,4-NDC 
ligands coordinate to the [Cd2(COOR)4] SBU in a bidentate 
manner via its two carboxylate groups, and the 1,4-NDC 
ligands are approximately coplanar. Two dbp ligands occupy 
the remaining coordination sites of the [Cd2(COOR)4] clus-
ter with a dihedral angle of 41.079°, and are perpendicular 
to the 1,4-NDC 2D plane. In compound 2, the 1,4-NDC 
ligands coordinate to the [Cd2(COOR)4] SBU in monoden-
tate mode and m–O, O bridging modes. Each SBU is linked 
to four other clusters by four 1,4-NDC ligands to form a 2D 
layer structure similar to that of compound 1. Slightly dif-
ferent from compound 1, two opposite dbp molecules in the 
[Cd2(COOR)4] SBU are nearly parallel to each other. Moreo-
ver, it is of interest to note that the anion (Br–) of the metal 
salt (CdBr2) does not participate in formation of the structure 
in our case but influences the formation of the resulting crys-
tals. We used CdBr2 and Cd(NO3)2 as metal salts to perform 
comparative experiments under the same reaction condi-
tions, and the resulting products had did not form crystals 
in the presence of the metal nitrate Cd(NO3)2. Compounds 3 
and 4 exhibit similar 1D chains, which extend into different 
3D supramolecular architectures via H-bonds and/or π⋯π 
stacking interactions. The 2,6-NDC ligand (2,6-naphtha-
lenedicarboxylic acid) adopts a monodentate coordination 
mode to construct a 1D zigzag chain in compounds 3-4. This 
structure may be derived from the metal centres, i.e. Zn(3) 
and Cu(4), which exhibit a five-coordinate distorted square-
pyramidal configuration and a four-coordinate square planar 
configuration, respectively. By comparing the structures of 
1-4, it can be clearly inferred that rigid ligands more easily 
form rigid structural and reduce structure uncertainty, while 
the addition of an auxiliary ligand could provide greater flex-
ibility than a single ligand.

Thermal stability of compounds 1‑4

The phase purity of as-synthesized compounds 1-4 was con-
firmed by powder X-ray diffraction (Fig. S1–S4). Thermo-
gravimetric analysis (TGA) was performed in the tempera-
ture range of 20–800 °C to investigate the thermal stability 
of compounds 1-4. As seen from the TG curve (Fig. 12), 
compound 1 displayed a weight loss of 6.54% at 25–175 °C, 
corresponding to the loss of the guest DMF molecule (calcd 
6.68%). Upon further heating, compound 1 remained stable 
at temperatures of up to 290 °C. Above this temperature, the 
compound decomposed with an abrupt weight loss. Com-
pound 2 exhibited a weight loss of 3.15% at 25–130 °C, con-
tributing to the loss of coordinated water molecules (calcd 
3.41%). Upon further heating, compound 2 remained stable 
up to 350 °C. Above this temperature, the compound decom-
posed with an abrupt weight loss. For compound 3, the TGA 

curve showed a slow weight loss of 3.35% between 25 and 
310 °C, contributing to the loss of coordinated water mol-
ecules (calculated 3.74%). Further heating resulted in release 
of the coordinated organic ligand and the collapse of the lat-
tice structure. Compound 4 exhibited a weight loss of 4.66% 
at 25–140 °C, corresponding to the release of guest DMF 
molecules (calcd 4.52%). As seen from the TG curve, com-
pound 4 remained stable until 350 °C with no weight loss. 
Upon further heating, the lattice structure collapsed, and 
the organic ligand decomposed with an abrupt weight loss.

Luminescence properties

The luminescence properties of the free ligands 1,4-NDC 
and 2,6-NDC and compounds 1-3 were examined at room 
temperature in the solid state. As shown in Fig. 13, the emis-
sion spectra of compounds 1-2 exhibit strong emission at 
342 nm (λex = 305 nm) and 363 nm (λex = 335 nm), with a 
blueshift compared to the spectrum of the free ligand 1,4-
NDC (λem = 485 nm). Upon excitation of compound 3 at 

Fig. 12   TG curves of compounds 1–4 

Fig. 13   Solid-state emission spectra of compounds 1–3 and free 
ligands
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328 nm, the corresponding bands are observed at 362 nm, 
which are similar to those of the free 2,6-NDC ligand 
(λem = 410 nm). The emission peaks of the free ligands 1,4-
NDC and 2,6-NDC can be assigned to π/n → π* electron 
transitions [30, 31]. Considering the d10 electronic con-
figuration of Zn(II)/Cd(II) cations, the emission peaks of 
compounds 1-3 do not correspond to either ligand-to-metal 
charge transfer (LMCT) or metal-to-ligand charge transfer 
(MLCT) transitions. Thus, the emissive behaviours of 1-3 
can be attributed to intra-ligand charge transfer.

Detection of metal ions

Considering the excellent luminescence properties and good 
stabilities of compound 1 in water, the potential sensing and 
detection abilities of 1 for metal ions in aqueous solution 
were explored. Further investigation was performed by using 
a 5 mg finely ground sample of compound 1 dispersed into 
a 3.0 mL 0.005 mol/L M(NO3)n aqueous solution (M = Li+, 
Na+, Ag+, Ca2+, Mg2+, Zn2+, Cd2+, Co2+, Cu2+, Pb2+, Cr3+, 
Al3+, Fe3+). As seen in Fig. 14, the different metal ions 
display distinct quenching behaviour, and Fe3+ exhibits 
extremely significant quenching effects (97.1% reduction 
in intensity), which prompted us to investigate the sensing 
sensitivity of 1 for Fe3+.

Anti-interference experiments were conducted by add-
ing Fe3+ into the suspension of compound 1 containing 
various metal ions. As shown in Fig. 15, the intensities of 
1 in the Fe3+-M mixed system (M = Li+, Na+, Ag+, Ca2+, 
Mg2+, Zn2+, Cd2+, Co2+, Cu2+, Pb2+, Cr3+, Al3+) show only 
minor changes compared to that of 1 exposed to Fe3+ ions. 
These results reveal that 1 shows good anti-interference 
in the detection of Fe3+. Then, concentration-dependent 

luminescence experiments were performed with a series 
of 1-Fe3+ suspensions to further explore the sensitivity of 
1 towards Fe3+. As shown in Fig. 16, the emission inten-
sity of compound 1 gradually decreased with increasing 
concentrations of Fe3+.

The relationship between the concentration of Fe3+ and 
the quenching efficiency was evaluated quantitatively by 
employing the Stern–Volmer (S–V) equation (I0/I = Ksv 
[Fe3+] + 1). Here, I0 and I represent the luminescence 
intensities of the suspension without and with the addi-
tion of Fe3+, respectively; Ksv is the quenching rate con-
stant; and [Fe3+] refers to the concentration of Fe3+ ions in 
aqueous solution. As shown in Fig. 17, the concentration 
of Fe3+ ions and I0/I show a good linear correlation at 
low concentrations, and the Ksv value was calculated to 
be 1.62 × 104 M−1. The related detection limit (LOD) for 
Fe3+ ions was calculated to be 1.0 × 10–5 M by the formula 

Fig. 14   a Photoluminescence spectra of compound 1 after the samples were dispersed in 0.005 mol/L M(NO3)n aqueous solutions; b the relative 
intensity of compound 1 towards metal ions in aqueous solution

Fig. 15   Luminescence intensity of compound 1 with different metal 
ion solutions containing Fe3+ ions
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3δ/Ksv, where σ is the standard deviation for five lumines-
cence tests using a blank solution.

Conclusion

In this paper, we synthesized and structurally character-
ized a series of coordination polymers by employing the 
rigid ligands 1,4-naphthalenedicarboxylic acid (1,4-NDC) 
and 2,6-naphthalenedicarboxylic acid (2,6-NDC) and the 
N-donor linker 4,4′-dimethyl-2,2′-bipyridine (dbp). Com-
pounds 1-2 exhibited 2D layer architectures with sql topol-
ogy. Compounds 3-4 adopted 1D waved chain structures 
and extended into different 3D supramolecular structures. 
Luminescence sensing exploration revealed that compound 

1 possesses excellent performance in sensing Fe 3+ ions in 
aqueous solution, and the detection limit was 1.0 × 10–5 M.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s11243-​021-​00455-7.
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