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Syntheses, crystal structures, photoluminescent/magnetic properties of 

four new coordination polymers based on 2,3’, 

4,5’-biphenyltetracarboxylic acid†††† 

Jin-Zhong Qiao,
1a

 Mao-Sheng Zhan,
 a
 and

 
Tuo-Ping Hu*

b
  

ABSTRACT: Hydrothermal reactions of 2,3',4,5'-biphenyltetracarboxylic acid (H4bptc) with divalent copper, cobalt and nickel salts  5 

afford four novel coordination polymers, namely, {[Cu2.5(µ3-OH-)(bptc4-)(4,4’-bpy)(H2O)]·1.5H2O}n(1), {[Cu2(bptc4-)(H2O)4]·4H2O}n(2), 

{[Co1.5(Hbptc3-)(1,4-bib)0.5(H2O)5]·2H2O}n(3), and {[Ni2(bptc4-)(1,4-bib)1.5(H2O)5]·5H2O}n(4), in the presence of ancillary ligands 

(4,4'-bpy = 4,4'-bipyridine, 1,4-bib = 1,4-bis(1-imidazolyl)benzene). Their structures were determined by single-crystal X-ray diffraction 

analyses and further characterized by IR spectra, elemental analyses, powder X-ray diffraction (PXRD),  thermogravimetric (TG) 

analyses. Complex 1 exhibits a 3D framework with one-dimensional channels along the [111] direction, which can be defined as a 10 

(4,10)-connected deh1 net with the point Schläfli symbol of {3·45}2{34·412·510·614·73·82}. Compound 2 contains two interpenetrated 3D 

networks, each of which can be viewed as a (4,4)-connected mog Moganite network with the point Schläfli symbol of 

{4·64·8}2{42·62·82}. In Complex 3, both the Hbptc3- and the 1,4-bib show µ2 coordination mode, the former of which links two Co2 

cations to form a 1D anionic chain and the latter of which links two Co1 cations to generate a 1D cationic chain. Interestingly, the 1D 

anionic chains are assembled through abundant strong hydrogen bonds to generate a 3D supermolecular structure with large 15 

one-dimensional channels occupied by the 1D cationic chains along the c axis. Complex 4 consists of two interpenetrated 3D networks , 

each of which can be simplified as a novel (3,4,4)-connected framework with the point Schläfli symbol of {4·6·8}{4·63·82}{64·8·10}. In 

addition, the magnetic properties for 1, 2 and the photoluminescent properties for 3, 4 were investigated. The magnetic results show that 

there exist antiferromagnetic interactions between Cu(II) ions in 1 and 2. 

Introduction 20 

Coordination polymers (CPs) have become increasingly attractive organic-inorganic hybrid materials with appealing structure and 

novel topology, owing to their enormous potential applications as functional materials, such as in microelectronics,1 luminescent 

materials, 2 heterogeneous catalyses,3 gas separation and storage,4 nonlinear optics1c, 5 and molecular magnetism.6 The structural diversity 

of such solid materials is deeply influenced by many factors, such as pH value, molar ratio of reactants, solvents, temperature, 

counterions, and the coordination modes of organic ligands or metal ions.7,8 Rational selection of characteristic polycarboxylate ligands is 25 

one key factor in the construction of desired CPs. Biphenyltetracarboxylic acid, such as 2,2',3,3'-biphenyltetracarboxylic acid,9 

2,2',4,4'-biphenyltetracarboxylic acid,10 2,2',5,5'-biphenyltetracarboxylic acid,11 2,2',6,6'-biphenyltetracarboxylic acid,12 

3,3',4,4'-biphenyltetracarboxylic acid13 and 3,3',5,5'-biphenyltetracarboxylic acid,14 have been proven as good candidates for the 

syntheses of various CPs, due to their rich coordination modes. To the best of our knowledge, no attention was given to CPs based on the 

polycarboxylate ligand, 2,3’,4,5’-biphenyltetracarboxylic acid, which may be a good candidate for the construction of CPs with new 30 

topology and useful property. In view of the above considerations, we chose 2,3’,4,5’-biphenyltetracarboxylic acid as a polycarboxylate 

ligand to generate novel CPs. Herein, we report four new CPs: {[Cu2.5(µ3-OH-)(bptc4-)(4,4’-bpy)(H2O)]·1.5H2O}n(1), 

{[Cu2(bptc4-)(H2O)4]·4H2O}n(2), {[Co1.5(Hbptc3-)(1,4-bib)0.5(H2O)5]·2H2O}n(3), and {[Ni2(bptc4-)(1,4-bib)1.5(H2O)5]·5H2O}n(4). 

                                                             1  

a Key Laboratory of Aerospace Materials and Performance (Ministry of Education), School of Materials Science and Engineering, Beihang University, 

No.37, Xueyuan Road, Beijing 100191, China.  E-mail: qiaojinzhong@nuc.edu.cn. 
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† Electronic Supplementary Information (ESI) available: Additional Figures, excitation spectra, hydrogen bond geometry and X-ray crystallographic data, 
CCDC 980968, 981706, 981699 and 1018785 for 1-4. 
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Scheme 1. Coordination Modes of the bptc4− and the Hbptc3- in Complexes 1-4 

Experimental section

The chemicals of 2,3’,4,5’-biphenyltetracarboxylic acid, 4,4'-bpy, 1,4-bis(1-imidazolyl)benzene were purchased from Jinan 5 

Henghua Sci. & Tec. Co. Ltd and other reagents were commercially available. All chemicals were of analytical grade as obtained 

and used as received. Elemental analyses for C, H and N were performed on a Vario MACRO cube elemental analyzer. The IR 

spectra were recorded from KBr pellets in the range from 4000 to 400 cm-1 on a FTIR-8400S spectrometer. Thermal measurements 

were carried on a ZCT-A thermal analyzer from room temperature to 800 °C with a heating rate of 10 °C/min under nitrogen 

atmosphere. Powder X-ray diffraction data were collected on a Rigaku D/Max-2500PC diffractometer with Cu Kα radiation 10 

(λ=1.5406 Å) over the 2θ range of 5-50° at room temperature. Luminescence spectra for the solid samples were recorded on a 

EDINBURGH FLSP920 fluorescence spectrophotometer. The variable-temperature magnetic susceptibility measurements were 

performed on a Quantum Design SQUID MPMS XL-7 instruments in the temperature range of 2-300 K and under the field of 

1000 Oe. 

Syntheses of the complexes 15 

Synthesis of {[Cu2.5(µ3-OH-)(bptc4-)(4,4’-bpy) (H2O)]·1.5H2O}n (1). A mixture of Cu(NO3)2·3H2O (0.1 mmol, 24.2 mg), 

H4bptc (0.05 mmol, 16.5 mg), 4,4’-bpy (0.05 mmol, 7.8 mg), NaOH (0.2 mmol, 8 mg) and H2O (10 mL) was stirred for 1 h and 

sealed in a 25 mL Teflon-lined stainless-steel container. The container was heated to 130 °C and held at this temperature for 72 h. 

It was then cooled to 30 °C at a rate of 5 °C·h-1. Green crystals were collected in 75% yield (based on Cu). Anal. Calc. for 

C52H40Cu5N4O23 (1406.62): C, 44.40; H, 2.87; N, 3.98. Found: C, 42.86; H, 3.21; N, 3.85. IR (cm-1): 3427(s), 1609(vs), 1570(vs), 20 

1539(s), 1413(s), 1375(vs), 1359(vs), 1213(m), 1171(w), 1132(w), 1102(w), 1071(w), 1046(w), 1015(w), 820(m), 796(w), 768(s), 

723(m), 704(w), 643(w). 

Synthesis of {[Cu2(bptc4-)(H2O)4]·4H2O}n(2). A mixture of Cu(NO3)2·3H2O (0.1 mmol, 24.2 mg), H4bptc (0.05 mmol, 16.5 

mg), NaOH (0.2 mmol, 8 mg) and H2O (10 mL) was stirred for 1 h and sealed in a 25 mL Teflon-lined stainless-steel container. 

The container was heated to 130 °C and held at this temperature for 48 h. It was then cooled to 30 °C at a rate of 5 °C·h-1. Blue 25 

crystals were collected in 65% yield (based on Cu). Anal. Calc. for C16H22Cu2O16 (597.43): C, 32.16; H, 3.71. Found: C, 31.32; H, 

3.98. IR (cm-1): 3409(vs), 3229(s), 1616(s), 1589(s), 1437(s), 1419(s), 1383(vs), 1288(m), 1269(m), 1118(vw), 1103(w), 771(m), 

732(m), 667(m), 487(w) 

Synthesis of {[Co1.5(Hbptc3-)(1,4-bib)0.5(H2O)5]·2H2O}n (3). A mixture of Co(NO3)2·6H2O (0.1 mmol, 29.1 mg), H4bptc (0.05 

mmol, 16.5 mg), 1,4-bib (0.05 mmol, 10.5 mg), NaOH (0.1 mmol, 4 mg) and H2O (10 mL) was stirred for 1 h and sealed in a 25 30 

mL Teflon-lined stainless-steel container. The container was heated to 90 °C and held at this temperature for 48 h. It was then 

cooled to 30 °C at a rate of 5 °C·h-1. Pink crystals were collected in 58% yield (based on Co). Anal. Calc. for C44H52Co3N4O30 

(1293.62): C, 40.85; H, 4.05; N, 4.33. Found: C, 40.97; H, 4.10 N, 4.34. IR (cm-1): 3389(vs), 3140(vs), 1700(s), 1611(s), 1524(vs), 

1490(s), 1410(vs), 1362(vs), 1307(vs), 1267(s), 1169(m), 1134(m), 1104(m), 1065(s), 963(m), 937(m), 928(m), 914(m), 824(s), 

763(s), 689(s), 668(s), 656(s), 539(s), 472(s) 35 

Synthesis of {[Ni2(bptc4-)(1,4-bib)1.5(H2O)5]·5H2O}n (4). A mixture of Ni(NO3)2·6H2O (0.1 mmol, 29.1 mg), H4bptc (0.05 

mmol, 16.5 mg), 1,4-bib (0.05 mmol, 10.5 mg), NaOH (0.2 mmol, 8 mg) and H2O (10 mL) was stirred for 1 h and sealed in a 25 
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mL Teflon-lined stainless-steel container. The container was heated to 130 °C and held at this temperature for 72 h. It was then 

cooled to 30 °C at a rate of 5 °C·h-1. Green crystals were collected in 50% yield (based on Ni). Anal. Calc. for C34H41N6Ni2O18 

(939.11): C, 43.48; H, 4.40; N, 8.95. Found: C, 42.77; H, 4.29; N, 8.83. IR (cm-1): 3348(vs), 1606(s), 1533(vs), 1437(s), 1375(vs), 

1310(s), 1267(s), 1133(w), 1110(w), 1068(s), 962(m), 941(m), 838(m), 786(s), 753(s), 712(s), 694(s), 668(s), 653(s), 542(s), 

484(m) 5 

X-ray crystallography 

Single-crystal XRD data were collected on a Bruker Apex II CCD diffractometer with graphite-monochromated Cu Kα radiation 

source (λ= 1.54184 Å) for complex 1 and Mo Kα radiation source (λ= 0.71073 Å) for complexes 2-4 at 293(2) K. Absorption corrections 

were applied using the multiscan technique. All the structures were solved by direct method of the SHELXS-97 and refined by the 

full-matrix least-squares techniques using the SHELXL-97.15 Nonhydrogen atoms were refined with anisotropic temperature parameters. 10 

The hydrogen atoms of organic ligands were refined as rigid groups. The approximate positions of the hydrogen atoms for water 

molecules, obtained from a difference Fourier map, were restrained to ideal configuration of the water molecule and fixed in the final 

stages of refinements. The detailed crystallographic data and refinement parameters are collected in Table 1. Selected bond lengths and 

angles for 1-4 are summarized in Table S1(ESI†). Topological analyses for complexes 1, 2 and 4 were performed using the program 

package TOPOS.16  15 

Table 1. Crystal data and structure refinements for Compounds 1-4 

Compound 1 2 3 4 

Empirical formula C52H40Cu5N4O23  C16H22Cu2O16  C44H52Co3N4O30 C34H41N6Ni2O18  

Formula weight  1406.62 597.43 1293.62  939.11  

Crystal system triclinic  monoclinic  triclinic  monoclinic  

Space group P1
-
 P21/c  P1

-
 C2/c  

a (Å) 10.8509(5)  13.757(3)  7.3730(4)  22.1280(9)  

b (Å) 11.1660(7)  20.753(5)  13.0724(7)  14.5817(4)  

c (Å) 12.6776(7)  7.8600(19)  13.8570(8)  28.0830(12)  

α (°) 107.269(5)  90.00  100.721(5)  90.00  

β (°) 95.042(4)  91.660(5)  101.817(5)  116.316(5)  

γ (°) 115.812(5)  90.00  98.064(5)  90.00  

V(Å3) 1277.63(14)  2243.1(10)  1262.16(12)  8122.3(5)  

Z 1  4  1  8  

DCalc. (g/cm3) 1.820  1.754  1.697  1.533  

µ(mm−1) 3.110 1.975 1.079  1.010  

T(K) 293(2) 293(2) 293(2) 293(2) 

θ range (°) 3.774-70.42 1.48-28.67 3.02-25.00 3.10-25.00 

Data/Parameters 4775/419 5744/366 4417/435 7169/625 

F(000) 703.0 1196.0 661.0 3880.0 

Rint Rint =0.0232 Rint = 0.0546 Rint = 0.0359 Rint = 0.0546 

Final R indices[I > 2σ( I )] 
R1 = 0.0416 

wR2 = 0.1127 

R1 = 0.0471 

wR2 = 0.1037 

R1 = 0.0626 

wR2 = 0.1581  

R1 = 0.0533 

wR2 = 0.1278  

R indices (all data) 
R1 = 0.0527 

wR2 = 0.1219 

R1 = 0.0850 

wR2 = 0.1187 

R1 = 0.0855 

wR2 = 0.1779  

R1 = 0.0836 

wR2 = 0.1495  

Goof 1.054 0.994 1.021 1.042 

R1 = Σ| |Fo|−|Fc| |/ Σ|Fo|, wR2 = [Σw(Fo
2
−Fc

2)2]/ Σw(Fo
2)2]1/2 
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Results and discussion 

Crystal structure of {[Cu2.5(µ3-OH-)(bptc4-)(4,4’-bpy)(H2O)]·1.5H2O}n (1). 

Single-crystal diffraction analysis reveals that complex 1 crystallizes in triclinic system, P1
-
 space group. The asymmetric unit 

contains two and a half crystallographically independent Cu(II) ions, one bptc4- ligand, one 4,4’-bpy ligand, one coordinated water 

molecule, one µ3-OH- ion, and one and a half lattice water molecules(Fig. 1a). The bptc4- is completely deprotonated and shows 

µ6-η1:η2:η2:η1
 coordination mode (model 1 in Scheme 1). The Cu1 ion, which resides on the crystallographic inverse center(site 

occupancy factor(SOF) = 1/2), is hexa-coordinated by six oxygen atoms: two from two bptc4- ligands, two from two coordinated 

water molecules and two from two µ3-OH- anions(Fig. S1, ESI†). The Cu2 ion is penta-coordinated by four oxygen atoms, which 

are from three bptc4- ligands and one µ3-OH- anion, and one nitrogen atom from one 4,4’-bpy ligand. The Cu3 ion is located in a 

distorted tetrahedral environment with τ4=0.47,17 surrounded by three oxygen atoms, which belong to two bptc4- ligands and one 

µ3-OH- anion, and one nitrogen atom from one 4,4’-bpy ligand. One Cu1 ion, two Cu2 ions and two Cu3 ions ,which are bridged 

by two µ3-OH- anions, form a {Cu5O2} secondary building unit(SBU) (Fig. 1b). The bond lengths of the Cu-O bonds are in the 

range of 1.935(2) Å ~2.301(3)Å and the Cu-N bond distances are in the range of 1.967(3) Å ~2.031(3) Å. The dihedral angle 

between the two benzene rings of the bptc4- ligand is 46.09°. 

 

Fig. 1 (a) The asymmetric unit of complex 1 with thermal ellipsoids at 50% probability level. (b) Schematic view of the metal cluster (c) View of the 3D 

Page 4 of 13RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

framework along the [110] direction with hydrogen atoms omitted for clarity (Gold bonds: bptc4- ligands; Dark blue bonds: 4,4’-bpy ligands). (d) 

Schematic view of the 3D network exhibiting a (4,10)-connected deh1 net with the point Schläfli symbol of {3·45}2{34·412·510·614·73·82} (pink nodes: 

bptc4- ligands; golden nodes: {Cu5O2} clusters; blue rods: 4,4’-bpy ligands). 

Each bptc4- ligand connects six Cu(II) ions to form a 3D framework(Fig. 1c), which is stabilized by 4,4’-bpy ligands. There are 

one-dimensional channels along the [111] direction(Fig. S2, ESI†), in which uncoordinated water molecules reside. With guest 

water molecules being omitted, the results of PLATON calculations show that the void volume is 11.2 % of the crystal volume 

(143.2 Å3 out of the 1277.6 Å3 unit cell volume).18 The topological analysis was adopted to simplify the structure.19 If we view the 

bptc4− ligands as 4-connected nodes, the {Cu5O2} clusters as 10-connected nodes, and the 4,4’-bpy ligands as µ2-linkers 

respectively, each bptc4− ligand is linked with four {Cu5O2} clusters, and each {Cu5O2} cluster is connected with eight bptc4− 

ligands and two {Cu5O2} clusters(Fig. 1d). The overall framework can be defined as a (4,10)-connected deh1 net with the point 

Schläfli symbol of {3·45}2{34·412·510·614·73·82}. 

 

Fig. 2 (a) The asymmetric unit of complex 2 with thermal ellipsoids at 50% probability level. (b) View of the 3D framework with large 

one-dimensional channels along the [001] direction. (c) Two interpenetrated 3D nets linking with strong hydrogen bonds(green dashed bonds). (d) 

View of the simplified interpenetrated 3D nets. 

Crystal structure of {[Cu2(bptc4-)(H2O)4]·4H2O}n (2) 

X-ray crystallographic analysis shows that compound 2 crystallizes in the monoclinic system, P21/c space group. The 

asymmetric unit contains two crystallographically independent Cu(II) ions, one bptc4- ligand, four coordinated water molecules 

and four lattice water molecules(Fig. 2a). The bptc4- ligands show the same coordination mode as the ones in complex 1 (model 2 
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in Scheme 1). The Cu1 ion is hexa-coordinated by another Cu1 ion, five oxygen atoms from four bptc4- ligands and one water 

molecule (Fig. S3, ESI†). The Cu2 ion is penta-coordinated by five oxygen atoms from two bptc4- ligands and three water 

molecules. The bond lengths of the Cu-O bonds are in the range of 1.900(3) Å ~ 2.374(4) Å and the Cu-Cu bond distance is 

2.6183(11) Å. The dihedral angle between the benzene rings of the bptc4- ligand is 60.176°, which indicates that the bptc4- ligand 

is seriously distorted and unsymmetrical. 

Two Cu1 ions bridged by carboxyl oxygen atoms form a binuclear metal cluster, which is connected with four bptc4- ligands 

through µ4 coordination mode. The Cu2 ion is connected with two bptc4- ligands and shows µ2 mode. A 3D polymeric network is 

formed by connecting bptc4- ligands with Cu2 ions and binuclear Cu1 clusters, containing large one-dimensional channels along 

the c axis (Fig. 2b). The entire structure is composed of two interpenetrated nets, which are linked by strong hydrogen bonds of 

O12W ··· O1(2.6735 Å) and O12W ··· O6(2.7164 Å)( Fig. 2c and Table S2 for hydrogen bond geometry data, ESI†). Both 

interpenetrated nets occupy each other's cavities and the rest of cavities are filled in by guest water molecules. Omitting the guest 

water molecules, the calculations using the software PLATON show that the void volume is 18.4 % of the crystal volume (413.4 

Å3 out of the 2243.1 Å3 unit cell volume).18 From the topology view, we can view the Cu2 ions as 2-connected linkers, the bptc4- 

ligands as 4-connected nodes, and the binuclear Cu1 clusters as 4-connected nodes. Fig. 2d shows the simplified interpenetrated 

3D nets, and each of them can be viewed as a (4,4)-connected mog Moganite network with the point Schläfli symbol of 

{4.64.8}2{42.62.82} (Fig. S4, ESI†).  

Crystal structure of {[Co1.5(Hbptc3-)(1,4-bib)0.5(H2O)5]·2H2O}n (3) 

There are one and a half crystallographically independent Co(II) cations, one Hbptc3- ligand, a half 1,4-bib ligand, five 

coordinated water molecules and two lattice water molecules in the asymmetric unit of compound 3(Fig. 3a). The Co1 ion, which 

is located on the mirror(SOF = 1/2), is hexa-coordinated by four oxygen atoms from four water molecules and two nitrogen atoms 

from two 1,4-bib ligands. The Co2 ion is also hexa-coordinated by six oxygen atoms, which are from two bptc4- anions and three 

water molecules. The Hbptc3- ligand shows µ2-η0:η1:η0:η1 coordination mode(model 3 in Scheme 1) with three hydrogen 

deprotonated, and the 1,4-bib ligand takes µ2-η1:η1 coordination mode. The dihedral angle between the two benzene rings of the 

Hbptc3- ligand is 50.102°. Each 1,4-bib ligand links two Co1 cations to form a 1D cationic chain, while each Hbptc3- ligand 

connects two Co2 cations to generate a 1D anionic chain(Fig. 3b). Interestingly, the 1D anionic chains are assembled through 

abundant strong hydrogen bonds to generate a 3D supermolecular structure with large one-dimensional channels occupied by the 

1D cationic chains along the c axis(Fig. 3c, Fig. S5 and Table S3 for hydrogen bond geometry data, ESI†). 

Crystal structure of {[Ni2(bptc4-)(1,4-bib)1.5(H2O)5]·5H2O}n (4) 

The asymmetric unit of compound 4 contains two crystallographically independent Ni(II) cations, one bptc4- ligand, one and a 

half 1,4-bib ligands, five coordinated water molecules and five lattice water molecules (Fig. 4a). The Ni1 ion is hexa-coordinated 

by four oxygen atoms, which are from two bptc4- anions and two water molecules, and two nitrogen atoms from two 1,4-bib 

Page 6 of 13RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



 

ligands(Fig. S6, ESI†). The Ni2 ion is also hexa-coordinated by five oxygen atoms, which are from two bptc4- anions and three 

water molecules, and one nitrogen atom from one 1,4-bib ligand. The bptc4- ligand shows µ4-η1:η1:η1:η1 coordination mode(model 

4 in Scheme 1) with four hydrogen completely deprotonated. The bond lengths of the Ni-O bonds range from 2.019(3) Å to 

2.144(3) Å and the Ni-N bond distances are in the range of 2.055(4) Å ~ 2.087(4)Å. The dihedral angle between the benzene rings 

of the bptc4- ligand is 60.176°. 

 

 

Fig. 3 (a) The asymmetric unit of complex 3 with thermal ellipsoids at 50% probability level. (b) View of the 1D anionic and cationic chains. (c) 

The 3D supermolecular structure composed of 1D anionic chains with large one-dimensional channels occupied by 1D cationic chains along the c 

axis (green dashed bond: hydrogen bond; blue part: 1D cationic chains). 

Each bptc4- anion links two Ni1 cations and two Ni2 cations to form a 2D lattice layer(Fig. 4b). The 2D layers are linked by 

1,4-bib ligands with µ2 bridging mode to generate a 3D structure(Fig. 4c). The whole structure contains two interpenetrated 

networks, which are of the same topological structure (Fig. 4d). From the topology view, each of the interpenetrated networks can 

be defined as a novel (3,4,4)-connected framework with the point Schläfli symbol {4.6.8}{4.63.82}{64.8.10} by denoting the Ni1 

cations as 4-connected nodes, the Ni2 cations as 3-connected nodes, the bptc4- ligands as 4-connected nodes , and 1,4-bib ligands 

as 2-connected linkers respectively(Fig. S7, ESI†). 
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Fig. 4 (a) The asymmetric unit of complex 4 with thermal ellipsoids at 50% probability level. (b) View of the 2D lattice with hydrogen atoms 

omitted for clarity. (c) The 3D structure with the 1,4-bib ligands bridging 2D lattice and hydrogen atoms omitted for clarity (Gold parts: 2D lattice; 

Dark blue parts: 1,4-bib ligands; Green bonds: N-Ni bonds). (d) Schematic view of the two interpenetrated nets. 

Thermal analyses and PXRD patterns 

In order to check the phase purity, the PXRD patterns of complexes 1-4 were checked at room temperature. The peak positions 

of the simulated and observed PXRD patterns are in agreement with each other, demonstrating the good phase purity of these 

complexes(Fig. 5). 

TG analyses of complexes 1-4 were performed under nitrogen atmosphere with a heating rate of 10 °C min-1(Fig. 6). The TG 

curve for 1 shows a gradual weight loss below 170 °C, which can be ascribed to the removal of lattice water molecules (observed: 

3.95% and calculated: 3.84%). Further, the weight loss observed from 170 °C to 220 °C indicates the removal of coordinated 

water molecules(observed: 2.54% and calculated: 2.55%). The dramatic weight loss occurs at 280 °C, corresponding to the 

thermal decomposition of the framework. For compound 2, the weight loss below 120 °C can be attributed to the loss of lattice 

water molecules (observed: 11.40% and calculated: 12.05%). Further the weight loss observed from 120 °C to 290 °C indicates the 

removal of coordinated water molecules(observed: 11.10% and calculated: 12.05%). The weight loss, corresponding to thermal 

decomposition, begins above 290 °C. The initial weight loss of complex 3 is about 18.50% below 240 °C, owing to the loss of 

water molecules (calculated: 19.48%); The second weight loss is about 4.70% from 240 °C to 330 °C, which can be attributed to 

the release of one CO molecule(calculated: 4.33%). The framework begins to collapse at 370 °C. For compound 4, the weight loss 
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below 150 °C can be attributed to the loss of lattice water molecules and coordinated water molecules (observed: 18.60%;  

calculated: 19.17%). The second weight loss occurs above 370 °C with a result of thermal decomposition. 

 

Fig. 5 PXRD patterns of complexes 1-4 

 

Fig. 6 TG curves of complexes 1-4 

Photoluminescent properties 

The photoluminescent spectra of complexes 3, 4 and the free H4bptc ligand in the solid state at room temperature were 

investigated(Fig.7 for the emission spectra and Fig. S8 for the excitation spectra, ESI† ). The H4bptc ligand displays an emission 

band at 406 nm upon excitation at 341 nm, which may be assigned to the π*-n or π*-π transition11f. The complex 3 exhibits two 

emission bands at 415 and 431(shoulder peak) nm, and the complex 4 shows an emission band at 449 nm upon excitation at λ=350 
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nm, respectively. Compared with the emission spectrum of H4bptc, red shifts of 9 nm, 25 nm(shoulder peak) for 3 and 43 nm for 4 

were observed, probably due to the metal-to-ligand charge-transfer transition. 

 

Fig.7  The emission spectra of compound 3, 4 and H4bptc ligand at room temperature. 

Magnetic properties 

Solid state magnetic susceptibility measurements for 1 and 2 were performed in the range of 2-300 K under a field of 1000 Oe. Plots 

of χMT and χM
-1 vs T for 1 and 2, where χM is the molar magnetic susceptibility, are shown in Fig. 8 and Fig. 9.  

For 1, at 300 K, the χMT value is 1.829 cm3 K mol-1, which is slightly lower than the calculated value of 1.875 cm3 K mol-1 for five 

spin-only Cu(II) ions (S=1/2, g=2.0), suggesting the presence of the antiferromagnetic interactions in the 3D net. Upon lowering the 

temperature, the χMT value gradually decreases from 1.829 cm3 K mol-1 and reaches a minimum value of 1.694 cm3 K mol-1 at 65 K. 

Then the χMT
 
value increases abruptly to a maximum 2.133 cm3 K mol-1 at ca. 5 K, which probably indicates ferromagnetic interactions 

between the {Cu5O2} clusters. As the temperature is further lowered, the χMT
 
value again decreases to 2.066 cm3 K mol-1 at ca. 2 K. The 

χM
-1 vs T curve is well fitted by the Curie-Weiss law above 75 K with the Curie constant of 1.884 cm3 K mol-1 and the Weiss temperature 

of -7.938 K, respectively. The negative Weiss value is indicative of antiferromagnetic interactions between the neighbouring Cu(II) ions, 

which is possibly due to the short Cu-Cu distances of 3.134 Å ~3.689 Å. From the Curie constant of 1.884 cm3 K mol-1, it can be 

concluded that the experimental Lande factor at room temperature corresponds to g=2.005. 

For 2, at 300 K, the χMT value is 0.523 cm3 K mol-1, which is lower than the calculated value of 0.75 cm3 K mol-1 for two spin-only 

Cu(II) ions (S=1/2, g=2.0), suggesting the presence of the antiferromagnetic interactions in the 3D net. Upon lowering the temperature, 

the χMT value gradually decreases from 0.523 cm3 K mol-1 and reaches a value of 0.384 cm3 K mol-1 at 70 K. Then the χMT
 
value 

increases very slowly to 0.387 cm3 K mol-1 at ca. 36 K, which probably indicates weak ferromagnetic interactions. As the temperature is 

further lowered, the χMT
 
value again decreases to 0.192 cm3 K mol-1 at ca. 2 K. The χM

-1 vs T curve is well fitted by the Curie-Weiss law 

above 120 K with the Curie constant of 0.672 cm3 K mol-1 and the Weiss temperature of -83.53 K, respectively. The negative Weiss value 

is indicative of strong antiferromagnetic interactions between the neighbouring Cu(II) ions, which is possibly due to a Cu/Cu short 

distance of 2.618 Å. From the Curie constant of 0.672 cm3 K mol-1, it can be concluded that the experimental Lande factor at room 
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temperature corresponds to g=1.893. 

  

  

Conclusions 

In summary, four new CPs, {[Cu3(µ3-OH)(bptc4-)(4,4’-bpy)(H2O)]·1.5H2O}n (1), {[Cu2(bptc4-)(H2O)4]·4H2O}n (2), 

{[Co1.5(Hbptc3-)(1,4-bib)0.5(H2O)5]·2H2O}n (3), and {[Ni2(bptc4-)(1,4-bib)1.5(H2O)5]·5H2O}n (4), were synthesized and characterized. 

Complex 1 shows a 3D framework with one-dimensional channels along the [111] direction, while complex 2 consists of two 

interpenetrated 3D structures. To the best of our knowledge, complex 3 exhibits an interesting 3D supermolecular structure , in which the 

1D anionic chains are assembled through hydrogen bonds to form a 3D supermolecular framework with large one-dimensional channels 

occupied by 1D cationic chains along the c axis. Compound 4 contains two interpenetrated nets of a novel (3,4,4)-connected topology, 

with the point Schläfli symbol of {4.6.8}{4.63.82}{64.8.10}. Complexes 1 and 2 exhibit antiferromagnetic behaviour. In addition, the 

photoluminescent analyses indicate that complexes 3 and 4 are potential luminescent materials. 
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