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With the assistance of various organic bases, the hydrothermal reactions of transition-metal salts with a kind 

of tripodal tricarboxylic acid 3,5-bis(4-carboxylbenzyl)oxy)benzoic acid (H3(bcbob)) at different pH values 

were carried out, producing four new bcbob-based 3-D coordination polymers as [Ni2(Hbcbob)2(bimb)2] 

(bimb = 1,4-bis(imidazol-1-yl-methyl)benzene) 1, [Zn3(bcbob)2(bpe)2] (bpe = 1,2-bis(4-pyridyl)ethene) 2, 

[H2(bpp)][Mn2(bcbob)2] (bpp = 1,2-bis(4-piperidyl)propane) 3, and [Cd2(OH)(bcbob)(bpe)0.5]H2O 4. X-ray 

single-crystal diffraction analysis reveals that (i) in 1, the bcbob molecules link the Ni2+ centers into a 2-D 

layer with a (6,3) net, then the bimb molecule serves as the pillar linker; (ii) in 2, the bpe molecule is only 

used to stabilize the 3-D network. The bcbob molecules link two types of tetrahedral Zn2+ ions into a 3-D 

network with a pcu topology; (iii) the 3-D networks of 3 and 4 are both constructed up from the 

carboxylate-bridged rod-shaped secondary building units (SBUs) by the bcbob molecules (acting as a 

3-connected node), and three types of 1-D channels are observed. However, since the rod-shaped SBUs 

contain the different structures, the side walls of the channels exhibit the different arrangements. In particular, 

the side wall in 4 adopts a helical arrangement. The bcbob molecules act as the side wall of the channel. In 3, 

the H2(bpp)2+ molecules occupy the space of the largest channels, while in 4, the bpe molecules occlude one 

type of smaller channels by coordinating to the Cd2+ ions on the side wall. The photoluminescence analysis 

reveals that 2 and 4 can serve as the chemosensors to detect the ppm-grade nitrobenzene (250 ppm for 2, 

150 ppm for 4). 

 

Introduction 

Considerable attention has been paid to the design and synthesis of novel metal-multicarboxylate 

coordination polymers (CPs), owing to their structural diversity 1 and the potential applications in some 

field.2 For example, (i) due to the stronger ability of forming the clusters or 1-D chains for the metal ions with 

the carboxylate groups, some metal-multicarboxylate CPs possess the stable 3-D networks with the porous 

structures, which have been confirmed to be the potential candidates for the H2 storage and CO2 capture;3 (ii) 

due to the electron deficient nature for nitro-aromatics, it can change the transfer path of the excited electron 

for the metal-multicarboxylate CPs, leading to the photoluminescence quenching. So the ligand-based 

photoluminescence metal-multicarboxylate CPs can act as the sensors to detect the trace nitro-explosives;4 (iii) 

due to the linkage of the carboxylate groups, the strong MM interactions may be observed in the 

metal-multicarboxylate CPs, which makes these materials exhibit the interesting magnetic properties.5 
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Scheme 1 Molecular structure of H3(bcbob). 

 

Since a highly porous CP [Cu3(tma)2(H2O)3] (tma = benzene-1,3,5-tricarboxylate) was reported,6 some 

tripodal tricarboxylic acids have been designed, constructing a series of novel metal CP materials over the last 

fifteen years.7 However, the semi-rigid 3,5-bis(4-carboxylbenzyl)oxy)benzoilate (bcbob)-based metal CPs 

were still less investigated.8 Scheme 1 plots the molecular structure of the H3(bcbob) molecule. So called 

semi-rigidity means that two benzene rings on the 3-, and 5-positions can freely rotate around the -O-CH2- 

groups. Due to the existence of two non-metallic atoms, the dihedral angle between two neighboring benzene 

rings can span a wider range from 0 o to 90 o, compared with those multi-carboxylic molecules without 

non-metallic atom (dihedral angle: 0 o or a slight rotation) or only with one non-metallic atom (dihedral angle: 

90 o or a slight rotation). Furthermore, the C6H5-O-CH2-H5C6 moiety maybe shows the different shapes: Z or V 

shape (see Scheme S1). Hence, the framework structure of the as-synthesized bcbob-extended CP is more 

unpredictable. In addition, the N,N-donor organic bases were mixed into the metal-bcbob reactive system, 

aiming at (i) extending the metal-bcbob framework, and (ii) stabilizing the metal-bcbob framework structure. 

In this article, a series of hydrothermal reactions of transition-metal salts and H3bcbob with the assistance of 

various N,N--donor organic bases at different pH values were performed, producing finally four new 

bcbob-based 3-D coordination polymers as [Ni2(Hbcbob)2(bimb)2] (bimb = 

1,4-bis(imidazol-1-yl-methyl)benzene) 1, [Zn3(bcbob)2(bpe)2] (bpe = 1,2-bis(4-pyridyl)ethene) 2, 

[H2(bpp)][Mn2(bcbob)2] (bpp = 1,2-bis(4-piperidyl)propane) 3, and [Cd2(OH)(bcbob)(bpe)0.5]H2O 4. In 

order to estimate the properties of the as-synthesized CP materials, the sensing ability of compounds 2 and 4 

on the nitrobenzene (NB) molecule was investigated. 

 

Experimental 

General 

All chemicals are of reagent grade quality, obtained from commercial sources without further purification. 

Elemental analysis (C, H and N) was performed on a Perkin-Elmer 2400LS II elemental analyzer. Infrared (IR) 

spectrum was recorded on a Perkin Elmer Spectrum 1 spectrophotometer in 4000-400 cm-1 region using a 

powdered sample on a KBr plate. Powder X-ray diffraction (XRD) data were collected on a Rigaku/max-2550 

diffractometer with Cu-K radiation ( = 1.5418 Å). Thermogravimetric (TG) behavior was investigated on a 

Perkin-Elmer TGA-7 instrument with a heating rate of 10 oC min-1 in air. Fluorescence spectrum was obtained 

on a LS 55 florescence/phosphorescence spectrophotometer at room temperature. 

 

Syntheses of coordination polymers 

[Ni2(Hbcbob)2(bimb)2] 1. A mixture of Ni(NO3)2·6H2O (0.2 mmol, 58 mg), H3(bcbob) (0.1 mmol, 42 mg), 
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bimb (0.1 mmol, 24 mg) and water (10 mL) (acidified to pH = 5 by dilute HNO3), was heated to 150 oC in a 

Teflon-lined stainless steel vessel under autogenous pressure for 4 days, and subsequently cooled to room 

temperature. The green block crystals of 1 were collected, washed with water, and dried in air. Yield: ca. 25% 

based on Ni(II). Anal. Calcd for C74H60N8O16Ni2 1: C, 61.95; H, 4.21; N, 7.81. Found: C, 61.69; H, 3.97; N, 7.66%. 

IR (cm-1): 1647 (m), 1593 (m), 1532 (m), 1423 (s), 1294 (w), 1241 (w), 1161 (s), 1109 (w), 1061 (w), 769 

(m), 663 (w). 

 

[Zn3(bcbob)2(bpe)2] 2. A mixture of Zn(OAc)2·4H2O (0.2 mmol, 44 mg), H3(bcbob) (0.1 mmol, 42 mg), bpp 

(0.1 mmol, 21 mg) and water (10 mL) (neutralized to pH = 7 by dilute NaOH), was heated to 150 oC in a 

Teflon-lined stainless steel vessel under autogenous pressure for 4 days, and subsequently cooled to room 

temperature. The colorless block crystals of 2 were collected, washed with water, and dried in air. Yield: ca. 

20% based on Zn(II). Anal. Calcd for C70H54N4O16Zn3 2: C, 59.91; H, 3.88; N, 3.99. Found: C, 59.76; H, 3.68; N, 

4.12%. IR (cm-1): 1614 (s), 1568 (s), 1507 (w), 1422 (m), 1343 (m), 1151 (s), 1049 (m), 987 (w), 835 (w), 

778 (s), 711 (w), 558 (m). 

 

[H2(bpp)][Mn2(bcbob)2] 3. A mixture of MnCl2·4H2O (0.16 mmol, 32 mg), H3(bcbob) (0.08 mmol, 34 mg), 

bpp (0.08 mmol, 17 mg) and water (10 mL) (neutralized to pH = 6 by dilute NaOH), was heated to 150 oC in a 

Teflon-lined stainless steel vessel under autogenous pressure for 4 days, and subsequently cooled to room 

temperature. The colorless block crystals of 3 were collected, washed with water, and dried in air. Yield: ca. 

20% based on Mn(II). Anal. Calcd for C59H60N8O16Ni2 3: C, 61.95; H, 4.21; N, 7.81. Found: C, 61.69; H, 3.97; N, 

7.66%. IR (cm-1): 1591 (s), 1557 (s), 1399 (s), 1373 (s), 1300 (m), 1139 (s), 1041 (m), 854 (w), 821 (w), 775 

(m), 756 (w), 708 (w), 629 (w). 

 

[Cd2(OH)(bcbob)(bpe)0.5]·H2O 4. A mixture of Cd(OAc)2·2H2O (0.2 mmol, 53 mg), H3(bcbob) (0.1 mmol, 42 

mg), bpe (0.1 mmol, 21 mg) and water (10 mL) (neutralized to pH = 7 by dilute NaOH), was heated to 150 oC 

in a Teflon-lined stainless steel vessel under autogenous pressure for 4 days, and subsequently cooled to room 

temperature. The colorless block crystals of 4 were collected, washed with water, and dried in air. Yield: ca. 

18% based on Cd(II). Anal. Calcd for C29H23NO10Cd2 4: C, 45.21; H, 3.01; N, 1.82. Found: C, 45.69; H, 3.08; N, 

2.16%. IR (cm-1): 1617 (w), 1593 (w), 1507 (w), 1545 (s), 1407 (s), 1367 (s), 1151 (s), 1048 (m), 1020 (w), 

855 (w), 825 (w), 767 (m), 550 (m). 

 

X-ray crystallography 

The data were collected with Mo-K radiation ( = 0.71073 Å) on a Rigaku R-AXIS RAPID IP diffractometer 

for 1 and 3, and on a Siemens SMART CCD diffractometer for 2 and 4. With SHELXTL program, the structures 

of all were solved using direct methods.9 The non-hydrogen atoms were assigned anisotropic displacement 

parameters in the refinement, and the other hydrogen atoms were treated using a riding model. The 

hydrogen atoms on C30 in 3, and on the hydroxyl group in 4 were not located. The hydrogen atom on the 

carboxyl group in 1 was not located. The lattice water molecule in 4 was confirmed by the elemental analysis 

and the TG analysis. This method has been extensively employed in the related reports.10 The structures were 

then refined on F2 using SHELXL-97.9 CCDC numbers are 1059704-1059706 for 1-3, and 1426333 for 4, 

respectively. The crystallographic data for 1-4 are summarized in Table 1. 

 

Table 1 Crystal data of 1-4. 

 1 2 3 4 
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Formula C74H60N8O16Ni2  C70H50N4O16Zn3 C59H58N2O16Mn2 C29H23NO10Cd2 

M 1434.72 1399.25 1160.95 770.30 

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

Crystal system Triclinic Monoclinic Monoclinic Monoclinic 

Space group P-1 C2/c C2/c C2/c 

a (Å) 9.1609(18) 45.925(2) 15.338(3) 31.512(3) 

b (Å) 12.811(3) 6.5022(3) 22.100(4) 7.0593(4) 

c (Å) 14.754(3) 21.3486(15) 16.425(3) 27.1251(19) 

 (o) 87.65(3) 90 90 90 

 (o) 85.10(3) 105.346(6) 102.64(3) 106.230(4) 

 (o) 89.56(3) 90 90 90 

V (Å3) 1723.7(6) 6147.2(6) 5432.6(19) 5793.6(8) 

Z 1 4 4 8 

Dc (g cm-3) 1.382 1.512 1.419 1.766 

 (mm-1) 0.621 1.237 0.539 1.526 

Reflections collected 16778 16552 22151 15895 

Unique reflections 7711 5397 6199 5106 

Rint 0.0242 0.0416 0.0512 0.0360 

Gof 1.102 1.052 1.050 1.179 

R1, I>2σ(I) 0.0409 0.0493 0.0560 0.0407 

wR2, all data 0.1176 0.1689 0.1674 0.1331 

 

Results and discussion 

Synthetic analysis 

All of the reactions are carried out under the hydrothermal conditions. The reactions of transition-metal salts, 

H3(bcbob) and organic bases in a molar ration of 2:1:1 at different pH levels were performed, creating the title 

compounds 1-4. During the reactions, the pH value of the reactive mixture plays a key role. On the one hand, it 

determines the degree of the deprotonation reaction for H3(bcbob). At pH  6, the H3(bcbob) molecule can be 

completely deprotonated, and exists in the form of bcbob3-, based on the reactions of compounds 2, 3 and 4. 

While at pH = 5, the H3(bcbob) molecule is partly protonated, and exists in the form H(bcbob)2-, based on the 

reaction of compound 1. On the other hand, it controls the existing form of the organic base molecule. As 

observed in compound 3, bpp exists in a diprotonated form at pH = 6, whereas as observed in compounds 3 

and 4, bpe exists in a neutral molecule at pH = 7. But the bimb molecule is difficult to be protonated at a 

weakly acidic environment as pH = 5, as found when preparing compound 1. 

 

Structural description of 1 

Compound 1 is a 3-D Ni2+ coordination polymer with a mixed ligand of bcbob and bimb. The asymmetric unit 

of compound 1 is found to be composed of one Ni2+ ion (Ni1), one bcbob molecule and one bimb molecule. 

The organic acidic molecule should exist in the form of H(bcbob)2-, in order to balance the systematic charge. 

The 1-position carboxyl group should be deprotonated, which is revealed by two equivalent C-O distances. 

While for the other two carboxylate groups, two C-O distances for each are different, suggesting that this H+ 

ion is related to these two carboxylate groups. The bcbob molecule exhibits a triple-bridged coordination mode. 

As shown in Scheme 2, the 1-position carboxylate group and the carboxylate group on the 3-position 

benzyloxy group monodentately bond respectively to one Ni2+ center, while the carboxylate group on the 
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5-position benzyloxyl group chelates to one Ni2+ center. As shown in Fig. 1b, the 1:0:1:0:1:1:3-mode 

H(bcbob)2- molecules link the Ni2+ centers into a 2-D layer network. Based on the topological viewpoint, both 

the Ni2+ center and the bcbob molecule can be regarded as a 3-connected node, so this 2-D layer network 

possesses a simple (6,3) topology. The bimb molecule serves as the pillar linker, extending the 2-D Ni(Hbcbob) 

layers into a 3-D network, as shown in Fig. 1a. Synchronously, the 1-D channels form in the 3-D network of 

compound 1. However, the 3-fold interpenetration is observed in the packing structure of compound 1, 

occluding these channels. The Ni1 center in compound 1 is involved in an octahedral site with four 

carboxylate O atoms (O2, O4b, O5a, O6a; Ni1-O = 2.0621(16)-2.1466(16) Å) occupying the equatorial plane, 

and two bimb N atoms (N1, N3; Ni1-N = 2.061(2)-2.062(2) Å) occupying the axial positions (see Fig. S1). 

 

 
Fig. 1 3-D network (a) and 2-D Ni-H(bcbob)2- layer (b) in 1.  

 

Structural description of 2 

Compound 2 is a 3-D Zn2+ coordination polymer with a mixed ligand of bcbob and bpe. The asymmetric unit 

of compound 2 is found to be composed of two types of Zn2+ ions (Zn1, Zn2; occupancy ratio: 1 for Zn1, 0.5 

for Zn2), one bcbob molecule and one bpe molecule. Zn1 and Zn2 are both involved in a tetrahedral site, but 

the detailed coordination environments are different (see Fig. S2). Zn1 is coordinate with three carboxylate O 

atoms (O2a, O3b, O4) and one bpe N atom (N1), whereas Zn2 is completed by two carboxylate O atoms (O6d, 

O6e) and two bpe N atoms (N2, N2f). As shown in Scheme 2, the bcbob molecule adopts a tetra-bridged 

coordination mode. Two carboxylate groups interact respectively with one Zn2+ ions, whereas the third 

carboxylate group bridge bidentately to two Zn2+ ions. In compound 2, the bpe molecule plays two roles. One is 

to complete the tetrahedral coordination of two Zn2+ centers, and the other is to stabilize the 3-D network of 

compound 2. The bcbob molecules link two types of Zn2+ ions to form a 3-D network of compound 2, as 

shown in Fig. 2a. The bcbob molecules first utilize two carboxylate groups to serve as the donors, linking the 

Zn1 ions into a 2-D layer network (see Fig. 2b). This 2-D layer is based on a kind of carboxylate-bridged dimer 

(see Fig. 2c), which is composed of two Zn1 centers and two carboxylate groups on the 5-position benzyloxyl 

groups. Via the interactions between the Zn1 ion and the 1-position carboxylate O atom (O2a), each dimer 

interacts with adjacent four dimers, forming finally this 2-D layer network. The other carboxylbenzyloxy 

groups protrude from the layer. Via the interactions between Zn2 and O6d/O6e, the Zn2 ions act as the 

bridges, propagating the 2-D layer into a 3-D network of compound 2. The bpe molecule acts as the second 

connector to link further Zn1 and Zn2 together, stabilizing the 3-D network of compound 2 (see Fig. 2d). The 

Zn-O and Zn-N ranges are 1.945(4)-1.966(3) Å and 2.024(4)-2.059(4) Å, respectively.  

 

(b)(a)
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Fig. 2 3-D Zn-bcbob network (a), 2-D (4,4) net (b), dimer (c) and 3-D Zn-bcbob-bpe network (d) in 2 (a: x, 

-y+4, z+1/2; b: -x+1/2, -y+5/2, -z+2; c: x, -y+2, z+1/2; d: -x, -y+2, -z+1; e: x, -y+4, z-1/2). 

 

 

Structural description of 3 

 

 

Fig. 3 3-D network (a), rod-shaped SBU (b), and 1-D channel (c, d) in 3.  

 

Compound 3 is a bcbob-extended 3-D Mn2+ coordination polymer with the occluded H2(bpp)2+ cations. The 

asymmetric unit of compound 3 is found to be composed of one Mn2+ ion (Mn1), one bcbob molecule and a 

half H2(bpp)2+ molecule. As shown in Fig. S3, Mn1 with a trigonal bipyramidal geometry is coordinate with 

(a)

(b)

(d)

A B

C

(c)

c

a

(c)(d)

(b)(a)
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five carboxylate O atoms (O1, O3d, O4a, O5b, O6c; Mn1-O = 2.084(2)-2.143(2) Å). The bcbob molecule is 

involved in a penta-bridged coordination mode: five O atoms monodentately bond to one Mn2+ center, 

respectively (see Scheme 2). Templated by H2(bpp)2+, the penta-bridged bcbob molecules link the 

5-coordinated Mn2+ centers into a 3-D network structure, as shown in Fig. 3a. The 3-D network is based on 

the rod-shaped secondary building unit (SBU), which can be described as an alternate arrangement of two 

types of carboxylate-bridged 8-membered dimers (dimer I, dimer II; see Fig. 3b). The carboxylate groups on 

5-position benzyloxy groups doubly bridge two Mn2+ ions to construct dimer I, whereas the 1-position 

carboxylate groups doubly bridge two Mn2+ ions to construct dimer II. Two types of dimers show the different 

arrangements: boat configuration for dimer I, and chair configuration for dimer II. The MnMn separations 

are 4.973 Å and 3.702 Å, respectively. The bcbob molecule serves as a 3-connected node, extending the 

rod-shaped SBUs into a 3-D network of compound 3, where the 1-D channels with the larger rhomboid 

window are observed (see Fig. 3c). As shown in Fig. 3d, the bcbob molecules with the carboxylate groups on 

3,5-position benzyloxy groups doubly bridge two rod-shaped SBUs to form this 1-D channel with the window 

size of 10  9 Å2. The bcbob molecules act as the side wall of the channel. The arrangements of two side walls 

are the same (see Fig. 3d). 

 

Structural description of 4 

 

 

Fig. 4 3-D network (a), rod-shaped SBU (b), 1-D channel (c) and helical chain (d) in 4 (a: -x-1/2, -y+1/2, -z-1; 

b: -x, y-1, -z-1/2; c: x, -y+2, z-1/2).  

 

Compound 4 is a 3-D Cd2+ coordination polymer with a mixed ligand of bcbob and bpe. The asymmetric unit 

of compound 4 is found to be composed of two types of Cd2+ ions (Cd1, Cd2), one bcbob molecule, a half bpe 

molecule, and one OH- group. The triple-bridged O atom is defined as the OH- group, in order to balance the 

systematic charge. Two types of Cd2+ ions show the different geometries: Cd1 is in an octahedral site, 

surrounded by three carboxylate O atoms (O2, O3c, O6b), one bpe N atom (N1), and two OH- groups (OH1, 

OH1a), whereas Cd2 is in a tetrahedral site, completed by three carboxylate O atoms (O1, O4d, O5e) and one 

OH- group (OH1) (see Fig. S4). The bcbob molecule adopts a hexa-bridged coordination mode: each 

(d)

(c)(a)

(b)
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carboxylate group bidentately bridge two Cd2+ centers (See Scheme 2). The OH- group adopts a trigonal 

pyramidal geometry with the Cd-OH1-Cd angles of 101.19(14)-107.25(14) o and a distance of 0.95 Å from the 

apical OH- group to the plane being comprised of three Cd(II) ions. As shown in Fig. 4a, compound 4 seems 

to have a similar 3-D network to that of compound 3, namely the bcbob molecules as a 3-connected node link 

the rod-shaped SBUs into a 3-D network with three types of 1-D channels (channel A, channel B, channel C). 

They are indeed different. In compound 4, the rod-shaped SBU Cd2(OH)(COO)6 is based on a kind of 

tetranuclear cluster. As shown in Fig. 4b, two OH- groups link two Cd1 ions and two Cd2 ions to form this 

tetranuclear cluster. The centric Cd2O2 ring is planar, and the Cd1Cd1a separation is 3.605 Å. Each two 

neighboring Cd2+ ions are further bridged by carboxylate I and carboxylate II for the bcbob molecule, 

stabilizing this cluster structure. Then the carboxylate III groups doubly bridge the adjacent tetranuclear 

clusters into a chained SBU of compound 4, entending along the b-axial direction. Since the SBU shows the 

difference, the bcbob molecule also adopts the different arrangement in both compounds (see Fig. 4c). The 

arrangements on two side walls in compound 4 are different, and a helical chain is found, as shown in Fig. 4d. 

As shown in Fig. S5, the 3-D network of compound 3 can also be described as an alternate arrangement of 

two types of layers via sharing the Mn2+ centers. A translation of the layer I produces the layer II. However, due 

to the existence of the helical chain in compound 4, it is difficult to find out a 2-D layer in the 3-D network of 

compound 4. In compound 3, the H2(bpp)2+ molecules occupy the space of the largest channel C. Channel A 

has the same window as that of channel B. Whereas in compound 4, the bpe molecules occlude the space of 

channel B by coordinating to the Cd2+ centers on the side walls. Although the window of channel C turns small, 

channel C can be activated, and the lattice water molecule occupies its space. The Cd-O range is 

2.166(8)-2.414(7) Å, and the Cd-N separation is Cd1Cd2 = 3.3245(10) Å. 

 

Structural discussion 

         

 

1:0:1:0:1:1:3 in 1            1:0:1:1:1:0:4 in 2 

 

     

 

1:1:1:0:1:1:5 in 3              1:1:1:1:1:1:6 in 4 

 

Scheme 2 Coordination modes of bcbob in 1-4. 

 

The title four compounds are all new, different from the reported bcbob-based CPs.8 All possess the 3-D 

network structures. The bcbob molecule shows its special semi-rigidity: (i) in compounds 1-4, the dihedral 

angles of two neighboring benzene rings span a rather wider range from 13.5 o observed in compound 1, to 
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87.7 o observed in compound 2. Note that in compound 1, two adjacent benzene rings array in a nearly 

parallel form; (ii) the C6H5-O-CH2-H5C6 moiety for bcbob exhibits two shapes. Generally, it adopts a Z-shape 

arrangement, namely two neighboring benzene rings are distributed on both sides of the CH2-O line. In 

compound 2, the V-shape C6H5-O-CH2-H5C6 moiety is observed. As found in compounds 3 and 4, the porous 

size of the 3-D M2+-bcbob network can be adjusted by the mixed organic base molecule, which should also be 

related to the diverse configuration of the C6H5-O-CH2-H5C6 moiety. The bcbob molecules can link the metal 

ions into a 3-D network with the channels. The channel has a larger window. Such a 3-D network is unstable. 

The main role of the introduced organic base molecule is to stabilize this unstable 3-D network: (i) stabilizing 

the 3-D network through a way of decreasing the window’s size of the channel, namely acting as a so-called 

pillar to further support the channel, as observed in compounds 2 and 4; (ii) stabilizing the 3-D network 

through a way of acting as the guest molecule, as observed in compound 3. Once the bcbob molecules only 

link the metal ions into an oligomer, the introduced organic base molecule can serve as the pillar linker, 

extending the metal-bcbob oligomers into a 3-D network, as observed in compound 1. Due to the existence of 

the channel with the larger window, this 3-D network is unstable, either. So a 3-fold interpenetration occurs in 

compound 1, in order to form a stable network. Obviously, the most important role of the incorporated 

organic base molecule is to direct influence the interaction between the metal ion and the bcbob molecule.     

 

Characterization 

Fig. S6 presents the experimental and simulated powder XRD patterns of 1-4. The experimental powder XRD 

pattern for each compound is in accord with the simulated one generated on the basis of structural data, 

confirming that the as-synthesized product is pure phase.  

The TG behaviors of compounds 1-4 were investigated. Fig. S7 gives the temperature vs. weight-loss curves. 

For the TG curve of compound 4, a minor weight loss of ca. 2.2% is observed in the temperature range of 

30-300 oC, corresponding to the removal of one water molecule (Calcd: 2.3%). This means that in an 

asymmetric unit of compound 4, there is one lattice water molecule (see Fig. S8 for better understanding). 

The C, H and N analysis also supports this conclusion. For the TG curves of compounds 1-3, no any weight 

loss is found before 300 oC, indicating that there are no neutral guest molecules in compounds 1-3. Based on 

the TG curves of 1-4, we also know that (i) compounds 1-4 possess the better thermal stability, because the 

temperature for the onset of the collapse of the host frameworks are higher: 350 oC for 1, 400 oC for 2, 350 oC 

for 3, 370 oC for 4; (ii) the final residues for all are proved to be the metal (di)oxides: NiO for 1 (Calcd: 10.4%; 

Found: ca. 10.1%), ZnO for 2 (Calcd: 17.4%; Found: ca. 18.6%), MnO2 for 3 (Calcd: 14.9%; Found: ca. 13.9%), 

and CdO for 4 (Calcd: 33.3%; Found: ca. 33.2%), respectively. Fig. S9 plots the IR spectra of compounds 1-4. 

 

Sensing property 
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(a)                                          (b) 

Fig. 5 Photoluminescence spectra of 2 (a) and 4 (b) in solid state. 

 

As expected, the Zn(II) compound 2 and the Cd(II) compound 4 possess the photoluminescence properties 

(see Fig. 5). Upon excitation (ex = 363 nm for 2; ex = 350 nm for 4), both emit blue light, and the peaks are 

centered at 427 nm for 2, and 430 nm for 4, respectively. The emissions of both should be assigned to the 

bcbob-centered electronic excitation (*), since the organic H3(bcbob) molecule exhibits a similar 

emission (em = 425 nm) when excited at 365 nm (see Fig. S10).  

 

 

 

 (a)                                            (b) 

Fig. 6 Photoluminescence behaviors of suspension-state 2 (a) and 4 (b) dispersed in different organic 

solvents (ex = 340 nm for 2, ex = 330 nm for 4). 

 

In order to reveal the sensing ability of the as-synthesized CP materials, the photoluminescence behaviors of 

the suspension-state 2 and 4 dispersed in the different organic solvents were investigated. The selected 

organic solvents have CH2Cl2, DMSO (dimethylsulfoxide), DMF (N,N-dimethyl formamide), MeOH, EtOH, 

CH3CN, acetone, DMA (N,N-dimethylacetamide), NMP (N-methylpyrrolidone), toluene, acetonitrile and NB. 

Before measurement, a series of stable emulsions were prepared as below: a finely ground powder sample (5 

mg) was immersed in an organic solvent (5.00 mL), treated by ultrasonication for 30 min, and then aged for 

3 days. As shown in Fig. 6, dispersed in the other organic solvents, the suspensions of compounds 2 and 4 all 

emits light. It exhibits a similar emission to that of the solid-state sample. Only a minor red- or blue-shift is 
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observed, which might be associated with the solvated effect.11 The emission intensities for all of the 

emulsions exhibit the differences. For compound 2, CH2Cl2, DMF and DMSO are proved to be the strongest 

enhancers, whereas dispersed in DMF, the suspension of 4 shows the maximum. However, the suspensions 

of compounds 2 and 4 exhibit a special emission behavior, when dispersed in NB (nitrobenzene). The 

emissions are completely quenched by NB, which suggests that compounds 2 and 4 can both serve as a 

sensor to detect the NB molecule. After the measurements, the solid particles are filtered from the 

suspensions. Fig. S11 gives the XRD patterns of these solid particles. For compound 2, the experimental XRD 

patterns are in agreement with the simulated, suggesting that compound 2 is stable in the organic solvents. 

While for compound 4, in some organic solvent, it is stable. But in some solvents, 4 is unstable, and the XRD 

patterns show a little difference.  

 

 

 

 (a)                                           (b) 

Fig. 7 Photoluminescence behaviors of suspension-state 2 (a) and 4 (b) with gradually increased NB 

concentrations (dispersible solvent: DMF for both; ex = 340 nm for 2, ex = 330 nm for 4).   

 

In order to investigate the quenching efficiency of the NB molecule, the emission behaviors of the 

suspensions of 2 and 4 with the gradually increased NB concentrations were measured. DMF is selected to 

act as the dispersible solvent for both. The selection of the dispersible solvent is based on two rules: (i) 

dispersed in this solvent, the suspension should have the stronger emission; (ii) dispersed in this solvent, the 

sample should be stable. As shown in Fig. 7, for both, the emission intensity of the suspensions gradually 

decrease with the increasing of the NB concentration. When 250 ppm NB is added, the emission of compound 

2 is thoroughly quenched, while with the addition of 150 ppm NB, the emission intensity of compound 4 

decreases to zero. This implies that compound 2 can sense 250-ppm NB, whereas compound 4 can detect 

150-ppm NB. DMSO is also selected to displace DMF to serve as the dispersible solvent of 2. But dispersed in 

DMF, compound 2 only detects NB with the concentration of 350 ppm. This suggests that the dispersible 

solvent affects the quenching efficiency. 

In order to investigation the origin of the photoluminescence from the suspensions, the solid particles in the 

suspensions (2/4 + dispersible solvent) are removed, and the emission behaviors of the mother solutions are 

measured. As shown in Fig. S12, even though the mother solutions also possess the photoluminescence 

emissions, the intensity is by far weaker than that of the suspensions. This implies that the 

photoluminescence from the suspensions is mainly derived from the as-synthesized CP.  

The bcbob molecule is an electron-rich aromatic ligand (potential electron donor), while the NB molecule 

possesses the electron deficient nature (potential electron acceptor). The good dispersible nature of the 

Page 11 of 15 Inorganic Chemistry Frontiers

In
or

ga
ni

c
C

he
m

is
tr

y
Fr

on
tie

rs
A

cc
ep

te
d

M
an

us
cr

ip
t



- 12 - 

as-synthesized CP particles in the organic solvent makes the introduced NB molecule access easily these 

particles and be closely adsorbed on the surface of these particles. Due to the close contact, the excited-state 

electron transfer path of the compound is changed. The excited-state electron would undergo a transfer to the 

high electron-withdrawing -NO2 group in the NB molecule, instead of returning to the ground-state energy 

level. So the quenching is observed. Based on the statements above, maybe these three factors play a key role 

in determining the sensing ability of the CP material on NB: (i) the size of the solid particle. The smaller 

particles possess the larger surface area, and are easily dispersed evenly in the organic solvent; (ii) a good 

dispersible nature of these solid particles in the organic solvent. The larger surface area as well as the better 

dispersant for the solid particles is helpful to the attachment of the mixed trace NB molecule; (iii) the larger 

-conjugated structure of the organic ligand in the CP framework. The molecule with the larger -conjugated 

structure will give a quick photoluminescence response, when encountering NB.12 

 

Conclusion 

In summary, we employed a tripodal tricarboxylic acid, namely H3(bcbob), to self-assemble four new 3-D 

coordination polymers with the assistance of various organic base molecules. Note that the bcbob-based 

coordination polymers were still less investigated. Synthetically, the pH level of the reactive system is 

confirmed to be the crucial factor in controlling the crystal growth. It directly affects the deprotonation 

reaction of the H3(bcbob) molecule. Meanwhile, it controls the existing form of the mixed organic based 

molecule, a protonated form or a non-protonated form. X-ray single-crystal analysis reveals that the bcbob 

molecules can generally link the metal centers into a 3-D network. The role of the incorporated organic base 

molecule is mainly to stabilize the 3-D metal-bcbob network in the diverse ways: (i) acting as a guest molecule; 

(ii) acting as a pillar, supporting the channel. If the bcboc molecules only link the metal centers into an 

oligomer, the mixed organic base molecule serves as the second linkers, extending the oligomers into a 3-D 

network. At this time, the interpenetration maybe occurs, in order to form a 3-D stable network. A series of 

photoluminescence analyses of compounds 2 and 4 in the suspension state indicate that (i) compounds 2 

and 4 can serve as the sensors to detect the ppm-grade NB; (ii) dispersed in the different solvent, the sensing 

ability for the compound maybe exhibits a little difference; (iii) the photoluminescence quenching maybe 

derives from three factors: electron-rich nature for the metal-multicarboxylate CP; the electron-withdrawing 

nature for NB; a well dispersible nature of the metal-multicarboxylate CP particles in the organic solvent; (iv) 

the additional NB molecule alters the excited-state electron transfer path, resulting in the photoluminescence 

quenching.  
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