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 ABSTRACT 
 

This thesis research concerns about design, synthesis, 
characterization and properties investigation on the novel zinc(II) and cadmium(II) 
coordination polymers (CPs) constructing from aromatic dicarboxylate ligands, 
pyridine-2,6-dicarboxylic acid (2,6-dipicH2) and benzene-1,3-dicarboxylic acid (1,3-
bdcH2). Three novel CPs have been successfully synthesized, namely [Zn(2,6-dipic)]n 
(1), {CdNa2(1,3-bdc)2(H2O)2(DMF)}n (2) and {[Cd2(1,3-bdc)2(DMF)]·DMF·2H2O}n (3). The 
synthesized compounds have been characterized by using elemental analysis, 
Fourier transform infrared (FT-IR) spectroscopy, thermogravimetric analysis (TGA), 
scanning electron microscopy with energy dispersive X-ray spectroscopy (SEM/EDX), 
powder X-ray diffraction (PXRD) and single-crystal X-ray diffraction (SCXRD) 
techniques. The structure of compound (1) presents interesting 2D coordination 
network containing three crystallographic independent Zn(II) centers which linked by 
2,6-dipic2- ligand. The coordination network of this compound is stabilized by 
hydrogen bonding interactions between 2D layers. Thermal stability of this 
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compound is highly stable to about 450 C. The catalytic activity of compound (1) 
for transesterification reaction of phenyl acetate and methanol was investigated by 

using the optimal reaction condition at 75 C for 48 h. The result shows that the 
maximum yield of methyl acetate of 53.50 % was obtained. Moreover, this catalyst 
can be reused at least 2 cycles without any significant loss of catalytic activity. For 
compound (2), the crystal structure shows 3D heterobimetallic Cd(II)-Na(I) 
coordination framework constructing from 1,3-bdc2- bridging ligand. This coordination 
framework is stabilized by π···π stacking and hydrogen bonding interactions. The 

thermal stability of this compound is also stable to 450 C. Interestingly, the 
photoluminescence sensing properties of this compound exhibit selectivity for 
detection of acetone (LOD = 0.024 % v/v). Compound (3) was received from the 
same synthetic condition as compound (2) which totally different structure. The X-
ray structure of compound (3) is 2D coordination network constructing from 
trinuclear Cd(II) SBUs linked by 1,3-bdc2- ligands. The stabilization of the crystal lattice 
for this coordination polymer is enhanced by supramolecular interactions, namely 
hydrogen bonding and CH···π interaction between 2D layers. 

 
 

Keywords: Zinc(II) and cadmium(II) coordination polymers, Aromatic dicarboxylate, 
Crystal structure, Catalysis, Photoluminescence properties 
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       [Mn3(5-ID-1,3-bdc)3(DMA)(H2O)2]n·n[(H2O)(DMA)] 

134 
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CHAPTER 1 
INTRODUCTION 

 
This chapter presents an introduction to coordination polymers (CPs) in 

the points of general information, influent factors, chemistry of d10 transition metals 
and carboxylate ligands and applications concerning to this study. In addition, the 
objective, scope and limitation of this research are described. 
 
1.1 Coordination polymers 
 

The term “coordination polymers” (CPs) was first mentioned by Shibata, 
Y. [1] to explain dimers and trimers of various cobalt(II) ammine nitrates in 1916. 
Later, this term was employed by Bailar, J. C. [2] to compare organic polymers with 
those inorganic compounds which can be considered as polymeric species in 1964. In 
2013, the definition of CPs was provided as “a coordination compound with 
repeating coordination entities extending in 1, 2, or 3 dimensions” by Batten and 
coworkers [3]. Generally, coordination polymers consist of two mainly components, 
namely metal centers or clusters and organic linkers, which are connected together 
via coordinated covalent bond, the donation of a lone pair of electrons from the 
organic ligand as a Lewis base to the metal center as a Lewis acid, generating one-, 
two- and three-dimensional structures [4] as shown in Scheme 1.1.  
 

 
 
 
 
 
 

 
Scheme 1.1 Formation of coordination polymers 

1D 

2D 

3D 

Metal ion 
or Cluster 

Organic linker 
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Nowadays, the field of CPs is one of the most popular areas. The number 
of publications describing their synthesis, structures, characterization and applications 
has rapidly increased [5] as shown in Figure 1.1. Coordination polymers have 
attracted great attention not only for their interesting structural diversity, but also for 
their potential applications in many areas such as gas sorption and separation [6-12], 
energy storage and conversion [13-16], drug delivery [17-20], catalysis [21-27] and 
luminescence sensing [28-33].  
 

 

 
 

 

 

Figure 1.1 Number of publications and citations per year from 1995-2012 for articles 
on the topics of “coordination polymers” [5] 

 
1.2 Factors of the formation of coordination polymers  

The ability to control the structural dimensionality of CPs depends on 
the combination of several factors, such as the coordination geometry of the metal 
ion, the chemical structure of the ligand, the metal-to-ligand ratio, solvent system, 
temperature, pH value, and so on [34]. The descriptions of these factors are given 
following. 

Years 
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1.2.1 Influence of metal ions 
The metal ions and their oxidation states influence on the 

topologies and properties of CPs. Several types of metal ions such as alkaline, 
alkaline earth, lanthanide and transition metals have been used to be choices of 
design and synthesis of CPs [35]. Especially, transition metal are often employed in 
the construction of CPs because their electronic structures and coordination 
numbers, giving rise to various geometries namely linear, T- or Y-shaped, tetrahedral, 
square-planar, square-pyramidal, trigonal-bipyramidal, octahedral and trigonal-
prismatic geometries [36], as shown in Figure 1.2. Among d-transition metal ions, 
transition metal ions with d10 configuration has been attracted great attention as 
metal centers for the construction of luminescent CPs because of enhanced 
emissions arising from π*-π transitions within a rigid ligand [37]. The example study of 
influence of metal ions in CPs has been investigated by Song and coworkers in 2009 
[38]. They had successfully synthesized six metal-benzoate with 4,4'-bpy co-ligand 
compounds using various metal ions as shown in Figure 1.3. Because of the 
difference in coordination geometries of metal ions, the crystal structures of these 
compounds show diverse structural features, namely ladder, helical, chain containing 
paddle-wheel units, zigzag to 2D sheet. It is clear that selection of suitable metal 
ions can control the coordination geometry of each metal ion to form different 
crystal structures.  
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Figure 1.2 Coordination geometries of transition metal ions found in CPs [36] 
 

 
Figure 1.3 Views of the effect of metal ion types on the construction of CPs [38]. 
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1.2.2 Influence of ligands 
The configuration, rigidity, substituent and coordination modes of 

organic ligands have an important effect on the final structures. The organic ligands 
can be divided into three types namely, rigid, semi-rigid and flexible ligands [39]. In 
addition, there are also three categories of ligands according to their charge namely 
neutral, anionic and cationic, [40] as shown in Figure 1.4. Among them, the organic 
ligand molecules are also containing oxygen- or nitrogen-donor atoms within the 
functional groups [41]. The N-donors organic ligands mainly come from compounds 
with coordination groups such as pyridine, imidazole, triazole, tetrazole and so on. 
The O-donors organic ligands come from groups such as –OH, –COOH, –SO3H, or –
PO3H. The example of the studies of the influence of nature of the organic ligands 
has been reported by Zheng and coworkers in 2001 [42]. They synthesized a series of 
Ag–hmt CPs (hmt = hexamethylene-tetramine) with different carboxylate co-ligands 
including 4-hydroxybenzoic acid (Hhba), 4-aminobenzoic acid (Haba), 4,4′-
biphenyldicarboxylic acid (H2bac), isonicotinic acid (Hina), benzenesulfinic acid (Hbsa) 
and 1,4-butanedioic acid (H2bda). The synthesized compounds show variation of 
structures. The monocarboxylate co-ligands generated 1D zigzag CPs, while 
dicarboxylate ligands linked the zigzag chains into ladder like structure. The 
isonicotinate ligand with two binding sites coordinated to Ag(I) ions to furnish 2D grid 
network. Benzenesulfinate and 1,4-butanedioate ligands formed double-chain-like 
CPs. This work suggested that the structural diversity of CPs is mainly dependent on 
the nature and coordination properties of the organic ligands used.  
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Figure 1.4 The illustration of the effect of organic ligand types on the construction of 

CPs [42] 
 

Isostructure of I-1 and I-2 

 

I-3 

I-4 

I-5 

I-6 

Ref. code: 25605809040032YZR



7 
 

 

1.2.3 Influence of metal-to-ligand ratio 
 Metal-to-ligand ratio is also important factor for the synthesis of 

CPs because the structure of CPs sometime depends on the stoichiometry of 
reactants. For example, Liu and coworkers [43] have studied the metal-to-ligand ratio 
influences the structure of CPs by using 2,4'-biphenyldicarboxylic acid (2,4'-bpdc) and 
bis(imidazole) ligands (bimb) to react with Co(II) ions in different mole ratio. Two CPs, 
[Co(2,4'-bpdc)(bimb)(H2O)]·2H2O (I-7) and [Co2(2,4'-bpdc)2(bimb)3(H2O)2]·H2O (I-8) were 
obtained by incorporating the starting materials (Co(II): 2,4'-bpdc: bimb) in a molar 
ratio of 1:1:2 and 2:2.5:5, respectively. Compound (I-7) was obtained in a molar ratio 
of 1:1:2 that could give a 3D network with CdSO4-type topology, while compound   
(I-8) displays a 4-connected 66 network by increasing the metal to ligand ratio to 
2:2.5:5 as shown in Figure 1.5. 

 
 
 
 
 
 
 
 

 
Figure 1.5 3D molecular network of (a) compound (I-7) and (b) (I-8) [43] 

 
1.2.4 Influence of solvent system 

The selection of suitable solvents is directly or indirectly influences 
to coordination framework topologies. Solvent sometime can participate in the 
complexation reactions like the ligand or influences the overall frameworks. The 
structural diversity of CPs may be due to the different size and the solubilizing ability 
of the solvent molecules. Banerjee and co-worker [44] have reported solvent 
influences onto the structure of CPs, {[Cd3(BPT)2(DMF)2]·2H2O} (I-9), [Cd3(BPT)2(DMA)2] 

  (a)                                              (b) 
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(I-10) and [(CH3CH2)2NH2]{[Cd(BPT)]·2H2O} (I-11) by the reaction of biphenyl 
tricarboxylic acid (H3BPT) and Cd(II) ions with three different solvents namely N,N-
dimethylformide (DMF), N,N-Dimethylacetamide (DMA) and diethyl-formamide (DEF). 
Both of compounds (I-9) and (I-10) have 3D coordination frameworks in which the 
DMF molecules acts as a bridging linker in compound (I-9) and the DMA molecules 
as a terminated coordination solvent in compound (I-10). The structure of 
compound (I-11) shows a 2D (6,3) honeycomb type net with protonated 
diethylamine cation which decomposed from DEF inducing the formation of this type 
structure. The summarized result of this work is depicted in Figure 1.6. 

 

 
 
 

Figure 1.6 The example study of influent of solvent [44] 
 

1.2.5 Influence of reaction temperature 
The reaction temperature is also an important factor in the 

construction of CPs based on many reasons. Firstly, the reaction temperature affects 
the solubility of the organic ligand. Secondly, flexible organic ligands have the 
potential to adopt different conformations under different temperatures. Finally, the 
reaction temperature may play a significant role in tuning the coordination mode of 

(I-9) 

(I-10) 

(I-11) 
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organic ligands, especially the carboxylate ligand [45]. The example study of the 
influence of reaction temperature has been reported by Zhang and coworkers [46] in 
2009. They have successfully synthesized two CPs, [(Cu(L)I]2 (I-12) and 
{[Cu2(L)I2][CH3CN]3}n (I-13) by the reaction of CuI and 2,3-bis(ter-butylthiomethyl) 

quinoxaline at room temperature for (I-12) and 0 C for (I-13). Compound (I-12) 
presents discrete dinuclear molecule, while compound (I-13) show 1D chain-like 
structure (Figure 1.7). This result shows that varying reaction temperatures can affect 
to adjust the structural formation of CPs. 

   
 

 
 

 
 
 

Figure 1.7 Crystal structure of (a) compound (I-12) and (b) compound (I-13) [46] 
 

1.2.6 Influence of pH 
 It is well known that the crystallization process is highly influenced 

by the acidity/basicity of the reaction media. The pH value of the reaction is one of a 
crucial external factor which has a remarkable influence on the construction of CPs. 
Yuan and co-worker [47] have studied that how pH value of the reaction influences 
the structure of CPs. They have successfully synthesized two CPs, [Cd2(ctpy)4]n·2nH2O 

(a) 

(b) 
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(I-14) and [Cd2(ctpy)2(ox)]n (I-15) by using CdCl2·2.5H2O, 4-carboxy 4,2':6',4''-terpyridine 
(Hctpy) and oxalic acid (H2ox) with adjust the pH values. Crystal structures of 
compounds (I-14) and (I-15) were obtained at pH 7.5 and 5.5 respectively. It is clear 
that oxalate does not appear in (I-14). Oxalic acid may act as a medium for the 
formation of (I-15) at higher pH value leading to 3D interpenetrating framework as 
shown in Figure1.8(a), while it is coordinated with Cd(II) atom in (I-15) leading to a 
(4,5)-connected 3D structure (Figure 1.8(b)) at lower pH value. It indicates that the 
differences in pH values lead to the distinction of the CPs structures. 
 

 
 
 

Figure 1.8 Crystal structure of (a) compound (I-14) and (b) compound (I-15) [47] 
 
1.3 Carboxylate ligands  

 
The selection of organic ligands containing suitable coordination sites 

linked by a spacer with specific positional orientation is especially important to the 
construction of CPs. The most attractive organic ligands are carboxylate derivatives 
because of their strong coordination ability and versatile coordination modes such as 
terminal monodentate, bridging bidentate or chelate [48]. This type of ligand can 
support to gain the diverse structures and topologies of designed CPs. The variety of 
coordination mode of carboxylate ligand is shown in Scheme 1.2. Among 
polycarboxylate ligands, dicarboxylates ligands are widely employed for synthesis of 

(a) (b) 
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CPs. The coordination modes found for dicarboxylate ligand could be presented in 
Scheme 1.3 [49]. 

Within dicarboxylate ligands, the rigid aromatic (such as benzene and 
pyridine ring) dicarboxylates are interesting to select for the synthesis of CPs. 
Moreover, the differences in an angle of spacer of dicarboxylates groups to ortho-, 
meta- and para- positions can be support the construction of a varieties 
coordination polymer’s topologies. The example of this ligand’s family such as 1,2-
benzenedicarboxylic acid, 1,3-benzenedicarboxylic acid, 1,4-benzenedicarboxylic acid 
and 2,6-pyridinedicarboxylic acid. There are several research that use these ligands to 
synthesis new CPs [50,51].  
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Scheme 1.2 Coordination modes of carboxylate ligand [48] 
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Scheme 1.3 Coordination modes in dicarboxylate ligand [49] 
 

In 2011, Zhang and coworkers [50] reported four new Zn(II)/Cd(II) 
coordination polymers, [Zn(1,2-bdc)(bth)0.5(H2O)]n (I-16), [Cd(1,2-bdc)(bth)0.5(H2O)]n     
(I-17), [Zn(1,3-bdc)(bth)]n (I-18), and [Cd(1,4-bdc)(bth) (H2O)2]n (I-19). They used three 
isomers of bdcH2 as bridging ligands and 1,6-bis(triazol)hexane (bth) as co-ligand to 
synthesis these CPs. Both I-16 and I-17 are iso-structural, featuring two binodal 
architectures: (63) (65·8) topology in terms of 1,2-bdc and Zn(II)/Cd(II) as three- and 
four-connected nodes as shown in Figure 1.9(a). Compound I-18 exhibits a 2D (4,4) 

network with the Zn··Zn··Zn angle of 57.84, while I-19 displays planar 2D (4,4) 
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network. A structural comparison of these compounds indicates that the 
dicarboxylate building blocks with different dispositions of the carboxyl site play 
significant role in controlling the structural diversity. 

 

 
 

 
 
 
 
 
 
 
 

(d) 
 

Figure 1.9 (a) 3D herringbone like structure of (I-16), (b) waved layer and simplified 
models applied in the topological analysis of (I-18), (c) planar 2D (4,4) network of    

(I-19) and (d) Molecular structure of three isomer of bdcH2 [50] 
 

(a) 

(b) (c) 

1,2-bdcH2 1,3-bdcH2 1,4-bdcH2 
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In 2012, Cheng and coworkers [51] reported eight new Zn(II)/Cd(II) 
coordination polymers, [Zn(1,2-bdc)(L2)]n (I-20), [Zn2(1,3-bdc)2(L

2)(H2O)2]n (I-21),  
[Zn2(1,4-bdc)2(L

1)(H2O)2]n (I-22), {[Zn2(1,2-bdc)2(L
3)(H2O)2]·2H2O}n (I-23), {[Cd(1,2-

bdc)(L2)(H2O)]·H2O}n (I-24), [Cd2(1,3-bdc)2(L
2)(H2O)4]n (I-25), {[Cd2(1,4-bdc)2(L

2)2](H2O)3}n 
(I-26) and [Cd2(1,4-bdc)2(L

1)(H2O)2]n (I-27). They used three isomers of bdcH2 as 
bridging ligands and three isomeric N,N′-di(2-pyridyl)adipoamide (L1), N,N′-di(3-pyridyl) 
adipoamide (L2) and N,N′-di(4-pyridyl)adipoamide (L3) as co-ligands to construct these 
CPs. Compounds I-20, I-23, and I-24 form 1D double-looped chain, 1D chain with 
loops and 2D layer with loops, respectively, and I-19 exhibits a 1D ladder chain. 
Compound I-15 shows rare 3-fold interpenetrated hcb layers, whereas compounds    
I-22 and I-27 forms planar and undulated hcb layers, respectively. Compound I-26 
shows a 3D self-penetrating net. From these results, the structural types of these 
Zn(II) and Cd(II) coordination polymers are thus subjected to the changes of the 
donor atom positions of the dicarboxylate ligand.  

 
 

 
 
 
 
 

 
 
 
 
 
 

(a) 
Figure 1.10 (a) Schematic views of compound (I-20) – (I-27) synthesized from 

different ligands and (b) molecular structure of three isomer of bdcH2 [51] 

(I-20) (I-21) (I-22) (I-23) 

(I-24) (I-25) (I-26) (I-27) 
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Figure 1.10 (a) Schematic views of compound (I-20) – (I-27) synthesized from 
different ligands and (b) molecular structure of three isomer of bdcH2 [51] (Cont.) 

 
From previous studies, the large numbers of CPs containing aromatic 

dicarboxylate ligands have been prepared and properties studied. However, the 
studies of CPs containing dicarboxylate derivatives are still limited. In this research, 
we focused on aromatic dicarboxylate ligand, namely pyridine-2,6-dicarboxylic acid 
(2,6-dipicH2) and benzene-1,3-dicarboxylic acid (1,3-bdcH2) were used as bridging 
ligand to synthesize the novel CPs with studies of various factors on the synthesis. 

 
1.4 Application of coordination polymers 

  
Coordination polymers (CPs) continue to be of current interest due to 

the combination of the individual properties associated with inorganic and organic 
components. Many researchers have been studied for their rich structural chemistry 
and potential applications in many areas, including gas sorption and separation [6-
12], energy storage and conversion [13-16], drug delivery [17-20], catalysis [21-27] and 
luminescence sensing [28-33]. In this thesis, we focused on heterogeneous catalysis 
and luminescence sensing. Details of both applications are described below. 

 
1.4.1 Heterogeneous catalysis 

Catalysis is a significant tool for efficiently and selectively making 
and breaking chemical bonds that are important for converting some chemicals into 
more valuable products. Recently, the field of CPs as heterogeneous catalysts has 

1,2-bdcH2 1,3-bdcH2 1,4-bdcH2 
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rapidly expanded due to their wide chemical versatility and modifiability [52]. 
Catalytically active sites can initially be present in an inorganic component or the 
organic linker of the framework. The representation of this concept is shown in Figure 
1.11 [53]. As an example of the first approach of the open metal sites, Hwang and 
coworkers [54] reported a new 2D Zn(II) coordination polymer, [Zn(glu)(µ-bpe)]·2H2O 
(I-28), which able to catalyze the transesterification reaction of various esters by the 
4-coordinated unsaturated Zn(II) ions in the framework. Recently, Wani and 
coworkers [55] also reported a new 1D Zn(II) coordination polymers, 
[Zn(TPPZ)(HCCB)]n·DMF·H2O (I-29), which can catalyze the transformation of esters 
and alcohols to produce the corresponding transesterification products with high 
yield. The second approach is functionalizing the organic linker and using the linker 
as the catalytic site, Kitagawa and coworkers [56] reported the new 3D coordination 
polymer with the formula {[Cd(4-btapa)2(NO3)2]·6H2O·2DMF}n (I-30) where 4-btapa = 
1,3,5-benzene tricarboxylic acid tris[N-(4-pyridyl)amide].  This compound is able to 
catalyze the Knoevenagel condensation of benzaldehyde and malononitrile with a 
good yield because of the containing of effective amide groups can be considered to 
exhibit a sufficient catalytic activity with base property. Moreover, the introduction of 
ions of catalytically active transition metals into the framework of the synthesized 
CPs can formally be considered a post-synthetic modification as well [53]. 
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Figure 1.11 (a) Unsaturated metal ions and (b) functionalized linkers as catalytic sites 
[53] 

 
1.4.2 Luminescent sensing 

Luminescence can be defined as the emission of light upon 
absorption of energy under the condition that the energy source is not heat based, 
which refers to incandescence. There are two basic types of luminescence namely 
fluorescence and Phosphorescence. The fluorescence concerns about the emission 
of light after absorption of a photon of light at a different wavelength. The emitted 
light is usually at a longer wavelength (lower energy) than the absorbed light. This 
phenomenon was observed by George Stokes in 1852 [57]. While the 
phosphorescence is the spin-forbidden radiates transition from the triplet state T1 to 
ground state S0. These phosphorescent lifetimes can last from several seconds to 
hours.  

Organic linkers with aromatic moieties or π-conjugated system and 
rigid molecular backbone in CPs are commonly used in the construction of 
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luminescence CPs. As the organic fluorophores are fixed in an ordered arrangement 
and in close proximity with one another in a CPs structure, the nature of their 
intermolecular communication can be altered resulting in photoemissions that are 
different from their free form [57]. Ligand to metal charge transfer (LMCT) and metal 
to ligand charge transfer (MLCT) are also common among d10 transition metal based 
CPs. LMCT is often observed in Zn(II) and Cd(II) compounds [58,59], while MLCT is 
generally seen in Cu(I) and Ag(I) compounds [60].  

 
 

 
 
 
 
 
 
 
 
 

Figure 1.12 Jablonski diagram displaying schematically the electronic states of the 
organic linker involved in luminescence phenomena [57] 

 
The most luminescent spectra observed for CPs is quenching signal. 

Many researchers have reported novel luminescence coordination polymers which 
able to sensing of small organic molecules in liquid phase. The selected interesting 
works are described. 

In 2013, Rachuri and coworkers [61] reported a new Cd(II) 
coordination polymer, {[Cd(H2O)4(4-BPDB)][BPDC]}n (I-31) where 4-BPDB = 1,3-bis(1,2,4-
triazol-1-ylmethyl)-2,4,6-trimethylbenzene and H2BPDC = 4,4'-biphenyldicarboxylic 
acid. The PL results present emission intensity of acetonitrile suspension of (I-31) is 
selectively and efficiently quenched in presence of acetone comparing to other 
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common organic solvents. These results show potential application of this 
compound as a luminescent sensing material for the detection of acetone.            

  
 

 

 

 

 

 

 
 
 

 
Figure 1.13 Packing structure of (I-31) and (b) relative emission intensities of (I-31) 

observed in different solvents [61] 
 
 In 2014, Li and coworkers [62] reported two Cd(II) coordination 

polymers, [Cd(Tipb)(1,4-bdc)0.5(H2O)(NO3)]·(DMF)x(H2O)y (I-32) and [Cd(Tipb)(1,3-
bdc)]·(DMF)x(H2O)y (I-33) synthesized from a fluorescent ligand, 2,4,6-tris[4-(1H-
imidazole-1-yl)]-benzene (Tipb). Both compounds show the selectively luminescence 
quenching for acetone as shown in Figure 1.13. The detection limits of (I-32) and     
(I-33) were calculated to be 0.084 and 0.075 % v/v, respectively.  
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Figure 1.14 (a) 2D structure of (I-32), (b) 3D structure of (I-33), (c) Quenching 
efficiencies of 2.0 % v/v of different organics on the emissions of (I-32) and (d) (I-33) 

[62] 
 
In 2016, Li and coworkers [63] reported two Cd(II) coordination 

polymers, [Cd3(tib)2(BTB)2]·3DEF·4.5H2O (I-34) and [Cd3(tib)2(BTB)2(DMA)2(H2O)2]·2DMA   
·8H2O (I-35) where tib = 1,3,5-tris(1-imidazolyl)benzene and H3BTB  = 4,4′,4″-benzene-
1,3,5-triyl-tribenzoic acid. Both compounds show selectivity for detection of acetone 
as presented in Figure 1.15. 
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Figure 1.15 (a) 3D structure of (I-34), (b) 3D structure of (I-35), (c) Quenching 
efficiency variation of (I-34) and (d) (I-35) dispersed in CH3CN via addition of 2.0 % v/v 

different organic molecules [63] 
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1.5 Research objective 
1.5.1 To design and synthesize novel coordination polymers by using 

selected d10 transition metal ions namely Zn(II) and Cd(II) ions and aromatic 
dicarboxylate ligand, namely pyridine-2,6-dicarboxylic acid (2,6-dipicH2) and benzene-
1,3-dicarboxylic acid (1,3-bdcH2) as the bridging ligands. 

1.5.2 To characterize the synthesized coordination polymers by using 
Fourier-transform infrared spectroscopy technique, elemental analysis, energy 
dispersive spectroscopy and powder X-ray diffraction technique. 

1.5.3 To study the crystal structure of synthesized coordination polymers 
by using single crystal X-ray diffraction technique. 

1.5.4 To study the physical properties of synthesized coordination 
polymers namely thermal stability and luminescent properties. 

1.5.5 To study the properties of synthesized coordination polymers 
namely catalytic and sensing properties.  

 
1.6 limitation of study 

1.6.1 Novel coordination polymers have designed and synthesized by 
using d10 transition metal ions namely Zn(II) and Cd(II) ions as a metal center and 
aromatic dicarboxylate ligand namely pyridine-2,6-dicarboxylic acid (2,6-dipicH2) and 
benzene-1,3-dicarboxylic acid (1,3-bdcH2) as the bridging ligands. 

1.6.2 The synthetic parameters, namely mole ratio and solvents have 
been studied.  

1.6.3 The FT-IR, elemental analysis and PDXRD techniques have been 
applied to identify the composition and determine the sample purity of synthesized 
coordination polymers, respectively  

1.6.4 The single crystal X-ray diffraction technique has been applied to 
study the crystal structures of synthesized coordination polymers.  

1.6.5 The thermal stability of synthesized coordination polymers have 
been studied by using thermogravimetric analysis (TGA). 
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1.6.6 The solid state photoluminescence property of synthesized 
coordination polymers comparing to that of their free ligands have been investigated 
by using fluorescence spectroscopy. 

1.6.7 The catalytic activities and the sensing behaviors of synthesized 
coordination polymers have been examined. 

 
1.7 Expected results 

1.7.1 Novel coordination polymers containing aromatic dicarboxylate 
bridging ligands namely pyridine-2,6-dicarboxylic acid (2,6-dipicH2) and benzene-1,3-
dicarboxylic acid (1,3-bdcH2) have been successfully synthesized.  

1.7.2 The crystal structures of all synthesized coordination polymers have 
been studied. 

1.7.3 The properties of synthesized coordination polymers have been 
investigated. 

1.7.4 The relationship between the crystal structure and properties of 
synthesized coordination polymers has been studied. 
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CHAPTER 2 
REVIEW OF LITERATURE 

 
This chapter presents the previous studies which related to the 

multidimensional Zn(II) or Cd(II) coordination polymers constructed from aromatic 
dicarboxylate derivatives. The details of the synthetic method, crystal structure and 
their properties are reported and summarized regarding to degree of dimensional 
structures, as following. 

 
2.1 One-dimensional Zn(II) and Cd(II) containing aromatic dicarboxylate 

derivatives CPs 
In 2005, Wen and coworkers [64] reported a new 1D coordination 

polymer, [Zn(2,6-dipicO)(H2O)2]n (II-1) prepared from the reaction of Zn(NO3)2·6H2O, 
pyridine-2,6-dicarboxylic acid N-oxide (2,6-dipicOH2) and triethylamine in the ratio of 
1:1:2 by hydrothermal method. This compound crystallizes in a noncentrosymmetric 
space group I41cd. The coordination geometry of Zn(II) center is a slightly distorted 
octahedron as shown in Figure 2.1(a). Each carboxylate group is coordinated to Zn(II) 
atom in a monodentate mode. The remarkably structural feature of this compound 
is possesses a one-dimensional helical chain-like structure with 41 helices along the 
c-axis with a pitch of 10.090 Å (Figure 2.1 (b)). The nearest Zn···Zn separation of the 
adjacent helical chains is 7.635 Å. Each helical chain is further extended by              
hydrogen bonding interactions, generating a 3D supramolecular framework. Moreover, 
the solid state luminescence property of this compound was investigated. The PL 
spectrum of this compound showed the strong fluorescent emission spectrum at 417 
nm with excitation at 342 nm.  
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Figure 2.1 (a) Coordination environment of Zn(II) ion and (b) 1D helical chain-like 

structure of II-1 [64] 
 

In 2006, Gao and coworkers [65] successfully synthesized a new 1D 
coordination polymer, {[Zn(2,6-dipic)(H2O)1.5]}n (II-2), by the reaction of 0.2 mmol of 
ZnSO4 with 0.2 mmol of pyridine-2,6-dicarboxylic acid (2,6-dipicH2) with mixed 
solvents of water and ethanol under solvothermal conditions. In the structure of this 
compound, the Zn(II) ion is six coordinated with octahedral geometry as presented in 
Figure 2.2(a). The Zn(II) ions are linked through alternative single and double oxygen 
bridges of 2,6-dipic2- to form a 1D zigzag chain as shown in Figure 2.2(b) with Zn···Zn 
distances of 3.699 and 3.346 Å. Each 1D chain connects four other chains by           
hydrogen bonding between coordinated water molecules and oxygen atoms of    
2,6-dipic2-, resulting a 3D supramolecular network. Furthermore, the solid state 
luminescence property of this compound was studied. The PL spectrum of this 
compound showed the strong fluorescent emission spectrum at 543 nm with 
excitation at 388 nm.  

 

 

 

 

 

 

 

 

(a) (b) 
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Figure 2.2 (a) Coordination environment of Zn(II) ion and (b) 1D zigzag chain-like 

structure of II-2 [65] 
 

In 2007, Wu and coworkers [66] reported a 1D coordination polymer, 
[Cd2(2,6-dipic)2(CH3OH)2(H2O)]n (II-3), synthesized by using layer diffusion method of 
CdCl2 and pyridine-2,6-dicarboxylic acid (2,6-dipicH2) in the ratio of 1:1 by using water 
and methanol as solvents. This compound crystallizes in orthorhombic space group 
Pbcn. The coordination environment of Cd(II) ion could be described as a pentagonal 
bipyramid in which the axial positions are occupied by two O atoms from 

carboxylate and methanol, respectively. Two adjacent Cd(II) ions are linked by a pair 

of carboxylate O atoms from two 2,6-dipic2- ligands to give a dinuclear unit with a 
Cd···Cd separation of 3.4064(5) Å (Figure 2.3(a)). These dinuclear units are 
interconnected via bridging carboxylate O atoms to form a 1D chain structure 
extending along the [001] direction as presented in Figure 2.3 (b). 

 

 

 
 

 

 

 

 

 
Figure 2.3 (a) The dinuclear unit and (b) 1D chain structure of II-3 extending along 

the [001] direction. H atoms have been omitted for clarity [66]. 

(a) (b) 

 

(b) (a) 
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In 2010, Liu and coworkers [67] reported a new 1D coordination polymer, 
formulated as [Zn2(1,3-bdc)2(L

1)]·2H2O (II-4) where L1 is 1,1'-(1,4-butanediyl)-bis[2-(2-
pyridyl)benzimidazole] (Figure 2.4(a)). This compound synthesized from the 
solvothermal reaction of Zn(OAc)2·2H2O, benzene-1,3-dicarboxylic acid (1,3-bdcH2) 
and L1 in the ratio of 2:2:1 with water and methanol solvents. Their structures have 
been determined by single crystal X-ray diffraction analysis and further characterized 
by various techniques. In this compound, Zn(II) ion is six-coordinated by four 
carboxylate oxygen atoms from three 1,3-bdc2- and two nitrogen atoms from L1, 
showing a distorted octahedral coordination geometry as shown in Figure 2.4 (b). Two 
carboxylate groups of 1,3-bdc2- show bidentate chelating and bidentate bridging 
coordination modes, respectively. Each 1,3-bdc2- links three Zn(II) ions to form a 1D 
double chain (Figure 2.4 (C)). The chains are further extended into 2D layers via π – π 
interactions between pyridyl rings from adjacent chains.  

 

 
 

 
Figure 2.4 (a) Molecular structure of L1, (b) Coordination environment of Zn(II) ion 

and (c) 1D double chain structure of II-4 [67]. 

(a) 

(b) (c) 
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In 2011, Ma and coworkers [68] synthesized Zn(II) and Cd(II) coordination 
polymers, namely [Zn(5-Br-1,3-bdc)(bpa)(H2O)]n (II-5) and [Zn(4-Br-1,3-bdc)(bpa)(H2O)]n 
(II-6) by using hydrothermal reaction of Zn(OAc)2·4H2O, 4-bromo- or 5-bromo-1,3-
benzenedicarboxylic acid (4-Br-1,3-bdcH2 or 5-Br-1,3-bdcH2) together with 1,2-bi(4-
pyridyl)ethane (bpa). The molecular structures of these ligands are shown in Figure 
2.5 (a). The crystal structures of both compounds have been studied. The Zn(II) ion in 
compound II-5 adopt a distorted trigonal bipyramidal geometry. Each Zn(II) ions are 
bridged by the 5-Br-1,3-bdc2- ligands to form 1D chains, which are further connected 
by the hydrogen bonds to form a 2D supramolecular layer. The adjacent 2D 
networks are parallel and arranged in an ABAB stacking sequence as presented in 
Figure 2.5(b). For compound II-6, the Zn(II) ion is four coordinated to form a 
tetrahedral geometry. Each 4-Br-1,3-bdc2- links the adjacent Zn(II) ions to form a 1D 
chain structure. The 1D chain is further connected through the hydrogen bonds to 
generate a 2D supramolecular network in which the adjacent channels show 
alternating chirality as shown in Figure 2.5(c). 

In 2012, Cheng and coworkers [51] synthesized 1D Zn(II) and Cd(II) 
coordination polymers, [Zn(1,2-bdc)(L2)]n (II-7), {[Zn2(1,2-bdc)2(L

3)(H2O)2]·2H2O}n, (II-8) 
and [Cd2(1,3-bdc)2(L

2)(H2O)4]n (II-9), by the reaction of Zn(II) or Cd(II) salts, benzene-
1,2-dicarboxylic acid (1,2-bdcH2) or benzene-1,3-dicarboxylic acid (1,3-bdcH2) together 
with N,N'-di(3-pyridyl)adipoamide (L2) or N,N'-di(4-pyridyl)adipoamide (L3) under 
hydrothermal conditions. The molecular structures of L2 and L3 are shown in Figure 
2.6(a). Their structures have been studied by single crystal X-ray diffraction technique. 
In compound II-7, the Zn(II) ion is four coordinated to form distorted tetrahedral 
geometry. Each Zn(II) ions are bridged by two 1,2-bdc2− ligands to form dinuclear 
units and the Zn2 units are linked to each other via the pyridyl nitrogen atoms of the 
L2 ligands to generate a 1D double-looped chain as shown in Figure 2.6(b). In 
compound II-8, the Zn(II) ion adopt a distorted tetragonal geometry. Each Zn(II) 
atoms are bridged by two 1,2-bdc2− ligands to form dinuclear units, which are linked 
to each other by the L3 ligands through the pyridyl nitrogen atoms to form 1D chains 
with loops as presented in Figure 2.6(c). In compound II-9, the Cd(II) ion is six-
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coordinated to form distorted octahedral geometry. Each Cd(II) ions are bridged by 
two 1,3-bdc2− ligands and the pyridyl nitrogen atoms of L2 ligands to form 1D ladder 
chain as exhibited in Figure 2.6(d). Moreover, the solid state photoluminescence of 
all compound were carried out. The PL spectra of compound II-7, II-8 and II-9 
showed the emission spectra at 386, 397 and 415 nm, respectively.  

 

 
 

 

 

 
 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
Figure 2.5 (a) Molecular structures of ligands, (b) 1D chain structure with 

hydrogen bonding to form 2D supramolecular network of II-5 and (c) view of left- 
and right-handed helical chains of II-6 [68].  
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Figure 2.6 (a) Molecular structures of L2 and L3, (b) 1D double-looped chain of II-7,  
(c) 1D chain with loops of II-8 and (d) 1D ladder chains of II-9 [51]. 
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In 2013, Sharif and Najafi [69] reported a new 1D Cd(II) coordination 
polymers, [Cd(2,6-dipic)(H2O)1.5]n (II-10) which obtained from the reaction of 1 mmol 
Cd(NO3)2·4H2O, 1mmol 4-hydroxy-pyridine-2,6-dicarboxylic acid (4-OH-2,6-dipicH2),     

1 mmol pyridine-2,6-dicarboxylic acid  (2,6-dipicH2) and 2 mmol piperazine at 60C. 
After allowed the solution mixture to evaporate at room temperature for 3 weeks, 
the colorless crystals were obtained. The crystal structure showed 4-OH-2,6-dipicH2 
and piperazine were not bonded in the product. This compound consists of two 
symmetry independent Cd atoms. Both Cd centers are linked to four oxygen and one 
nitrogen atoms in the equatorial positions and two oxygen atoms in the axial 
positions resulting to pentagonal bipyramidal geometry. The polymer builds from 
these dimeric units of II-10. The [CdO6N] units (Figure 2.7(a)) share their edges 
through the equatorial oxygen atoms of their 2,6-dipic2- ligands and form the edge 
sharing Cd2O10N2 dimers. Then the carboxylate groups of the 2,6-dipic2- ligands from 
Cd1O6N and Cd2O6N units are further coordinated to the other Cd1O6N and Cd2O6N 
units via the axial oxygen atoms and form a 1D helical chain of Cd(II) polymer that 
runs parallel to the [100] axis as shown in Figure 2.7 (b)). Two CdO6N pentagonal 
bipyramidal units with 2,6-dipic2- linkers are connected by a bridging water molecule, 
which makes the shape look like a pair of pincers. Moreover, there are C–O···π 
stacking interactions between the carbonyl groups of the pyridine-2,6-dicarboxylate 
groups and the pyridine ring of symmetry related. The various hydrogen bonds of 
type O–H···O and C–H···O are also responsible for the expansion of the structure. 
Both weak and strong hydrogen bonds with D···A distances ranging from 2.613(3) to 
3.439(4) Å, are observed in this compound. 
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Figure 2.7 (a) Coordination environment around Cd1 and Cd2 and (b) the crystal 
packing diagram of II-10 [69] 

 
In 2015, Paraschiv and coworkers [70] reported two new 1D Zn(II) 

coordination polymers, [Zn2(Htea)2(1,2-bdc)]n (II-11) and [Zn(H3tris)(1,3-bdc)(CH3OH)]n  
(II-12), where H3tea = triethanolamine, H3tris = tris(hydroxymethyl)aminomethane, 
1,2-bdcH2 = 1,2-benzenedicarboxylic acid and 1,3-bdcH2 = 1,3-benzenedicarboxylic 
acid. These compounds were synthesized by solvothermal method in the presence 
of methanol. Their crystal structures of these compounds have been studied. 
Compound II-11 has two crystallographically independent Zn(II) ions. The Zn1 atom 
is five-coordinated, displaying slightly distorted trigonal bipyramidal geometry. The 
Zn2 atom exhibits a tetrahedral geometry. Each Zn(II) atoms are linked via one 
syn−syn carboxylato and two alkoxo bridges, generating zigzag chains running along 
the crystallographic c axis as presented in Figure 2.8(a). The chains are further 
connected through hydrogen bonds established between the protonated OH groups 
from the Htea2− molecules and the uncoordinated oxygen atoms of the 1,2-bdc2- 
ligands. For compound II-12, the reaction of Zn(II) ion, H3tris, and 1,3-bdcH2 under 
solvothermal condition led to the formation of a 1D coordination polymer 
[Zn(H3tris)(1,3-bdc)(CH3OH)]n, in which the bridging 1,3-bdc2- ligands link 
[Zn(H3tris)(CH3OH)]2+ nodes. Two carboxylato groups belonging to 1,3-bdc2- show 
different coordination modes: bidentate chelating and monodentate. The Zn(II) 
center is six-coordinated with a strongly distorted octahedral geometry. The linear 

(a) (b) 

Cd1 
N1 Cd2 

N2 
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chains run along the crystallographic a axis (Figure 2.8(b)).  They are further 
connected via hydrogen bonds between the uncoordinated OH groups from the 
H3tris molecules and two carboxylato oxygen atoms from an adjacent chain, resulting 
in layers parallel to the crystallographic ab plane. These layers are interconnected 
into a complex noncovalent 3D network through strong hydrogen bonds involving 
the uncoordinated OH groups of the H3tris ligand with the coordinated ones and also 
with the oxygen atoms from the methanol ligands. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.8 (a) Fragment of the zigzag chain in II-11 and (b) fragment of the linear 
chain in II-12 [70] 

 
In 2015, Wang and coworkers [71] reported two new 1D Cd(II) 

coordination polymers, [Cd2(2,6-dipic) 2(H2O)3] n ( II-13) and {[Cd2(4-OH-2,6-
dipic) 2(H2O) 4] ·3H2O}n ( II-14)  where 4-OH-2,6-dipicH2 = 4-hydroxypyridine-2,6-
dicarboxylic acid. These compounds were synthesized by hydrothermal method. The 
crystal structure of compound II-13 has two crystallographically independent Cd(II) 
ions. Both Cd1 and Cd2 are seven-coordinate in distorted pentagonal bipyramidal 
geometry.  2,6-dipic2- anions are chelated one Cd(II) and bridged another two Cd(II) 
ions to form a Cd2O2 grid. The Cd2O2 grids are linked by three bridging μ2-O atoms to 

(a) 

(b) 

b 

c 

b 
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construct a 1D chain as presented in Figure 2.9 (a). Furthermore, each 1D chain 
further connects three other chains via hydrogen bonding interactions to generate 
the 3D supramolecular packing structure. In compound II-14, there are two 
crystallographically independent Cd(II) ions. Both Cd1 and Cd2 are close to distorted 
pentagonal bipyramidal geometry. All hydroxyl groups in 4-OH-2,6-dipic2- are 
uncoordinated and this ligands have two types of coordination mode. Two Cd1 ions 
are connected by two μ2-O2 and O2A of carboxylate group to form a Cd2O2 grid, 
while a similar Cd2O2 grid is constructed by Cd2 ions. Those grids are bridged 
alternately by μ2-Oc of carboxylate group to form a 1D chain structure as shown in 
Figure 2.9 (b). In addition, each 1D chain is surrounded by four other 1D chains via 
hydrogen bonds. As a result, a 3D supramolecular packing structure is formed. 

 
 
 

 
 
 
 
 
 

 
Figure 2.9 (a) 1D chain structure of II-13 and (b) 1D chain structure of II-14 [71] 

 
In 2016, Tripathi and coworkers [72] reported two new 1D Zn(II) and Cd(II) 

coordination polymers, {[Zn2(pyim2)2(1,3-bdc)2]·(DMF)4}n (II-15) and {[Cd(pyim2)(p-
BDC)(H2O)]·(H2O)2}n (II-16) where pyim2= 2,6-bis(imidazol-1-yl)pyridine (Figure 2.10(a)). 
These compounds were synthesized by using layers diffusion method in the ratio of 
metal: pyim2: bdcH2 is 1:2:1 with DMF and methanol solvents. The X-ray diffraction 
study exhibits that each Zn(II) ion in compound II-15 is located in a tetrahedral 
environment with the ZnN2O4 unit. The 1,3-bdc2- anion is coordinated to the Zn(II) 

(a) 

(b) 

Ref. code: 25605809040032YZR



36 
 

 

center in the η1 mode, therefore linking two Zn(II) ions, which are further connected 
through the pyim2 ligand to form a loop structure. As a result, two Zn(II) ions form a 
dimeric 18-membered macrocycle composed of one pyim2 and one 1,3-bdc2- ligand, 
which further coordinate to another macrocycle to generate the 1D chain as shown 
in Figure 2.10 (b). In addition, the stability of 1D chain is provided through CH···O, 
CH···π and π-π interactions, resulting to a 2D supramolecular arrangement. In 
compound II-16, Cd(II) ion displays a distorted pentagonal bipyramidal geometry with 
a CdN2O5 unit. The 1,4-bdc2- units are present in the chelating η2 mode and connect 
two Cd(II) ions, generating a 1D chain structure as presented in Figure 2.10 (c). Further 
stabilization of 1D chain is provided through C-H···π, π-π, hydrogen bond and CH···O 
interactions, which together interconnect two adjacent 1D chains. In addition, one of 
the lattice water molecules acts as a bridge between two independent 1D chains 
and interacts with one of the 1D chains through hydrogen bonding and to the other 
1D chain via CH···O interactions, leading to a 2D supramolecular structure. Moreover, 
the solid state photoluminescence of all compound were investigated. The PL 
spectra of compound II-15 and II-16 exhibited the emission spectra at 360 and 348 
nm, respectively. 

 
 
 
 
 

 
 
 
 
 

Figure 2.10 (a) Molecular structure of pyim2, (b) 1D chain structure of II-15 showing 
the dimeric 18-membered macrocycle and (c) 1D chain structure of II-16 with a 

pendant pyim2 ligand [72] 
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In 2017, Croitor and coworkers [73] reported two new 1D Cd(II) 
coordination polymers, {[Cd(1,3-bdc)(4-pyao)(H2O)2]·DMF·H2O}n (II-17) and {[Cd(1,4-
bdc)(4-pyao)2- (H2O)]·DMF}n (II-18) where 4-pyao = pyridine-4-aldoxime (Figure 2.11(a)). 
Both compounds were synthesized by direct method in the presence of methanol, 
water and DMF solvent. The Cd(II) center in compound II-17 adopt the CdNO6 

pentagonal bipyramidal geometry. Consequently, an extension of these Cd(II) nodes 
results in the formation of a 1D translational chain running along the c axis as shown 
in Figure 2.11 (b). These 1D chains are further interconnected by interlayer hydrogen-
bonds between the water ligands and carboxylate groups to generate a 2D hydrogen-
bonded network. In compound II-18, each Cd(II) ion is seven coordinated, showing a 
distorted pentagonal bipyramidal geometry. The 1,4-bdc2- anion acts in the bis-
bidentate chelating mode. The zigzag-like chains are further interlinked by OH···O 
hydrogen bonds between the 4-pyao and water ligands and carboxylate groups to 
afford a 3D supramolecular framework. 

 
 
 

 
 
 

 
 

 

 
 
 

 
 

 
 
 

 
 
 

 
 

 
 
 

 
 
 

 
 

 
 
 

 
 

Figure 2.11 (a) Molecular structure of 4-pyao, (b) fragment of 1D chain structure of  
II-17 and (c) fragment of 1D chain structure of II-18 [72] 
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2.2 Two-dimensional Zn(II) and Cd(II) containing aromatic dicarboxylate 
derivatives CPs 

In 2005, Wen and coworkers [64] successfully synthesized and 
structurally characterized three novel 2D Zn(II) coordination polymers, {[Zn2(2,6-
dipicO)2(4,4'-bpy)2(H2O)2]·3H2O}n (II-19), [Zn(2,6-dipicO)(bix)]n (II-20) and {[Zn(2,6-
dipicO) (bbi) ] ·0. 5H2O}n ( II-21)  when 2,6-dipicOH2 =  pyridine-2,6-dicarboxylic acid         
N-oxide, 4,4'-bpy = 4,4'-bipyridine, bix = 1,4-bis(imidazol-1-ylmethyl)benzene and    
bbi = 1,1'-(1,4-butanediyl)bis(imidazole). The molecular structures of these ligands are 
shown in Figure 2.12(a). These structures were synthesized by hydrothermal method. 
The X-ray diffraction study displays that each Zn(II) center in compound II-19 exhibits 
a distorted octahedron geometry. This compound is an infinite chiral 2D brick     
wall-like layer structure in the ac plane built from achiral components, which is 
composed of {Zn2(2,6-dipicO)2} dimer units and 4,4'-bpy linkages, with 21 helices 
running along the c axis as shown in Figure 2.12(b). The free water molecules are 
included between the layers, and the layers are stacked in an -ABAB- sequence along 
the b axis with strong interlayer hydrogen-bond interactions by the coordinated and 
free water molecules linking the carboxylic acid moieties, thus generating the 
construction of a 3D host-guest network. For compounds II-20 and II-21, each 
crystallographically unique Zn(II) metal center in a less-common distorted trigonal 
bipyramidal geometry, {ZnN2O3}. The fully deprotonated 2,6-dipicO2- anions act as 
effective tridentate bridging ligands linking the Zn(II) centers by monodentate 
carboxylate and N-oxide groups. It is noteworthy that the repetition of the {ZnN2O3} 
metallic structural motif of II-20 generates an infinite 2D herringbone architecture 
extended in the ac plane as presented in Figure 2.12(c). The resulting 2D structure is 
cross-linked by weaker hydrogen-bond interactions between C-H groups from a bix 
ligand and uncoordinated carboxylate or N-oxide oxygen atoms, thus producing a 3D 
supramolecular framework. Interestingly, there is a 34-membered metallocycle in the 
2D layer developed in the ab plane for compound II-21 as displayed in Figure 
2.12(d). Lattice water molecules are also included between the layers, and the 
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relatively weaker Owater-H···N and C-H···Ocarboxylate hydrogen bonds complete the final 
3D supramolecular framework. 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 

Figure 2.12 (a) Molecular structures of 2,6-dipicOH2, bix, bbi and 4,4’-bpy, (b) 2D 
brick-wall-like framework of II-19, (c) 2D herringbone architecture of II-20 and (d) 2D 

herringbone architecture of II-21 [64] 
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In 2006, Wen and coworkers [74] successfully synthesized a novel 2D 
Cd(II) coordination polymer, [Cd2(µ2-OH2)(2,6-dipic)2(bix)]n (II-22) (bix=1,4-bis(imidazol-
1-ylmethyl) benzene) by the reaction of CdCl2·2H2O, 2,6-dipicH2, bix and NaOH in the 
ratio of 1:1:1:2 under hydrothermal condition. The crystal structure of this compound 
has two crystallographically Cd(II) centers, Cd1 is in a distorted pentagonal 
bipyramidal geometry which is completed by one bix nitrogen atom and one 
carboxylate oxygen atom occupying the apical positions, while the basal plane is 
completed by three oxygen atoms and one nitrogen atom from two different       
2,6-dipic2- ligands, as well as one aqua ligand, Cd2 is surrounded by four carboxylate 
oxygen from three inequivalent 2,6-dipic2- ligands, two nitrogens from one 2,6-dipic2-, 
one bix, and one coordinated water molecule, also in a highly distorted pentagonal 
bipyramidal geometry. The 2,6-dipic2- ligand acts as a triconnector by the 
bismonodentate carboxylate and pyridyl N group. Cd1 atoms and Cd2 atoms are 
bridged by three µ2-O bridges from two separate carboxylate moieties and one aqua 
to form dimer units, which are further interconnected by another two carboxylate 
oxygen bridges to generate a 1D chain running along the c axis as shown in Figure 
2.13(a). Progression of the 1D chain via bix along the b axis produces a 2D infinite 
layer framework as illustrated in Figure 2.13(b). The resulting 2D structure is cross-
linked by hydrogen-bond interactions between C-H groups from bix and 
uncoordinated carboxylate oxygen atoms, thus producing a 3D supramolecular 
framework. 
 
 
 
 
 

 
 

Figure 2.13 (a) 1D chain running along the c axis based on 2,6- dipic and Cd ions and 
(b) 2D infinite layer framework extended in the bc plane of II-22 [74] 
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In 2006, Gao and coworkers [65] reported a new 2D Zn(II) coordination 
polymer, {[Zn(4-OH-2,6-dipic)]·H2O}n (II-23) where 4-OH-2,6-dipicH2 = 4-hydroxy-
pyridine-2,6-dicarboxylic acid. This compound was synthesized by the reaction 
mixture of ZnSO4 (0.2 mmol), 4-OH-2,6-dipicH2 (0.2 mmol), H2O and ethanol under 
solvothermal condition. The crystal structure of this compound reveals that the Zn(II) 
ion is five coordinated with a distorted trigonal bipyramidal geometry. Each Zn(II) 
atom are connected together via four 4-OH-2,6-dipic2- molecules to form a 2D grid 
with a (4,4) network, which give two kind of Zn···Zn distances (4.979 and 5.315 Å) as 
shown in Figure 2.14(a). The hydroxyl oxygen atoms in 4-OH-2,6-dipic2- do not 
coordinate to the Zn(II) centers, which direct the formation of hydrogen bonds with 
water molecules. The hydrogen bonds between carboxylate O atoms or OH groups 
and water molecules connect the 2D coordination sheets to form a 3D 
supramolecular structure. The 2D coordination sheets pack in an ABAB sequence 
along the c axis with channels of the approximated dimensions 5 x 5 Å2. Moreover, 
the solid state luminescence property of this compound was investigated. The PL 
spectrum of this compound exhibited the strong fluorescent emission spectrum at 
543 nm while excitation at 388 nm as presented in Figure 2.14(b).  

 
 
 
 
 
 
 

 
 

 
 

Figure 2.14 (a) 2D (4,4) net linked via carboxylate groups along the c axis 
and (b) excitation and emission spectra in the solid state of II-23 (green) [65] 

II-23 

(a) (b) 
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In 2010, He and coworkers [75] successfully synthesized and crystal 
structure studied a new 2D Zn(II) coordination polymer, [Zn(BITMB)(1,3-bdc)·3H2O]n  
( II-24) (where BITMB=1,3-bis( imidazol-1-ylmethyl)-2,4,6-trimethylbenzene and        
1,3-bdcH2 = 1,3-benzenedicarboxylic acid), by the reaction mixture of Zn(NO3)2·6H2O, 
1,3-bdcH2, BITMB, DMF, EtOH and H2O under solvothermal condition. The molecular 
structure of BITMB is shown in Figure 2.15(a). The result shows that the central Zn(II) 
ion adopts a tetrahedral geometry and is coordinated by two oxygen atoms from 
different 1,3-bdc2- ligands and two nitrogen atoms from different BITMB ligands. Two 
BITMB ligands link two Zn(II) ions to generate a 24-membered macrometallocycle. 
Both carboxylate groups of 1,3-bdc2- adopts a bidentate bridging mode to link two 
Zn(II) ions. Thus, every 1,3-bdc2- ligand links two macrometallocycle subunits and 
each macrometallocycle subunit attaches to four 1,3-bdc2- ligands, resulting to the 
formation of a 2D layer as presented in Figure 2.15(b). Furthermore, the solid state 
luminescence property of this compound was carried out. The PL spectrum of this 
compound exhibited the strong fluorescent emission spectrum at 460 and 548 nm 
while excitation at 250 nm as shown in Figure 2.15(c).  

 
 

 
 
 
 
 
 
 
 
 

 
Figure 2.15 (a) Molecular structure of BITMB, (b) 2D layer and (c) solid-state emission 

spectrum of II-24 [75] 

(a) 

(b) 
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In 2010, Liu and coworkers [67] reported three new 2D Zn(II) coordination 
polymers, [Zn2(1,4-bdc)2(L

1)(H2O)2]n (II-25), [Zn2(1,3-bdc)2(L
2)]·2.25H2O   (II-26) and 

[Zn2( 1,4-bdc) 2( L
2) ] ·CH3OH ( II-27)  where L1 =  1,1'-( 1,4-butanediyl)bis[ 2-( 2-

pyridyl)benzimidazole], L2 = 1,1'-(1,6-hexanediyl)bis[2-(2-pyridyl)benzimidazole]. The 
molecular structures of L1 and L2 are shown in Figure 2.16(a). These compounds 
were synthesized by solvothermal method in the presence of water and methanol. 
Their crystal structures have been studied. The results exhibit that the Zn(II) center in 
compound II-25 is five coordinated with a trigonal bipyramidal geometry. The 
carboxylate groups of the 1,4-bdc2- anion exhibit the bis-monodentate coordination 
mode. In this mode, the 1,4-bdc2- anions link the Zn(II) ions to give a 1D zigzag chain. 
The adjacent chains are further bridged by L2 ligands to form a 2D layer as shown in 
Figure 2.16(b). For compound II-26, the Zn(II) center displays a distorted tetrahedral 
geometry. Each 1,3-bdc2- coordinates to two Zn(II) ions with two carboxylate groups 
adopting bis-monodentate coordination modes. The adjacent Zn(II) atoms are 
bridged by the 1,3-bdc2- ligands to form 1D chains, which are further connected by L2 
ligands to generate a 2D wave-like layer as presented in Figure 2.16(c). For compound 
II-27, the Zn(II) atom shows an octahedral coordination geometry with [ZnO4N2]. The   
1,4-bdc2- anions bridge adjacent Zn(II) atoms in the bidentate chelating modes to 
generate a 1D zigzag chain, which is further connected by L2 ligands to form a 2D 
(6,3) sheet as illustrated in Figure 2.16(d). 

In 2011, Ma and coworkers [68] successfully synthesized Zn(II) and Cd(II) 
coordination polymers, {[Zn2(5-Br-1,3-bdc)2(4,4'-bpy)(H2O)]·2H2O}n (II-28) and {[Cd(4-Br-
1,3-bdc)(bpp)]}n (II-29) by hydrothermal reactions based on 4-bromo- or 5-bromo-1,3-
benzenedicarboxylic acid (4-Br-1,3-bdcH2 or 5-Br-1,3-bdcH2) and different dipyridyl 
types co-ligands, 4,4'-bipyridyl (4,4'-bpy) and 1,3-di(4-pyridyl)propane (bpp). The 
molecular structures of these ligands are shown in Figure 2.17(a). Their crystal 
structures were studied. The results exhibit that the Zn(II) center in compound II-28 
is four coordinated with a tetragonal geometry. Each Zn(II) ions are bridged by the   
5-Br-1,3-bdc2- ligands to form a 1D chain and such 1D chains are further linked by the 
4,4'-bpy ligand via Zn-N coordination bonds, generating a 2D (6,3) network as shown 
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in Figure 2.17(b). For compound II-29, the Cd(II) center is six-coordinated, adopting a 
slightly distorted octahedral geometry. The 4-Br-1,3-bdc2- ligands link the Cd(II) ions, 
generating a 1D chain. Each 1D chains are further connected via the bpp ligands to 
produce a 2D layer, which can be classified as a (3.5)-connected network with (42·6) 
(42·67·8) topology as presented in Figure 2.17(c). 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Figure 2.16 (a) Molecular structures of L1 and L2, (b) view of the 2D layer of  
II-25, (c) view of the 2D wave-like sheet structure of II-26 and (d) view of the 

2D sheet structure of II-27 [67] 
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Figure 2.17 (a) Molecular structures of bpp, 4,4'-bpy, 5-Br-1,3-bdcH2 and 4-Br-1,3-
bdcH2, (b) view of the 2D layer of II-28 and (c) view of the 2D layer of II-29 [68] 

 
In 2012, Cheng and coworkers [51] reported four new 2D Zn(II) and Cd(II) 

coordination polymers containing the flexible dipyridyl amide and the rigid 
dicarboxylate ligands, [Zn2(1,3-bdc)2(L

2)(H2O)2]n (II-30), [Zn2(1,4-bdc)2(L
1)(H2O)2]n (II-31), 

{[Cd(1,2-bdc)(L2)(H2O)]·H2O}n (II-32) and [Cd2(1,4-bdc)2(L
1)(H2O)2]n (II-33), When L1 = 

N,N'-di(2-pyridyl) adipoamide and L2 = N,N'-di(3-pyridyl) adipoamide. The molecular 
structures of L1 and L2 are shown in Figure 2.18(a). These compounds were 
synthesized by hydrothermal method. Their crystal structures have been studied. 
The results show that the Zn(II) center in compound II-30 is four coordinated with a 
distorted tetrahedral geometry. Each Zn(II) ions are bridged by the L1 and 1,3-bdc2− 

(a) 

(b) (c) 
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ligands to generate highly undulated 2D hexagonal (hcb) layers, which are equivalent 
and are composed of 62-membered metallocycles as presented in Figure 2.18(b). For 
compound II-31, Zn(II) center is five coordinated with a distorted square pyramidal 
geometry. Each Zn(II) ions are bridged by the L1 and 1,4-bdc2− ligands to form planar 
2D hexagonal nets (hcb) as shown in Figure 2.18(c). The 2D nets are also 
interconnected by the hydrogen bonds between the N-H groups of L1 ligands and 
carboxylate oxygen of 1,4-bdc2− ligands. For compound II-32, Cd(II) center is seven 
coordinated with a distorted pentagonal bipyramidal geometry. The Cd(II) ions are 
bridged by the L2 and the 1,2-bdc2− to form 2D pleated layer with loops as 
illustrated in Figure 2.18(d). The 2D nets are further connected by the hydrogen 
bonds between the N-H groups of L2 ligands and carboxyl oxygen of 1,2-bdc2− 
ligands. For compound II-33, Cd(II) center is six coordinated with a distorted 
octahedral geometry. The Cd(II) ions are bridged by the L1 and 1,4-bdc2− ligands to 
form pleated 2D hexagonal nets (hcb) as shown in Figure 2.18(e). The 2D nets are 
also interconnected by the hydrogen bonding interactions between the N-H groups 
of L1 ligands and carboxyl oxygen of 1,4-bdc2− ligands. Moreover, the solid state 
luminescence property of these compounds was investigated. The PL spectra of 
these compounds showed the fluorescent emission spectra at 398, 392, 414 and 387 
nm after excitation at 339, 340, 328 and 335 nm for compounds II-30, II-31, II-32 and 
II-33, respectively. 

In 2013, Zhang and coworkers [76] reported three new 2D Zn(II) and Cd(II) 
coordination polymers, [Zn(5-OH-1,3-bdc)(btb)]·2H2O (II-34), [Cd(5-OH-1,3-
bdc)(btp)(H2O)]·3H2O (II-35) and [Cd(5-OH-1,3-bdc)(bth)2(H2O)]·H2O (II-36) when btb = 
1,4-bis(1,2,4-triazol-1-yl)butane, btp = 1,3-bis(1,2,4-triazol-1-yl)propane, bth = 1,6-
bis(1,2,4-triazol-1-yl)hexane (Figure 2.19(a)) and 5-OH-1,3-bdcH2 = 5-hydroxy-1,3-
benzenedicarboxylic acid. These compounds were synthesized by hydrothermal 
method. Their crystal structures have been studied. The Zn(II) center of compound 
II-34 is five coordinated with a distorted bipyrimidal coordination geometry. Each 5-
OH-1,3-bdc2- ligand acts as a binode in which one carboxylate group is chelating 
while the other carboxylate group shows monodentate mode, bridging two Zn(II) 
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atoms in (k1)-(k2)-µ2 mode. Each Zn(II) is coordinated by two btb and two 5-OH-1,3-
bdc2- ligands to form a neutral undulated 2D (4,4) network as shown in Figure 2.19(b). 
For compound II-35, Cd(II) ion is eight coordinated and exhibits a distorted 
pentagonal bipyramidal coordination geometry. Four Cd(II) atoms, two btp, and two 
5-OH-bdc2- ligands generate a [Cd4(btp)2(5-OH-1,3-bdc)2] unit and extend to form an 
undulated 2D (4,4) network as presented in Figure 2.19(c). For compound II-36, 
seven-coordinated Cd(II) ion is coordinated by five O atoms from two 5-OH-1,3-bdc2- 
ligands and one coordinated water, two N atoms from two bth ligands and displays a 
distorted pentagonal bipyramidal coordination geometry. The ligand 5-OH-1,3-bdc2- 
shows the bischelating coordination mode, generating a 2D undulated (4,4) net in 
“ABAB” packing fashion as shown in Figure 2.19(d). Furthermore, compound II-34 and 
II-35 show reversible dehydration-rehydration behaviors with an exposure to water 
vapor at ambient temperature, indicating their possible potential uses as water 
absorbents.  

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2.18 (a) Molecular structures of L1 and L2, (b) view of the 2D hexagonal nets 
of II-30, (c) view of the 2D hexagonal nets of II-31, (d) pleated 2D net of II-32 and   

(e) pleated 2D hexagonal net of II-33 [51] 
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Figure 2.18 (a) Molecular structures of L1 and L2, (b) view of the 2D hexagonal nets 
of II-30, (c) view of the 2D hexagonal nets of II-31, (d) pleated 2D net of II-32 and   

(e) pleated 2D hexagonal net of II-33 (cont.) [51] 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.19 (a) Molecular structures of btb, btp and bth ligands, (b) view of the 
undulated 2D (4,4) network of II-34, (c) view of the undulated 2D (4,4) network of    

II-35 and (d) view of the undulated 2D (4,4) network of II-36 [76] 
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In 2014, Zhang and coworkers [77] reported a new 2D Zn(II) coordination 
polymer, {[Zn(L1)(1,3-bdc)]}n (II-37), when L1 = 4,4′-(2,5-dimethoxy-1,4-phenylene). The 
molecular structure of L1 is shown in Figure 2.20(a). This compound was synthesized 
by the reaction mixture of Zn(NO3)2·6H2O, L1, 1,3-bdcH2, H2O and DMF under 
solvothermal condition. The crystal structure has been studied. The results show 
that Zn(II) center is six-coordinated by four carboxylate oxygen atoms from three 
different 1,3-bdc2- ligands and two nitrogen atoms belonging to two L1 ligands. Two 
carboxyl groups of 1,3-bdc2- adopt two different coordination modes, one adopts 
bidentate bridging mode to combine two Zn(II) ions, the other adopts bidentate 
chelating mode to connect one Zn(II) ion. The 1,3-bdc2- ligands link the Zn(II) ions to 
form a 1D chain. Each 1D chain is further extended via L1 ligands from nearly 
perpendicular direction to furnish a 2D layer. From a topological perspective, the 2D 
layers can be simplified to (4,4) connected sql nets with point symbol {44·62} as 
shown in Figure 2.20(b). In addition, the solid state luminescence property of this 
compound was investigated. As shown in Figure 2.20(c), the PL spectrum of this 
compound exhibited the fluorescent emission spectrum at 420 nm while excitation 
at 350 nm. 

 
 
 
 
 
 
 
 
 
 

Figure 2.20 (a) Molecular structures of L1 ligand, (b) polyhedral view of a single 2D 
coordination network along [101] plane and (c) solid state PL spectrum of II-37 (red 

line) [77] 
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II-37 

Ref. code: 25605809040032YZR



50 
 

 

In 2016, Tripathi and coworkers [72] reported two new 2D Zn(II) 
coordination polymers, {[Zn(pyim2) (1,2-bdc) ] ·(DMF) ·(MeOH)}n ( II-38)  and 
{[Zn(pyim2)(1,4-bdc)]·(DMF)}n (II-39), when pyim2 = 2,6-bis(imidazol-1-yl)pyridine 
(Figure 2.21(a)). These compounds were synthesized by the reaction mixture of 
Zn(NO3)2·6H2O, 1,2-bdcH2, pyim2, MeOH and DMF at room temperature. Structural 
analysis reveals that compound II-38 consists of a tetrahedral Zn(II) ion with a 
ZnN2O2 unit coordinated by two oxygen atoms from two different 1,2-bdc2- units in 
the monodentate η

1 mode and two imidazole nitrogen atoms from two distinct 
pyim2 ligands. The 1,2-bdc2- and pyim2 ligands are further connected to two different 
Zn(II) units, generate a tetrameric 36-membered macrocycle. This macrocycle is 
further coordinated to another macrocycle, leading to a 2D herringbone pleated 
architecture as presented in Figure 2.21(b). For compound II-39, Zn(II) center is four 
coordinated with tetrahedral geometry. The 1,4-bdc2- and pyim2 ligands are further 
connected to two different Zn(II) ions, forming a tetrameric 40-membered 
macrocycle which is further coordinated to another macrocycle leading to a 2D 
parallel pleated network. The 2D network is composed of left-handed 1D helical 
chains of pyim2 ligands running along the c axis, which are further connected to 1D 
zigzag chains of 1,4-bdc2- ligands running along the b axis and both the 1D chains 
(helical and zigzag) are oriented perpendicular to each other, resulting in the grid 
network as shown in Figure 2.21(c). The adjacent 2D bilayers are further connected 
through π-π and CH···O interactions forming a 3D supramolecular framework which 
shows stacking of parallel pleats in an ABAB fashion. Moreover, the solid state 
luminescence property of both compounds was studied. As presented in Figure 
2.21(d), the PL spectra of these compounds exhibited the fluorescent emission 
spectrum at 398 and 390 nm while excitation at 290 and 320 nm for compound II-38 
and II-39, respectively. 
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Figure 2.21 (a) Molecular structure of pyim2 ligand, (b) 2D CP with herringbone 
pleated network in II-38 showing the 4-connected uninodal net, (c) 2D CP with 

perpendicular orientation 1D left-handed helix of pyim2 ligands (green color) and 1D 
zigzag chain of 1,4-bdc2- ligands (pink color) in II-39 and (d) solid state PL spectra of 

pyim2, II-38 and II-39 [72] 
 

In 2017, Croitor and coworkers [73] reported two 2D isostructure 
coordination polymers, {[M(1,4-bdc)(4-pyao)2]·DMF}n for M = Zn(II), Cd(II) (II-40 and II-
41) when 4-pyao = pyridine-4-aldoxime (Figure 2.22(a)). These compounds were 
synthesized by the reaction mixture of M(CH3COO)2, 1,4-bdcH2, 4-pyao, MeOH and 
DMF at room temperature. Their crystal structures have been determined by single 
crystal X-ray diffraction. The results shows that the binuclear metal clusters 
{M2(COO)2} represent the secondary building unit (SBU) in these compounds. Each 
metal atom is six coordinated with a N2O4 distorted octahedral geometry.            

pyim2 
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The 1,4-bdc2- linker shows two bridging modes, namely syn,syn-bidentate-bridging 
within the cluster and bis-monodentate between the clusters. Each 1,4-bdc2- residue 
bridges three Zn(II) atoms. Considering the binuclear unit as a single coordination 
node in the coordination layer, the 2D coordination network has the (3,4) sql 
topology as shown in Figure 2.22(b). It is extended parallel to the ab crystallographic 
plane to form square windows with the linear dimensions 15.443 x 15.443 Å in II-40 
and 15.925 x 15.925 Å in II-41. In addition, the solid state luminescence property of 
both compounds was carried out. In Figure 2.22(c), the solid state PL spectra of these 
compounds exhibited the fluorescent emission spectra at 404 and 377 nm after 
excitation at 337 nm for compound II-40 and II-41, respectively. 

 
 

 
 
 

 
 

 
 
 
 
 

 
 

Figure 2.22 (a) Molecular structure of 4-pyao ligand, (b) fragment of the (4,4)-
coordination layer in II-40 and (c) solid state PL spectra of II-40 and II-41 [73] 
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2.3 Three-dimensional Zn(II) and Cd(II) containing aromatic dicarboxylate 
derivatives CPs 

In 2005, Wen and coworkers [64] reported a new 3D Cd(II) coordination 
polymers, {[Cd(2,6-dipicO)(bix)1.5]·1.5H2O}n (II-42), when dipicOH2 = pyridine-2,6-
dicarboxylic acid N-oxide and bix = 1,4-bis(imidazole-1-ylmethyl) benzene. The 
molecular structure of bix is shown in Figure 2.23(a). This compound was synthesized 
by the reaction of CdCl2·2H2O, 2,6-dipicOH2 and bix in the ratio of 1:1:1 under 
hydrothermal condition. The crystal structure has been studied. The geometry of 
Cd(II) atom shows a distorted hexagonal configuration with a N3O3 unit. The structure 
consists of a 1D wave-like structure with a period equal to the c axis, which is 
constructed from cis-bix and 2,6-dipicO2- ligands. The 1D structure is further 
connected along a and b axis with the bidentate trans-bix spacers occupying the 
void spaces, generating a 3D porous framework as shown in Figure 2.23(b).  
Interestingly, the presence of large free voids in the single framework results in the 
formation of interpenetrations. The channels of II-42 are filled by another identical 
framework in a typical 2-fold interpenetration fashion, displaced by the usual half of 
the length of the unit as presented in Figure 2.23(c). Furthermore, the solid state PL 
spectrum of this compound showed the fluorescent emission spectrum at 418 nm 
after excitation at 342 nm.  

 

 

  
 

 
 
 

 
 

Figure 2.23 (a) Molecular structures of bix and 2,6-dipicOH2 ligands, (b) 
packing of the adjacent framework along the c axis and (c) topological view of the 

two interpenetrating nets in II-42 [64] 
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In 2010, He and coworkers [75] reported a new 3D Zn(II) coordination 
polymers, [Zn2(BITMB)2(1,3-bdcH)2(1,3-bdc)·H2O]n (II-43), when BITMB = 1,3-
bis(imidazol-1-ylmethyl)-2,4,6-trimethylbenzene (Figure 2.24(a)). This compound was 
synthesized by the reaction of Zn(NO3)2·6H2O, 1,3-bdcH2 and BITMB in the ratio of 
3:3:1 with mixed solvents of H2O, EtOH and DMF under the solvothermal condition. 
Single crystal X-ray diffraction reveals that compound II-43 is a 3D porous framework 
based on 1D Zn-BITMB chains. Each Zn(II) ion (Zn1, Zn2, and Zn3) adopts a 
tetrahedral geometry. Zn1, Zn2, and Zn3 ions are connected by BITMB ligands to 
form two similar 1D zigzag chains. The zigzag chains run in opposite directions along 
the b axis. These chains are further connected by the 1,3-bdc2- ligands through 
monodentate carboxylate groups coordinating to Zn1 and Zn2, resulting in the 
formation of a 2D layer. Each 2D layers are further linked by 1,3-bdc2- ligands via the 
monodentate carboxylate group coordinating to Zn3 ions to complete the 
tetrahedral geometry of Zn3, producing a 3D porous framework along the a axis as 
shown in Figure 2.24(b). Moreover, the solid state luminescence property of this 
compound was studied. In Figure 2.24(c), the solid state PL spectrum of this 
compound exhibited the fluorescent emission spectrum at 460 nm while excitation 
at 250 nm. 
 
 
 
 
 
 
 
 
 

 
Figure 2.24 (a) Molecular structure of BITMB ligand, (b) 3D porous framework and    

(c) solid state PL spectrum of II-43 [75] 
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In 2010, Liu and coworkers [67] reported two new 3D Zn(II) coordination 
polymers, [Zn2(1,3-bdc)2(L

3)]·2H2O (II-44) and [Zn2(1,4-bdc)2(L
3)]·2CH3OH (II-45) when 

L3 = 1,1'-(1,10-decanediyl)bis[2-(2-pyridyl)benzimidazole]  (Figure 2.25(a)) .  These 
compounds were synthesized by the reaction mixture of Zn(COO)2·2H2O, L3,         
1,3-bdcH2 or 1,4-bdcH2, with mixed solvents of H2O and MeOH under solvothermal 
condition. Their structures have been investigated. The results show that compounds 
II-44 and II-45 show 2-fold interpenetrating 3D network structures. For compound II-
44, Zn(II) center is five coordinated with square-pyramidal geometry. Each 1,3-bdc2- 
anion coordinates to three Zn(II) atoms in the monodentate and bidentate bridging 
coordination modes. Two adjacent Zn(II) ions are connected together via bidentate 
bridging carboxylate groups of two 1,3-bdc2- anions. As a result, two Zn(II) ions and 
two carboxylate groups constitute a bimetallic [Zn2(CO2)2] unit. Each bimetallic unit 
links four 1,3-bdc2- anions and in turn each 1,3-bdc2- anion links two bimetallic units 
to give a 2D sheet. The L3 ligands bridge the adjacent sheets in the bidentate 
chelating coordination mode to form a 3D structure as shown in Figure 2.25(b). For 
compound II-45, Zn(II) center is five coordinated, displaying a distorted square 
pyramidal geometry. A part of 1,4-bdc2- anions link the adjacent Zn(II) atoms with the 
bidentate bridging modes to give a 1D chain structure. In this chain, there are the 
bimetallic [Zn2(CO2)2] units. Furthermore, these chains are connected by another part 
of the 1,4-bdc2- anions with the bis-monodentate modes to form a 2D polymeric 
sheet. The 3D framework of II-45 is shown in Figure 2.25(c). The packing modes of 
compounds II-44 and II-45 are very similar. In addition, the solid state PL spectra of 
both compounds showed the fluorescent emission spectra at 415 and 405 nm while 
excitation at 356 and 355 nm for compound II-44 and II-45, respectively. 
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Figure 2.25 (a) Molecular structure of L3 ligand, (b) view of the 2-fold interpenetrating 
framework of II-44, (c) view of the α-Po network of II-45 and (d) solid state PL spectra 

of II-44 and II-45 [67]  
 

In 2011, Ma and coworkers [68] reported new 3D Zn(II) and Cd(II) 
coordination polymers, {[Cd(5-Br-1,3-bdc)(bpp)(H2O)]}n (II-46), {[Zn(5-Br-1,3-bdc)(bpe)]}n 
(II-47) and {[Zn2(4-Br-1,3-bdc)2(bpy)] ·H2O}n (II-48) , when bpp = 1,3-di(4-
pyridyl)propane, bpe = 1,2-di(4-pyridyl)ethane and 4,4'-bpy = 4,4'-bipyridyl. The 
molecular structures of these ligands are shown in Figure 2.26(a). These compounds 
were prepared by reaction mixtures of M(COO)2·2H2O, Br-1,3-bdcH2 and different 
dipyridyl-type coligands under hydrothermal condition. Single crystal X-ray diffraction 
reveals that Cd(II) center in compound II-46 is six-coordinated, displaying a distorted 
octahedral geometry. Each Cd(II) ions are linked by the 5-Br-1,3-bdc2- ligands to form 

(d) 

(a) (b) 

(c) 

II-44 

II-45 
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a 1D zigzag chain. Furthermore, these 1D chains are connected by the exobidentate 
bpp bridges to form a 2-fold interpenetrating 3D framework with the diamond-like 
topology as shown in Figure 2.26(b). For compound II-47, Zn(II) center is four-
coordinated with tetrahedral geometry. Each 5-Br-1,3-bdc2- ligand links the adjacent 
Zn(II) ions to form left-handed and right-handed helical chains. The bpe ligands 
further connect the 1D chain to form a 3D network as presented in Figure 2.26(c). For 
compound II-48, Zn(II) center is four-coordinated, showing a tetrahedral geometry. 
The Zn(II) ions are bridged by the 4-Br-1,3-bdc2- ligands to give rise to a 2D network 
with 4·82 topology. The 2D layers are further connected by the bpy ligands to 
construct a 3D pillar-layered framework as shown in Figure 2.26(d). 
 

  
 

 
 

 
 
 
 
 
 
 
 

Figure 2.26 (a) Molecular structures of bpy, bpe and bpp ligands, (b) 2-fold 
interpenetrating diamond framework of II-46, (c) 3-fold interpenetrating architecture 

of II-47 and (d) (3,4)-connected (4·82) (4·82·103) topology of II-48 [68] 
 

In 2012, Cheng and coworkers [51] reported a new 3D Cd(II) coordination 
polymers, {[Cd2(1,4-bdc)2(L

2)2]·(H2O)3}n (II-49), when L2 = N,N'-di(3-pyridyl)adipoamide 
(Figure 2.27(a)). This compound was synthesized by the reaction of 
Cd(CH3COO)2·2H2O, 1,4-bdcH2 and L2 in the ratio of 1:1:1 under hydrothermal 

(a) 

(b) (c) (d) 
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condition. Their structures have been investigated. The results show that Cd(II) ions is 
six-coordinated, showing a distorted octahedral geometry. Each Cd(II) ions are bridged 
by 1,4-bdc2- ligands to generate 2D nets, which are also connected to each other via 
the pyridyl nitrogen atoms of L2 ligands to form a 3D coordination network as shown 
in Figure 2.27(b). Moreover, the solid state PL spectrum of this compound exhibited 
the fluorescent emission spectrum at 385 nm while excitation at 325 nm. 
 
 
 
 
 
 
 

Figure 2.27 (a) Molecular structure of L2 ligand and (b) 3D framework of II-49 [51] 
 

In 2012, Hu and coworkers [78] reported a new 3D Zn(II) coordination 
polymer, {[Zn2(TPOM)(5-OH-1,3-bdc)2]·(DMF)(H2O)2}n (II-50), when    TPOM = tetrakis(4-
pyridyloxymethylene)methane (Figure 2.289a)). This compound was synthesized by 
the reaction of Zn(NO3)2·6H2O, 5-OH-bdcH2 and TPOM in the ratio of 2:2:1 with mixed 
solvents of H2O and DMF under solvothermal condition. The crystal structure has 
been investigated. The results show that Zn(II) ions are four-coordinated and reside in 
the distorted tetrahedral coordination environment. Each tetrahedral Zn(II) atom 
coordinates to TPOM ligands to generate an infinitely wave-like 2D network along the 
a axis. The 5-OH-bdc2- anions connect two Zn(II) atoms belonging to different 2D 
networks to create a 3D framework as shown in Figure 2.28(b). In addition, the 
electrical hysteresis loop of II-50 was recorded at room temperature. As presented in 
Figure 2.28(c), the remnant electric polarization (Pr) is 0.052 µC/cm2 and electric 
coercive field (Ec) is 5.755 kV/cm, respectively; saturation of the spontaneous 
polarization (Ps) is ca. 0.451 µC/cm2. 

 

(a) (b) 
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Figure 2.28 (a) Molecular structure of TPOM ligand, (b) 3D framework of II-50 and  

(c) electric hysteresis loop of II-50 at room temperature [78] 
 

In 2013, Lin and coworkers [79] reported a new 3D Cd(II) coordination 
polymer, {Cd2.5(4-OH-2,6-dipic)(4-OH-2,6-Hdipic)(H2O)7·1.5H2O}n (II-51), when 4-OH-2,6-
dipicH2 = 4-hydroxy-2,6-pyridinedicarboxylic acid (Figure 2.29(a)). This compound was 
synthesized by the reaction of CdCl2·2.5H2O and 4-OH-2,6-dipicH2 at 50 °C, along with 
little of ammonia added dropwise. The crystal structure has been studied. The 
results show that Cd1 and Cd2 atoms are both seven-coordinated with distorted 
pentagonal-bipyramidal geometry, while Cd3 is six-coordinated with a distorted 
octahedral geometry. All Cd(II) centers are bridged by carboxylate O atoms to form 
2D layers, which are further linked by hydroxyl O atoms to form the 3D framework as 
shown in Figure 2.29(b). Furthermore, the solid state luminescence property of this 
compound was studied. As presented in Figure 2.29(c), the PL spectrum of this 

(a) (b) 

(c) 
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compound illustrated the fluorescent emission spectrum at 469 nm upon excitation 
at 370 nm. 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 2.29 (a) Molecular structure of 4-OH-2,6-dipicH2 ligand, (b) 3D framework of   
II-51 and (c) solid state PL spectra of 4-OH-2,6-dipicH2 and II-51 [79] 

 
In 2014, Paraschiv and coworkers [70] reported two new 3D Zn(II) 

coordination polymers, {[Zn5(Htea2(1,3-bdc) 3(H2O) ] ·2.6H2O}n ( II-52)  and 
[Zn3(H2dea)2(1,4-bdc)3]n (II-53), when  H3tea = triethanolamine and H2dea = 
diethanolamine. The molecular structures of these ligands are shown in Figure 

(a) (b) 

II-51 

4-OH-2,6-dipicH2 

(c) 

4-OH-2,6-dipicH2 
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2.30(a). These compounds were synthesized by the reaction mixtures of 
Zn(NO3)2·6H2O, 1,3- or 1,4-bdcH2 and H3tea or H2dea with mixed solvents of Et3N and 
MeOH under solvothermal condition. Single crystal X-ray diffraction exhibits that 
compound II-52 consists of five crystallographically independent Zn(II) ions. The 
formation of a zigzag chain, which construct by alternating {Zn3} and {Zn2} secondary 
building units (SBUs), involving Zn1, Zn2, and Zn3 atoms and Zn4 and Zn5 atoms, 
respectively. The binuclear and trinuclear SBUs are alternately linked by alkoxo 
bridges into helicoidal chains running along a axis. Each Htea2- ligand acts as a bridge 
between three Zn(II) atoms. Both right-handed (P) and left-handed (M) helices are 
present in the crystal, and they are alternately interconnected by pairs of 
dicarboxylato bridges, forming in a 3D porous network as shown in Figure 2.30(b). For 
compound II-53, the central Zn1 atom is six coordinated with a nearly perfect 
octahedral geometry. The H2dea molecule is not deprotonated and coordinates as a 
bidentate chelating ligand toward Zn2 ions via the nitrogen atom and one oxygen 
atom, while the other OH group remains uncoordinated. Two of the carboxylato 
groups act as bridges in the µ2-η

1:η1 syn-syn mode, while the other one coordinates 
in a bridging-chelating µ2-η

1:η2 fashion. The geometry of Zn2 atoms is a distorted 
octahedron. The 1,4-bdc2- anions link the {Zn3(H2dea)2}

6+ nodes into a 3D network as 
presented in Figure 2.30(c). Furthermore, compound II-52 was tested as 
photocatalyst in the photo oxidations reactions of phenol and benzylamine. The 
results suggest that compound II-52 proved to be active in the selective photo 
oxidation of phenol to form hydroquinone and benzylamine to form                      
N-benzylidenebenzylamine. 
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Figure 2.30 (a) Molecular structures of H3tea and H2dea ligands, (b) 3D 
framework of II-52 and (c) 3D framework of II-53 [70] 

 
 
 
 
 
 
 
 
 
 
 
 
 

(a) 

(b) (c) 
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a 

b b 

c 

a 

Ref. code: 25605809040032YZR



63 
 

 

 

Table 2.1 Summary of previous studies of 1D Zn(II) and Cd(II) containing aromatic dicarboxylate derivatives CPs 
 

Year Empirical formula 
Synthetic 
method 

Aromatic 
dicarboxylate 

derivative 
Co-ligand Topology [Ref.] 

2005 [Zn(2,6-dipicO)(H2O)2]n Hydrothermal 

 

 

- 1D helical chain [64] 

2006 {[Zn(2,6-dipic)(H2O)1.5]}n Solvothermal 
 

- 1D zigzag chain [65] 

2007 [Cd2(2,6-dipic)2(CH3OH)2(H2O)]n 
Layer 

diffusion 
 

- 1D chain [66] 

2010 [Zn2(1,3-bdc)2(L
1)]·2H2O Solvothermal 

  

1D double chain [67] 

63 
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Table 2.1 Summary of previous studies of 1D Zn(II) and Cd(II) containing aromatic dicarboxylate derivatives CPs (cont.) 
 

Year Empirical formula 
Synthetic 
method 

Aromatic 
dicarboxylate 

derivative 
Co-ligand Topology Ref. 

2011 
[Zn(5-Br-1,3-bdc)(bpa)(H2O)]n 
[Zn(4-Br-1,3-bdc)(bpa)(H2O)]n 

Hydrothermal  

 
 

 
1D ladder chain [68] 

2012 
[Zn(1,2-bdc)(L2)]n 
{[Zn2(1,2-bdc)2(L

3)(H2O)2]·2H2O}n 

[Cd2(1,3-bdc)2(L
2)(H2O)4] 

Hydrothermal 

  

1D double-
looped chain,  
1D chains with 
loops and 1D 
ladder chain 

[51] 

64 
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Table 2.1 Summary of previous studies of 1D Zn(II) and Cd(II) containing aromatic dicarboxylate derivatives CPs (cont.) 
 

Year Empirical formula 
Synthetic 
method 

Aromatic 
dicarboxylate 

derivative 
Co-ligand Topology Ref. 

2013 [Cd(2,6-dipic)(H2O)1.5]n 
Direct 

method 
 

- 1D helical chain [69] 

2014 
[Zn2(Htea)2(1,2-bdc)]n 

[Zn(H3tris)(1,3-bdc)(CH3OH)]n 
Solvothermal 

  

1D zigzag chain 
1D linear chain 

[70] 

2015 
[Cd2(2,6-dipic)2(H2O)3]n 

{[Cd2(4-OH-2,6-dipic)2(H2O)4]·3H2O}n 
Hydrothermal 

 

- 
1D chain 
1D chain 

[71] 

65 
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Table 2.1 Summary of previous studies of 1D Zn(II) and Cd(II) containing aromatic dicarboxylate derivatives CPs (cont.) 
 

Year Empirical formula 
Synthetic 
method 

Aromatic 
dicarboxylate 

derivative 
Co-ligand Topology Ref. 

2016 
{[Zn2(pyim2)2(1,3-bdc)2]·(DMF)4}n 
{[Cd(pyim2)(1,4-bdc)(H2O)]·(H2O)2}n 

Layers 
diffusion  

 

 

1D chain 
1D chain 

[72] 

2017 
{[Cd(1,3-bdc)(4-pyao)(H2O)2]·DMF·H2O}n 
{[Cd(1,4-bdc)(4-pyao)2- (H2O)]·DMF}n 

Direct 
method 

 

 

1D translational 
chain and 
1D zigzag chain 

[73] 

 

66 
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Table 2.2 Summary of previous studies of 2D Zn(II) and Cd(II) containing aromatic dicarboxylate derivatives CPs  
 

Year Empirical formula 
Synthetic 
method 

Aromatic 
dicarboxylate 

derivative 
Co-ligand Topology Ref. 

2005 
 {[Zn2(2,6-dipicO)2(4,4'-bpy)2(H2O)2]·3H2O}n 
 [Zn(2,6-dipicO)(bix)]n 
 {[Zn(2,6-dipicO)(bbi)]·0.5H2O}n 

Hydrothermal 
 

 
 

 

2D brick-wall-like 
structure,  
2D herringbone 
structure and 
2D herringbone 
structure 

[64] 

2006 [Cd2(µ2-OH2)(2,6-dipic)2(bix)]n Hydrothermal 
 

 
2D structure [74] 

2006 {[Zn(4-OH-2,6-dipic)]·H2O}n Solvothermal 

 

- 2D (4,4) net  [65] 

67 
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Table 2.2 Summary of previous studies of 2D Zn(II) and Cd(II) containing aromatic dicarboxylate derivatives CPs (cont.)  
 

Year Empirical formula 
Synthetic 
method 

Aromatic 
dicarboxylate 

derivative 
Co-ligand Topology Ref. 

2010 [Zn(BITMB)(1,3-bdc)·3H2O]n Solvothermal 
  

2D structure [75] 

2010 
 [Zn2(1,4-bdc)2(L

1)(H2O)2]n 
 [Zn2(1,3-bdc)2(L

2)]·2.25H2O 
 [Zn2(1,4-bdc)2(L

2)]·CH3OH 
Solvothermal 

 
 

 

 

 

2D layer structure, 
2D wavelike sheet 
structure and 
2D sheet structure 

[67] 

68 
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Table 2.2 Summary of previous studies of 2D Zn(II) and Cd(II) containing aromatic dicarboxylate derivatives CPs (cont.)  
 

Year Empirical formula 
Synthetic 
method 

Aromatic 
dicarboxylate 

derivative 
Co-ligand Topology Ref. 

2011 
{[Zn2(5-Br-1,3-bdc)2(4,4'-bpy)(H2O)]·2H2O}n 
{[Cd(4-Br-1,3-bdc)(bpp)]}n 

Hydrothermal 

 

 
 

 

2D (6,3) network 
and 2D (3.5)-
connected network 

[68] 

2012 

[Zn2(1,3-bdc)2(L
2)(H2O)2]n 

[Zn2(1,4-bdc)2(L
1)(H2O)2]n 

{[Cd(1,2-bdc)(L2)(H2O)]·H2O}n 
[Cd2(1,4-bdc)2(L

1)(H2O)2]n 

Hydrothermal 

 

 

 

2D hexagonal nets, 
2D hexagonal nets, 
2D pleated layer 
and 2D hexagonal 
nets 

[51] 

69 
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Table 2.2 Summary of previous studies of 2D Zn(II) and Cd(II) containing aromatic dicarboxylate derivatives CPs (cont.) 
 

Year Empirical formula 
Synthetic 
method 

Aromatic 
dicarboxylate 

derivative 
Co-ligand Topology Ref. 

2013 
[Zn(5-OH-1,3-bdc)(btb)]·2H2O 
[Cd(5-OH-1,3-bdc)(btp)(H2O)]·3H2O 
[Cd(5-OH-1,3-bdc)(bth)2(H2O)]·H2O 

Hydrothermal 

 
 

2D (4,4) network,  
2D (4,4) network 
and 2D undulated 
(4,4) net 

[76] 

2014 {[Zn(L1)(1,3-bdc)]}n Solvothermal 
 

 
 

2D (4,4) 
connected sql 
nets 

[77] 
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Table 2.2 Summary of previous studies of 2D Zn(II) and Cd(II) containing aromatic dicarboxylate derivatives CPs (cont.) 
 

Year Empirical formula 
Synthetic 
method 

Aromatic 
dicarboxylate 

derivative 
Co-ligand Topology Ref. 

2016 
{[Zn(pyim2)(1,2-bdc)]·(DMF)·(MeOH)}n 
{[Zn(pyim2)(1,4-bdc)]·(DMF)}n 

Direct 
method 

 

 

2D herringbone 
pleated structure 
and 2D parallel 
pleated network 

[72] 

2017 
{[Zn(1,4-bdc)(4-pyao)2]·DMF}n 
{[Cd(1,4-bdc)(4-pyao)2]·DMF}n 

Direct 
method 

 
 

2D (4,4) network 
2D (4,4) network 

[73] 

71 
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Table 2.3 Summary of previous studies of 3D Zn(II) and Cd(II) containing aromatic dicarboxylate derivatives CPs  
 

Year Empirical formula 
Synthetic 
method 

Aromatic 
dicarboxylate 

derivative 
Co-ligand Topology Ref. 

2005 {[Cd(2,6-dipicO)(bix)1.5]·1.5H2O}n Hydrothermal 
  

2-fold 
interpenetration 
3D framework 

[64] 

2010 [Zn2(BITMB)2(1,3-bdcH)2(1,3-bdc)·H2O]n Solvothermal 
  

3D porous 
framework 

[75] 

2010 
[Zn2(1,3-bdc)2(L

3)]·2H2O 
[Zn2(1,4-bdc)2(L

3)]·2CH3OH 
Solvothermal 

 

 

 

2-fold 
interpenetrating 3D 
network and 2-fold 
interpenetrating 3D 
network 

[67] 

72 
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Table 2.3 Summary of previous studies of 3D Zn(II) and Cd(II) containing aromatic dicarboxylate derivatives CPs (cont.) 
 

Year Empirical formula 
Synthetic 
method 

Aromatic 
dicarboxylate 

derivative 
Co-ligand Topology Ref. 

2011 
{[Cd(5-Br-1,3-bdc)(bpp)(H2O)]}n 
{[Zn(5-Br-1,3-bdc)(bpe)]}n 
{[Zn2(4-Br-1,3-bdc)2(bpy)]·H2O}n 

Hydrothermal 

  

2-fold interpenetrating 3D 
framework, 
3D network and 
3D pillar-layered 
framework 

[68] 

2012 {[Cd2(1,4-bdc)2(L
2)2]·(H2O)3}n Hydrothermal 

  
3D framework [51] 

2012 
{[Zn2(TPOM)(5-OH-1,3-       
bdc)2]·(DMF)(H2O)2}n 

Solvothermal 

  

3D framework [78] 

73 
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Table 2.3 Summary of previous studies of 3D Zn(II) and Cd(II) containing aromatic dicarboxylate derivatives CPs (cont.) 
 

Year Empirical formula 
Synthetic 
method 

Aromatic 
dicarboxylate 

derivative 
Co-ligand Topology Ref. 

2013 
{Cd2.5(4-OH-2,6-dipic)- 
(4-OH-2,6-Hdipic)(H2O)7·1.5H2O}n 

Direct 
method 

 

- 3D framework [79] 

2014 
{[Zn5(Htea)2(1,3-bdc)3(H2O)]·2.6H2O}n 
[Zn3(H2dea)2(1,4-bdc)3]n 

Solvothermal 

  

3D porous network 
3D framework 

[70] 

74 
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CHAPTER 3 
RESEARCH METHODOLOGY 

 
The purpose of this chapter is to present the research methodology. In 

more details, the author outlines the steps of this research including synthesis 
method, characterization, crystal structure determination and properties study. 
Moreover, the list of chemicals, glassware and instruments that used for this thesis 
were provided.  

 
3.1 Materials 
 

3.1.1. Chemicals 
All the chemicals and solvents were commercially purchased and 

used as received without further purification. 
 

Table 3.1 Chemicals and reagents 

Chemicals and reagents Formula 
Mw 

(g/mol) 
% Purity Company 

Zinc nitrate tetrahydrate Zn(NO3)2·4H2O 261.44 98.5 Carlo Erba 
Cadmium nitrate tetrahydrate Cd(NO3)2·4H2O 308.48  98.0 Carlo Erba 
Pyridine-2,6-dicarboxylic acid C7H5NO4 167.12  99.0 Sigma Aldrich 

Benzene-1,3-dicarboxylic acid C8H6O4 163.13 99.0 Acros organic 

Sodium hydroxide NaOH 40.00 98.0 Carlo Erba 
Methanol CH3OH 32.04 99.9             99.9 RCI labscan 
Ethanol C2H5OH 46.07 99.9 RCI labscan 
N,N-Dimethylformamide C3H7NO 73.09 99.8 RCI labscan 
Acetone C3H6O           58.08 99.5 RCI labscan 
Dichloromethane CH2Cl2      84.93 99.8 Carlo Erba 
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3.1.2. Glassware 

Table 3.2 Glassware 
1. Beakers 6. Volumetric flasks 
2. Cylinders 7. Droppers 
3. Glass funnel 8. Screw auto sampler vial 
4. Glass scintillation vial with  
   polyseal cone lined urea caps 

9. Quartz cuvette 

5. Stirring rod 10. Micropipette 
 

3.1.3 Instrumentation 
1. IR spectra were recorded in range of 4000-400 cm-1 on a Perkin 

Elmer infrared spectrophotometer using a KBr pellet. 
2. Elemental analysis (%C, %H and %N) was performed on a 628 

series, Leco Corporation CHNS/O Analyzer.  
3. SEM images and the corresponding elemental analyses were 

obtained by a JEOL 7800F SEM, equipped with a RIGAKU ZSX Primus energy 
dispersive spectroscopy (EDS) accessory. 

Table 3.1 Chemicals and reagents (cont.) 

Chemicals and reagents Formula 
Mw 

(g/mol) 
% Purity   Company 

Phenyl acetate C8H8O2 136.15 99.0    Acros organic 
Methyl acetate C3H6O2 74.08 99.8 Acros organic 
Acetonitrile CH3CN            41.05 99.0 Carlo Erba 

Benzene C6H6 78.11 99.8 Carlo Erba 

Toluene C7H8 92.14 98.0 RCI labscan 
Hexane C6H14 86.18 98.0 RCI labscan 
Tetrahydrofuran (CH2)4O 72.11 99.5 Carlo Erba 
Dimethyl sulfoxide (CH3)2SO 78.13 99.9 Carlo Erba 
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4. Powder X-ray diffraction pattern were obtained on a Bruker D8 
QUEST XRD system at 40 kV and 40 mA in the 2 range 5-50 degree at room 
temperature .  

5. X-ray crystallographic data of suitable single crystals were 
collected with a Bruker APEXII D8 QUEST CMOS, using Mo-Kα radiation (  = 0.71073 
Å). 

6. Thermogravimetric analysis was performed under nitrogen flow 

with a heating rate of 10 C min-1 using a Mettler Toledo SDTA851e analyzer.  
7. The solid state photoluminescence measurements were 

performed on a Horiba FluoroMax-4 spectrofluorometer at room temperature.  
8. The photoluminescent spectra for liquid suspension were 

recorded on jasco FP-6200 spectrofluorometer.  
9. Gas chromatograms were performed on a Shimadzu GC-2010 gas 

chromatograph system equipped with a FID detector using a 30-m Rtx–Wax column.  
 
3.2 Method 

The experimental procedure of this research consists of four steps 
namely, synthesis, characterization, crystal structure determination and properties 
study. The experimental outline of this research is shown in Figure 3.1. The details of 
synthesis for all compounds, catalytic study of (1) and PL sensing study of (2) are 
described. 

 
 
 
 
 
 
 
 

Scheme 3.1 Experimental outline of this research  

Experimental outline 

Synthesis Characterization Crystal structure 
determination 

Properties study 

Direct method IR 
PDXRD 
TGA 
% CHN 

SCXRD 
Catalysis & 
PL Sensing 
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3.2.1 Synthesis 
                         Synthesis of [Zn(2,6-dipic)]n (1) 

A mixture solution of pyridine-2,6-dicarboxylic acid (1.0 mmol) and 
NaOH (2.0 mmol) in 10 mL of distilled water was slowly dropped to 5 mL of a 
methanolic solution of Zn(NO3)2·4H2O (1.0 mmol). The mixture solution was 
continuously stirred at 60 oC for 30 min, resulting in the formation of white 
precipitate. Then, the mixture solution was filtered and left to evaporate at room 
temperature. The colorless block-shape crystals of [Zn(2,6-dipic)]n (1) suitable for X-
ray diffraction technique were obtained within 7 days, yield ca.63 % based on Zn(II) 
source (Anal.Calced.  of C112H48N16O64Zn16: C 36.48; H 1.31; N 6.02 Found: C 36.27; H 
1.34; N 5.90). 

 
                         Synthesis of {CdNa2(1,3-bdc)2(H2O)2(DMF)}n (2) 

A mixture solution of benzene-1,3-dicarboxylic acid (1.0 mmol) and 
NaOH (2.0 mmol) in 10 ml of distilled water was slowly dropped to 5 ml of a 
methanolic solution of Cd(NO3)2·4H2O (1.0 mmol). The mixture solution was stirred at 
60oC for 30 min, resulting in the formation of white precipitate. Then, 10 ml of DMF 
were added. Consequently, the mixture solution was continuously stirred and heated 
until a completely clear solution was obtained and filtered. This solution was 
allowed to slowly evaporate in the air. After 3 days, the colorless block-shape 
crystals of {CdNa2(1,3-bdc)2(H2O)2(DMF)}n (2) suitable for X-ray diffraction technique 
were obtained, yield ca.76 % based on Cd(II) source (Anal. Calced. of 
C19H19CdNNa2O11: C 38.31; H 3.21; N 2.35 Found: C 38.36; H 3.26; N 2.33). 
 

Synthesis of {[Cd2(1,3-bdc)2(DMF)]·DMF·2H2O} (3) 
The single crystal of this compound was obtained by using the 

same synthetic condition of compound (2). The crystal structure of (3) is determined 
by using the single crystal X-ray diffraction technique. However, this compound could 
not be repeated. In this thesis, only the structural feature of this compound is 
described in chapter 4. 
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3.2.2 Study of catalytic activity of [Zn(2,6-dipic)]n (1) 

3.2.2.1 Transesterification of phenyl acetate with methanol 
The catalytic activity of synthesized coordination polymers 

(1) for the transesterification reaction of phenyl acetate and methanol was 
investigated. The reaction was designed by performing in a glass scintillation vial with 
polyseal cone lined urea caps. A solution of 10 mmol of phenyl acetate in 60 mmol 
of methanol was used in the presence of 0.05 g/g (5 mass % PA) of (1). To study the 
influence of temperature and time, the reactions were studied with different 

temperatures and time in range of RT-100 C and 6-60 h, respectively for suitable 
conditions. After reaction, the reaction mixture was quenched by placing in an ice 
bath. Then, the solid catalyst was separated by filtration, while the filtrate was 
collected and diluted with dichloromethane, and the total volume of the solution 
was made up to 10 ml. This solution was subjected to quantitative GC analysis and 
the yield of the reaction was calculated. All reaction samples were run at least three 
times, and the average yields are reported here. 

 
3.2.2.2 Reusability of the catalyst 

The reusability of catalyst (1) for the transesterification of 
phenyl acetate with methanol was investigated. Phenyl acetate (10 mmol), methanol 
(60 mmol), and catalyst (5 mass % PA) were used. Each reaction batch, the mixture 

solution was heated and continuously stirred at 75 C for 48 hours. After reaction 
completed, the reaction mixture was quenched by placing it in an ice bath. The 
reaction mixture was filtered. The liquid phase was analyzed by GC, while the solid 

catalyst was washed with methanol, dried at 85 C for 10 hours, and reused directly 
as a catalyst for the next run under the same conditions.  
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3.2.3 Study of photoluminescence properties of {CdNa2(1,3-bdc)2 - 

(H2O)2(DMF)}n (2) 

3.2.3.1 Solid state photoluminescence study 
The solid state photoluminescence spectra of free 1,3-bdcH2 

ligand and compound (2) were recorded at room temperature with the excitation at 
305 nm and emission range of 320 – 580 nm.  

3.2.3.2 Solvent sensing study 
The solvent sensing property of (2) was studied in the liquid 

suspension with various types of organic solvents namely, ethanol (EtOH), methanol 
(MeOH), dichloromethane (DCM), acetone (AC), benzene, tetrahydrofuran (THF), 
toluene, hexane and dimethyl sulfoxide (DMSO). The amount of 2 mg of finely 
ground fresh sample (2) was added to 3 ml different organic solvents without any 
activation. Consequently, the liquid suspension was allowed to ultrasonicate for 30 
minutes, and then aged for 2 days to produce the stable suspensions. The 
fluorescent emission was recorded upon excitation at 300 nm. The fluorescence 
quenching efficiency was calculated based on (1 - I/I0) × 100%, where I0 and I are the 
fluorescence intensities before and after the addition of acetone respectively. 
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CHAPTER 4 
RESULTS AND DISCUSSION 

 
This chapter is presented about the results and discussion about crystal 

structure determination, crystal structure description and characterization by various 
techniques namely Fourier transform infrared spectroscopy, powder X-ray diffraction, 
thermogravimetric analysis, energy dispersive X-ray spectroscopy, solid-state 
photoluminescence spectroscopy of two novel coordination polymers namely 
[Zn(2,6-dipic)]n (1) and {CdNa2(1,3-bdc)2(H2O)2(DMF)}n (2) and the structural description 
of {Cd2(1,3-bdc)2(DMF)}·DMF·2H2O (3). Moreover, the results of catalytic properties of 
(1) and solvent sensing properties of (2) are presented, respectively. 

 
4.1  A novel 2D coordination polymer [Zn(2,6-dipic)]n (1) 
 

4.1.1 Crystal structure determination 
In order to determine the crystal structure of [Zn(2,6-dipic)]n (1), the 

selected crystal was inspected with microscope to ensure that no visible defects. 
Consequently, the selected crystal was attached to a glass fiber which was fastened 
to brass pin. Finally, the pin containing the crystal was mounted onto a goniometer 
head and placed onto the diffractometer.  

The intensity data was collected on a single crystal of size 0.125 x 
0.119 x 0.027 mm3 at 293 K. Reflection data of this compound were collected on a  
4 K Bruker SMART APEX CCD area detector diffractometer using SMART program [80]. 
The reflections were integrated using SAINT program [81] and intensity data were 
corrected for Lorentz and polarization effects. Empirical absorption corrections were 
applied with SADABS program [82]. The structures were solved and refined by the 
Bruker SHELXTL program [83]. C-bound H atom were positioned geometrically, with 
C-H = 0.93 Å, and include as riding atoms, with Uiso(H) = 1.2 Ueq(C).  
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4.1.2 Structural description 
In compound [Zn(2,6-dipic)]n (1), the zinc metal ions were in the +2 

oxidation state and 2,6-dipicH2 ligands were fully deprotonated for balance the 
charge of the compound.    

The reaction of 2,6-dipicH2 with Zn(NO3)2·4H2O in the presence of 
NaOH leads to the formation of novel 2D coordination polymers, [Zn(2,6-dipic)]n (1). 
Compound (1) was crystallized in monoclinic system space group C2/c. As shown in 
Figure 4.1, the asymmetric unit of this compound consists of three independent Zn(II) 
ions and two 2,6-dipic2- ions. The Zn(2) and Zn(3) ions are occupied in 
centrosymmetric position with site occupancy of 0.5.  

Crystallographic and refinement data are presented in Table 4.1. 

The selected bond lengths (Å) and angles () are listed in Table 4.2. 

 
Figure 4.1 View of asymmetric unit of (1) with the atom numbering scheme 

The molecular structure of [Zn(2,6-dipic)]n (1) comprises of three 
crystallographic independent Zn(II) centers which are connected together by dipic2- 
bridging ligands. Zn(1) ion is six coordinated by two dipic2- ligands, four oxygen atoms 
of two different dipic2- ligands in the basal plane with bond distance in range of 
2.189(2) – 2.192(2) Å and two nitrogen atoms occupying the axial sites (1.996 Å), 
constructing a distorted octahedral geometry with [ZnN2O4] chromophore as shown 
in Figure 4.2(a). This type of chromophore was found in mononuclear bis(dipic) 
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transition metal complexs [84,85]. For the molecular plane between two coordinated 

dipic ligand of Zn(1) chromophore presents almost perfectly perpendicular 92.97(9). 
Zn(2) ion is five coordinated by two oxygen atoms and one nitrogen atom from a 
dipic2- ligand with bond distance of 2.031(2) – 2.196(2) Å and two oxygen (O2 and O4) 
atoms of carboxylate group from the other two adjacent dipic2- bridging ligands 
(1.966(2) – 1.971(2) Å) as shown in Figure 4.2(b) generating a distorted trigonal 
bypyramidal geometry. While, Zn(3) ion is four coordinated by four oxygen atoms 
from different carboxylate groups of four differrent dipic bridges which coordinate to 
Zn(2) ions as shown in Figure 4.2(c). 

 

 
 
 

 
 
 
 
 
 
 

Figure 4.2 Views of Zn(II) chromophores in (1), (a) [Zn(1)N2O4], (b) [Zn(2)NO4] and  
(c) [Zn(3)O4]  

(a) (b) (c) 
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Interestingly, all Zn(II) centers in the molecular structure of (1) are 
linked together by oxygen atoms of dicarboxylato groups in syn-anti bridging mode 
with the alternating Zn(1) and Zn(2) sites and the alternating Zn(2) and Zn(3) nodes, 
generating 2D network with (4,4) topology coordination framework in the 
crystallographic ab plane. The distances between zinc centers were 5.079(1), 
5.111(1), 7.052(1) and 7.316(1) Å for Zn(1)···Zn(2), Zn(2)···Zn(3), Zn(1)···Zn(3) and 
Zn(2)···Zn(2), respectively. The polyhedra displacement of Zn(II) centers in two-
dimensional network are represented in Figure 4.3 

 

Figure 4.3 Views of (a) 2D structure and (b) polyhedral displacement of Zn(II) centers 
of (1) 

Furthermore, the crystal structure of (1) is stabilized by hydrogen 
bonding interaction between adjacent 2D layers by C(3)-H(3) on pyridine ring of dipic 
ligand which coordinate to Zn(1) ion and O(5) of carboxylate group on dipic ligand 
which coordinate to Zn(2) [C3-H3···O5vii, D-H 0.93 Å, H···A 2.25 Å, D···A 3.133(4) Å, D-H-

Ref. code: 25605809040032YZR



85 
 

 

A 158; symmetry code vii = -x+1, -y+2, -z+1], resulting 3D supramolecular 
framework as shown in Figure 4.4. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.4 View of 3D supramolecular framework of (1) via C-H···O interaction 
between adjacent layers [C3-H3···O5vii, D-H 0.93 Å, H···A 2.25 Å, D···A 3.133(4) Å,        

D-H-A 158; symmetry code vii = -x+1, -y+2, -z+1] 

 
 

  

O5
vii 
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Table 4.1 Crystallographic and refinement data for [Zn(2,6-dipic)]n (1) 

Empirical formula C14H6N2O8Zn2 
Formula weight 460.99 
Temperature/K 293 
Crystal system monoclinic 
Space group C2/c 
Unit cell dimensions           a/Å 14.0658(12) 
                                        b/Å  14.0971(12) 
                                        c/Å 16.6752(14) 

                                        α/ 90 

                                        / 100.6855(18) 

                                        / 90 

Volume/Å3 3249.1(5) 
Z 8 
Density (calculated) g.cm3 1.8847 
Absorption coefficient (µ)/mm-1 3.001 
F(000) 1829.9 
Crystal size/mm3 0.13 x 0.12 x 0.03 

2ϴ range for data collection/ 4.12 – 56.1 

Index ranges -18 ≤ h ≤18, -18 ≤ k ≤ 18, -21 ≤ l ≤ 22 
Reflections collected  16685 
Independent reflections 3942[Rint = 0.0386, Rsigma = 0.0362] 
Data/restraints/parameters 3942/0/235 
Goodness-of-fit on F2 1.035 
Final R indexes [I>=2σ(I)] R1 = 0.0388, wR2 = 0.0857 
Final R indexes [all data] R1 = 0.0603, wR2 = 0.0944 
Largest diff. peak/hole/eÅ-3 0.58, -0.36 

R = F0- Fc/ F0, Rw = [w {F0-Fc}2/F0
2]1/2 

Ref. code: 25605809040032YZR



87 
 

 

Table 4.2 Selected bond lengths (Å) and angles () for compound (1) 

Bond lengths (Å) 
Zn(1)-N(1iv) 1.996(2) Zn(2)-N(5) 2.031(2) 

Zn(1)-N(1) 1.996(2) Zn(2)-O(8i) 1.971(2) 

Zn(1)-O(5) 2.189(2) Zn(2)-O(9) 2.196(2) 

Zn(1)-O(5iv) 2.189(2) Zn(3)-O(2ii) 1.978(2) 

Zn(1)-O(10iv) 2.192(2) Zn(3)-O(2iii) 1.978(2) 

Zn(1)-O(10) 2.192(2) Zn(3)-O(1iv) 1.984(2) 

Zn(2)-O(3) 1.996(2) Zn(3)-O(1) 1.984(2) 

Zn(2)-O(4) 2.165(2)   

Bond angle () 

N(1)-Zn(1)-N(1iv) 178.68(13) N(5)-Zn(2)-O(3) 132.95(9) 

O(5)-Zn(1)-N(1) 76.89(8) N(5)-Zn(2)-O(4) 76.49(8) 
O(5)-Zn(1)-N(1iv) 104.05(8) O(8i)-Zn(2)-O(3) 98.51(8) 
O(5iv)-Zn(1)-N(1) 104.05(8) O(8i)-Zn(2)-O(4) 98.95(9) 

O(5iv)-Zn(1)-N(1iv) 76.89(8) O(8i)-Zn(2)-N(5) 128.55(9) 
O(5iv)-Zn(1)-O(5) 93.15(12) O(9)-Zn(2)-O(3) 99.27(9) 

O(10)-Zn(1)-N(1) 76.89(8) O(9)-Zn(2)-O(4) 151.80(8) 
O(10iv)-Zn(1)-N(1) 102.18(8) O(9)-Zn(2)-N(5) 75.33(8) 

O(10)-Zn(1)-N(1iv) 102.18(8) O(9)-Zn(2)-O(8i) 99.27(9) 
O(10iv)-Zn(1)-N(1iv) 76.89(8) O(2ii)-Zn(3)-O(2iii) 114.27(13) 
O(10iv)-Zn(1)-O(5iv) 153.77(7) O(1)-Zn(3)-O(2iii) 97.54(8) 

O(10)-Zn(1)-O(5) 153.77(7) O(1iv)-Zn(3)-O(2iii) 115.72(9) 
O(10)-Zn(1)-O(5iv) 92.97(9) O(1iv)-Zn(3)-O(2ii) 97.54(8) 

O(10iv)-Zn(1)-O(5) 92.97(9) O(1)-Zn(3)-O(2ii) 115.72(9) 
O(10)-Zn(1)-O(10iv) 92.72(12) O(1)-Zn(3)-O(1iv) 117.24(12) 

O(4)-Zn(2)-O(3) 99.10(9)   
Symmetry codes: i1-x,+y,1/2-z; ii-x,+y,1/2-z; iii1/2+x,-1/2+y,+z; iv1/2-x,1/2+y,1/2-z; v-1/2+x,1/2+y,+z; vi1/2-x,-1/2+y,1/2-z 
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4.1.3 Structural comparison 
To the best of our knowledge of structure closely related to 

compound (1), only the two-dimensional (4,4) grid network {[Zn(HCAM)]·H2O has 
been reported by Gao and coworkers in 2006 [65]. This compound crystallized in the 
tetragonal space group P-421c. The Zn(II) ion is five-coordinated with a distorted 
trigonal bipyramidal geometry (Figure 4.5(a)).  As shown in Figure 4.5(b), Zn(II) ions are 
connected together through four HCAM molecules with µ3-coordination mode to 
generate a 2D grid with a (4,4) network, which give two kind of  Zn···Zn distances 
(4.979 and 5.315 Å). In comparison, compound (1) consists of three crystallographic 
independent Zn(II) centers. All Zn(II) centers of (1) were linked together by 2,6-dipic 
ligands with µ3-coordination mode, generating 2D network with (4,4) topology 
coordination framework. The distances between Zn centers were 5.079(1), 5.111(1), 
7.052(1) and 7.316(1) Å for Zn(1)···Zn(2), Zn(2)···Zn(3), Zn(1)···Zn(3) and Zn(2)···Zn(2), 
respectively.  

Another related two-dimensional (4,4) grid network coordination 
frameworks containing pyridine dicarboxylate ligands has been published, {[Sm2(2,6-
dipic)(ox)2(H2O)4]·4(H2O)}n (2,6-dipicH2 = 2,6-pyridinedicarboxylic acid and oxH2 = oxalic 
acid) [86]. This compound crystallized in the triclinic space group P-1. The Sm(II) ion 
have two types of coordination environments (Figure 4.6a). Sm1 is ten-coordinated, 
whereas Sm2 is nine-coordinated with a tricapped trigonal prism geometry. In Figure 
4.6(b), Sm1 and Sm2 atoms are alternately arrayed by carboxylate bridges of dipic 
and ox bridging ligand and generate a tetranuclear homometallic Sm4 square unit 
with 12-membered Sm4C2O6 motifs. The rhombic Sm4 metalic species as a building 
blocks are further connected by carboxylate O atoms to assemble into an infinite 2D 
grid with a (4,4) network. The distances between Sm1 and Sm2 atoms are 5.013(5) 
and 6.405(6) Å. 

From the structural data of two related compounds above, it is 
found that both compound present 2D network which dipic derivatives presents    
µ3-coordination mode to link the metal centers. 
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Figure 4.5 (a) Coordination environment of Zn(II), (b) µ3-coordinationmmode of HCAM 
ligand and (c) packing structure of {[Zn(HCAM)]·H2O view along c axis [65]  

(a) (b) 
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b 
c 
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Figure 4.6 (a) Different coordination environments of the Sm ions, (b) µ3-coordination 
mode of 2,6-dipic and (c) packing structure of {[Sm2(2,6-dipic)(ox)2(H2O)4]·4(H2O)}n view 

along b axis [86]  

(b) 
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4.1.4 Infrared spectra 

 
Figure 4.7 IR spectra of (a) Zn(NO3)2·4H2O, (b) 2,6-dipicH2 and (c) [Zn(2,6-dipic)]n (1) 

To investigate the existence of the component in (1) by using the 
identification of the functional groups of synthesized coordination polymer,    
[Zn(2,6-dipic)]n (1) and comparing with that of reactants, the FT-IR spectra of 
Zn(NO3)2·4H2O, 2,6-dipicH2 and (1) were recorded in range of 4000 - 400 cm-1 on a 
Perkin Elmer infrared spectrophotometer using a KBr pellet. 

The FT-IR spectrum of Zn(NO3)2·4H2O was displayed the 
characteristic absorption peak of NO3

- group at 1354 cm-1 as shown in Figure 4.7(a). In 
Figure 4.7(b), FT-IR spectrum of 2,6-dipicH2 was exhibited very broad bands at 3000-
3300 cm-1. This band results from the O-H stretching of the carboxylic groups. The 
absorption peak at 1694 cm-1 was assigned to the absorption of C=O groups of 
carboxylate group. The characteristic band at 1574 cm-1 was assigned to the 
absorption of C=N groups in pyridine ring. For IR spectrum of (1), the absorption peak 
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of nitrate group was not found, confirming the nitrate group was disappeared in (1). 
The broad absorption peak of O-H stretching in carboxylic acid group was not 
presented, proving the carboxylic acid was fully deprotonated. The existence of 
strong bands in the 1671 and 1614 cm-1 were attributed to the asymmetric stretching 
vibration and 1397 cm-1 was assigned to symmetric stretching vibration of COO- 
group, accounting for the presence of dipic [71,87]. The weak peak at 1593 cm-1 was 
assigned to the absorption of C=N group of dipic. The δ(O-C-O) in plane deformation 
vibrations of dipic ring occurs at 763-746 cm-1 and wagging vibrations of pyridine ring 
at 688 cm-1 as shown in Figure 4.7(c). 
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4.1.4 Powder X-ray diffraction patterns 
 

 
 

Figure 4.8 PDXRD patterns of [Zn(2,6-dipic)]n (1) 

To confirm the phase purity of bulk solid sample in powder and 
polycrystalline forms by using powder X-ray diffraction (PDXRD) technique. The 
powder X-ray diffraction patterns for simulated and as-synthesized in both forms 
were shown in Figure 4.8. The peak positions and intensities of all patterns were 
matched well with those observed in the simulated patterns generated from single-
crystal diffraction data, confirming both forms are purify and repeatable. 

. 
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4.1.6 Thermogravimetric analysis  
 

 
 
 

 

 

 

 

 

 
Figure 4.9 TGA curve of [Zn(2,6-dipic)]n (1) 

To study the thermal stability of (1), thermogravimetric analysis of 
[Zn(2,6-dipic)]n (1) was investigated by thermogravimetric measurement which 

performed from room temperature to 800 C under nitrogen atmosphere. In Figure 
4.9, the thermogravimetric analysis curve shows that the structure of (1) is highly 

stable at high temperature to about 450 C. The TGA curve exhibits the first 

decomposition of the framework after 450 C. The main weight loss (35.16 wt %) 
reveals that the framework was started to collapse with the loss of a dipic molecule 
per formula. Furthermore, the weight loss was found at temperature higher than   

600 C which could be attributed to the formation of ZnO as the final product [64].  
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4.1.7 Photoluminescence property 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.10 Solid state photoluminescent spectra of 2,6-dipicH2 (black line) and 

[Zn(2,6-dipic)]n (1) (red line) 
 

Coordination polymers constructed from d10-metal ions and 
conjugated aromatic linkers were known to be potential luminescent materials     
[57-60]. Therefore, the solid state photoluminescence properties of free 2,6-dipicH2 
ligand and [Zn(2,6-dipic)]n (1) were investigated and performed by using a Horiba 
FluoroMax-4 spectrofluorometer at room temperature. Figure 4.10 presents the solid 
photoluminescent spectra of 2,6-dipicH2 and (1) under excitation at 340 nm. The 
solid state photoluminescent spectrum of free 2,6-dipicH2 ligand was exhibited the 
emission peak at 414 nm. While the photoluminescent spectrum of (1) presents the 
fluorescence enhancement and intense emission bands which observed at 417 nm, 
which may be attributed to ligand to metal charge transfer (LMCT) band [58,59]. The 
results indicate that compound (1) could be a good candidate for use as a 
luminescent material. 

2,6-dipicH2 
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4.1.8 Catalytic activity  
From crystal structural data analysis, compound (1) contains 

unsaturated metal sites on Zn2 and Zn3 which can be expected to be the active 
sites for the interesting organic reaction. Therefore, the potential catalytic activity of 
compound (1) was preliminary tested with selected transesterification reaction of 
phenyl acetate and methanol. In order to achieve optimal reaction conditions for the 
maximum methyl acetate yields, the reaction temperature and reaction time were 
studied. Moreover, the reusability of catalyst was also tested. The diagram of 
transesterification reaction is shown in scheme 4.1 

 
 
 
 

 
 

Scheme 4.1 Transesterification of phenyl acetate and methanol 
 

4.1.8.1 Effect of reaction temperature 
The effect of reaction temperature on the methyl acetate 

yield (%) was designed and investigated by varying the reaction temperature in a 

range of room temperature, 50, 65, 75, 85 and 100 C. While, the reactant 
concentrations, amount of catalyst and reaction time were fixed constant for all 
reaction temperture in which using a phenyl acetate (PA) concentration of 10 mmol, 
methanol concentration of 60 mmol, catalyst amount of 5 mass % PA and reaction 
time of 6 h. 

In Figure 4.11, the result shows that when increasing reaction 

temperature from room temperature to 75 C, the methyl acetate yield was 
enhanced from 2.76 – 35.59 %. Further increasing the reaction temperature up to 85 

and 100 C, the methyl acetate yield were reduced to 20.33 and 16.25 %, 
respectively. This result indicated that the maximum yield of methyl acetate were 

 

Catalyst (1) 
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obtained at 75 C. The decrease of methyl acetate yield at reaction temperatures 

higher than  75 C occurred because those temperature are above the boiling point 
of methanol. Therefore, methanol is mostly in vapor form cause to reducing the 
conversion of reactants.  

Meanwhile, to compare the obtained methyl acetate yield 
from the reaction that without catalyst and reaction with catalyst in each 
temperature, the reaction without catalyst was simultaneously study. In Figure 4.11, 
the yellow bar show methyl acetate yield of the reaction without catalyst which is 
lower than methyl acetate yield from the reaction with catalyst in blue bar. This 
result indicated that the existence of catalyst can improve the methyl acetate yield 
in this reaction.  

 
 
 

 
 
 
 
 

 
 

 
 

 
 

 
Figure 4.11 Plot of methyl acetate yield vs. reaction temperature for the 

transesterification reaction of phenyl acetate and methanol with (1) for 6 h 

 

Temperature 

(C) 

MA yield (%) 
Without cat. With cat. 

RT 1.5951 2.7620 
50 1.6980 6.7094 
65 2.0068 19.9461 
75 2.2329 35.5929 
85 2.4527 20.3320 
100 2.1241 16.2480 
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4.1.8.2 Effect of reaction time 
The effect of reaction time on the methyl acetate yield (%) 

was also studied. The reaction was carried out by varying the reaction time in a range 
of  6, 12, 24, 48 and 60 h. Whereas, the reactant concentrations, catalyst amount and 
reaction temperature were kept constant which using a phenyl acetate (PA) 
concentration of 10 mmol, methanol concentration of 60 mmol, catalyst amount of 

5 mass % PA and reaction temperature of 75 C. 
In Figure 4.12, it was found that when the reaction time was 

increased from 6 to 48 h, the methyl acetate yield increased from 35.59 % to    
53.50 %. Further increasing the reaction time to 60 h reduced the methyl acetate 
yield (%) to 48.96 %. Therefore, the reaction approached eqilibrium at 48 h under 
these conditions. From the obtained results, it can be indicated that 48 h was the 
optimal reaction time. 

 

 
 

Figure 4.12 Plot of methyl acetate yield vs. reaction time for the transesterification 

reaction of phenyl acetate and methanol with (1) at 75 
C 
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4.1.8.3 Reusability of catalyst 
Lastly, the reusability of catalyst was also studied. The 

reaction was carried out under the optimal conditions (75 C for 48 h with a 1:6 
molar ratio of PA: methanol). After the reaction completed, the catalyst was 

recovered by filtration, thoroughly washed with methanol and dried at 85 C for    
10 h before reusing it in subsequent transesterification process.  

In Figure 4.13, it was observed that the methyl acetate yield 

reduced each cycle by  3.7 yield % after two cycles. From the obtained results, it 
can be explained that compound (1) showed good reusability without any significant 
loss of catalytic activity. 

 

 
 

Figure 4.13 Effect of the catalyst recycling on the yield of methyl acetate 
 

After reusing process, the stability of the catalyst was 
observed by powder X-ray diffraction (PDXRD) technique. In Figure 4.14, it was 
observed that the PXRD patterns of recovered catalyst still match well with those of 
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fresh catalyst. Hence, compound (1) showed stable heterogeneous catalyst for this 
transesterification reaction. 

 

 
 

Figure 4.14 PDXRD patterns of recovered catalyst 
 

In summary, these results may represent an excellent 
starting point for the development of a new simple synthetic method to produce the 
novel coordination polymer that might be efficiently used as heterogeneous 
catalysts.  
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4.1.8.4 Possibility of mechanism  
 

Scheme 4.2 Proposed catalytic cycle for the transesterifiction reaction catalyzed by 
compound (1) 

 
The mechanism of metal catalyzed transesterification may 

be involves an electrophilic activation of the carbon center of the carbonyl moiety 
by binding of the metal to the carbonyl oxygen [88,89]. Base on this idea, a possible 
transesterification mechanism in this catalyst system can be proposed as shown in 
Scheme 4.2. At the first step, carbonyl oxygen of the substrate phenyl acetate binds 
to unsaturated Zn atom (Zn2 and Zn3) to give adduct (A). Then, the nucleophile 
methanol would attack the carbon atom of carbonyl moiety of the adduct (A) to 
produce the product methyl acetate.  

 
  

(A) 
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According to the previous reports, there are several Zn(II) CPs 
related to compound (1) had been studied for catalytic activities of transesterification 
reaction focusing on the reaction of phenyl acetate and methanol. These reported 
Zn(II) CPs present various type of topology such as 1D, 2D and 3D frameworks. Their 
optimum reaction conditions and yield of product have been summarized in Table 
4.3  
 
Table 4.3 Catalytic activities of previously reported Zn(II) CPs for transesterification 
reaction of phenyl acetate and methanol  
 

Catalyst 
Reaction 
Condition 

Yield (%) [Ref.] 

[Zn(2,6-dipic)]n (1) 75 C, 48 h 53.5 This work 

[Zn(NO3)(H2O)2(btp)2]n
+ RT, 120 h 100 [90] 

[Zn3(OH)3{(NC5H4)2C3H6}3][NO3]3·8.67H2O  RT, 17 h 100 [91] 
[Zn6(OH)8{(NC5H4)2C3H6}4](OTf)4·3H2O RT, 72 h 100 [91] 
[Zn(Hdpa)(H2O)2(SO4)]n RT, 17 days 100 [92] 
[Zn(Hdpa)(Br)2]n RT, 120 h  100 [92] 
[Zn(Hdpa)(Cl)2]n RT, 96 h  100 [92] 

[Zn(glu)(µ-bpe)]·2H2O 50C, 120 h 100 [54] 

[Zn2(MeO-dfp)(O2CMe)2]·(O2CMe)2·2H2O 50C, 20 h 100 [93] 

[Zn2(Me-dfp)(O2CMe)2]·(O2CMe)2·2H2O 50C, 20 h 52 [93] 

[Zn2(CO2Et-dfp)(O2CMe)2]·(O2CMe)2·3H2O 50C, 20 h 38 [93] 

[Zn2(Br-dfp)(O2CMe)2]·(O2CMe)2·H2O 50C, 20 h 74 [93] 
Note : btp = (2,6-bis(N'-1,2,4-triazolyl)pyridine) ; Hdpa = 2,2'-dipyridylamine ; H2glu = glutaric acid ;  
         bpe = 1,2-bis(4-pyridyl)ethylene) ; dfp = 2,6-bis((E)-(1,3-dihydroxy-2-(hydroxymethyl)propan-2-  
         ylimino)methyl)phenol 
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4.2 A novel 3D coordination polymer {CdNa2(1,3-bdc)2(H2O)2(DMF)}n (2) 
 

4.2.1 Crystal structure determination  

The intensity data of (2) were collected on a single crystal of size 
0.35 x 0.21 x 0.16 mm3 at 296.15 K. Reflection data of this compound were collected 
on a Bruker APEXII D8 QUEST CMOS diffractometer [94]. The reflections were 
integrated using SAINT program [94] and intensity data were corrected for Lorentz 
and polarization effects. Empirical absorption corrections were applied with SADABS 
program [94]. The structures were solved and refined by the SHELXT program [95]. 
All hydrogen atoms except those of water molecules were geometrically generated 
and isotropically refined using a riding model, with C-H = 0.93 Å and Uiso(H) = 
1.2Ueq(C). The coordinated DMF molecule was found to be disordered with two set 
of sites with a refined occupancy ratio of 0.382(10) and 0.618(10).  

 
4.2.2 Structural description of {CdNa2(1,3-bdc)2(H2O)2(DMF)}n (2) 

Compound (2) crystallizes in the tetragonal crystal system with P43 
space group. Crystallographic and refinement data was presented in Table 4.4. The 

selected bond lengths (Å) and angles () were listed in Table 4.5.  
The asymmetric unit of (2) consists of one Cd(II) ion, two 

crystallographically independent Na(I) ions, two 1,3-bdc2- ligands, two coordinated 
water molecules and one coordinated DMF molecules, as shown in Figure 4.15. 
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Figure 4.15 Asymmetric unit of (2) with the atomic-numbering scheme. Displacement 
ellipsoids are drawn at the 50% probability level. 

 
Each Cd(II) ion is coordinated by seven carboxylate oxygen atoms 

from four different 1,3-bdc2- ligands with the Cd-O bond distances range between 
2.301 (3) and 2.555 (3) Å as presented in Table 4.5. The Na1 ion is surrounded by 
three carboxylate oxygen atoms of three different 1,3-bdc2- ligands, one oxygen atom 
from water molecule, and one DMF molecule with the Na-O bond distances ranging 
between 2.304 (7) and 2.498 (11) Å, while the Na2 ion adopts a five-coordinate [4+1] 
coordination with four oxygen atoms from three different 1,3-bdc2- ligands and one 
oxygen atom from water molecule. The Na-O bond distances are in the range of 
2.275 (5) - 2.354 (8) Å. Figure 4.16 shows the coordination modes of the 1,3-bdc2- 
ligand in compound (2). The 1,3-bdc2- molecule is fully deprotonated and 
coordinated to the Cd(II) and Na(I) ions in a µ5-coordination mode, generating a one-
dimensional heterobimetallic chain running parallel to the c axis. 
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Figure 4.16 Coordination mode, µ5-1,3-bdc bridging ligands found in (2). 

 All hydrogen atoms are omitted for clarity. 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4.17  Perspective view along crystallographic c axis of (a) the three 

dimensional framework of (2) (coordination polyhedra for Cd(II) and Na(I) are pink and 
green, respectively) and (b) helical chain-like structure of Cd-Na clusters             

(dark blue = Cd, blue = Na and red = O). 
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Figure 4.18 Perspective view of three-dimensional framework of (2) 
(coordination polyhedra for Cd(II) and Na(I) are pink and green, respectively). 

All hydrogen atoms are omitted for clarity. 
 

Each chain is further linked to neighboring chains through the 1,3-
bdc2- ligands in the a- and b-axis directions, leading to an interesting 3D framework 
structure (Figure 4.17 and 4.18). The coordinated water and DMF molecules adopt a 
monodentate coordination mode and serve as a terminal pendant ligand pointing 
inside the channels.  

In the crystal of (2), classical O-H···O hydrogen bonds and aromatic 
-  stacking interactions are observed and these interactions presumably help to 

stabilize the frameworks. All water molecules are shown to act as O-H···O hydrogen 
bond donors towards the carboxylate groups of the 1,3-bdc2- ligands (Table 4.6). The 

-  stacking interactions are between symmetry-related aromatic rings of the 1,3-bdc 
ligands with a Cg1···Cg2iii distance of 3.588 (3) Å (Symmetry code: (iii) –y, x, z–1/4) and 

a dihedral angle of 3.8 (4) [Cg1 and Cg2 are the centroids of the C1-C6 and C9-C14 
rings, respectively]. 
.
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Table 4.4 Crystallographic and refinement data for compound (2) 

R = F0- Fc/ F0, Rw = [w {F0-Fc}2/F0
2]1/2 

 

Empirical formula C19H19NCdNa2O11 
Formula weight 595.73 
Temperature/K 296.15 
Crystal system Tetragonal 
Space group P43 
Unit cell dimensions           a/Å 10.1437(8) 
                                        b/Å  10.1437(8) 
                                        c/Å 21.4664(15) 

                                        α/ 90 

                                        / 90 

                                        / 90 

Volume/Å3 2208.8(4) 
Z 4 
Density (calculated) g.cm3 1.791 
Absorption coefficient (µ)/mm-1 1.090 
F(000) 1192.0 
Crystal size/mm3 0.35 x 0.21 x 0.16 

2ϴ range for data collection/ 5.526 – 57.43 

Index ranges -13 ≤ h ≤13, -12 ≤ k ≤ 13, -28 ≤ l ≤ 29 
Reflections collected  56814 
Independent reflections 5708[Rint = 0.0740, Rsigma = 0.0366] 
Data/restraints/parameters 5708/160/351 
Goodness-of-fit on F2 1.034 
Final R indexes [I>=2σ(I)] R1 = 0.0274, wR2 = 0.0651 
Final R indexes [all data] R1 = 0.0318, wR2 = 0.0666 
Largest diff. peak/hole/eÅ-3 
Flack parameter 

0.52, -0.45 
0.080(13) 
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Table 4.5 Selected bond lengths (Å) and angles () for compound (2)  

Bond lengths (Å) 
Cd(1)-O(1) 2.301(3) Na(1)-O(4i) 2.442(5) 
Cd(1)-O(2) 2.556(3) Na(1)-O(9) 2.303(7) 
Cd(1)-O(3i) 2.495(3) Na(1)-O(11B) 2.497(11) 
Cd(1)-O(4i) 2.385(3) Na(1)-O(11A) 2.475(19) 
Cd(1)-O(5) 2.284(4) Na(2)-O(4v) 2.655(4) 
Cd(1)-O(7ii) 2.396(3) Na(2)-O(5) 2.277(5) 
Cd(1)-O(8ii) 2.472(3) Na(2)-O(7ii) 2.281(4) 
Na(1)-Na(2iii) 3.915(6) Na(2)-O(8vi) 2.275(5) 
Na(1)-O(1) 2.368(5) Na(2)-O(10) 2.355(8) 
Na(1)-O(3iv) 2.338(5)   
Symmetry codes: i+x,-1+y,+z; ii-1+x,+y,+z; iii-y,+x,-1/4+z; iv1-y,+x,-1/4+z; 
                         v-1+y,-x,1/4+z; vi+y,1-x,1/4+z 

Bond angle () 
O(1)-Cd(1)-O(2) 53.14(14) O(7ii)-Cd(1)-O(3i) 93.99(14) 
O(1)-Cd(1)-O(3i) 131.60(14) O(7ii)-Cd(1)-O(8ii) 53.57(13) 
O(1)-Cd(1)-O(4i) 80.31(12) O(8ii)-Cd(1)-O(2) 93.07(11) 
O(1)-Cd(1)-O(7ii) 125.93(12) O(8ii)-Cd(1)-O(3i) 91.93(10) 
O(1)-Cd(1)-O(8ii) 92.03(13) O(1)-Na(1)-Na(2iii) 77.98(11) 
O(3i)-Cd(1)-O(2) 172.97(16) O(1)-Na(1)-O(4i) 77.82(16) 
O(4i)-Cd(1)-O(2) 132.62(15) O(1)-Na(1)-O(11B) 104.0(4) 
O(4i)-Cd(1)-O(3i) 53.38(12) O(1)-Na(1)-O(11A) 97.3(6) 
O(4i)-Cd(1)-O(7ii) 122.40(12) O(3iv)-Na(1)-Na(2iii) 77.95(14) 
O(4i)-Cd(1)-O(8ii) 78.81(13) O(3iv)-Na(1)-O(1) 151.0(2) 
O(5)-Cd(1)-O(1) 125.67(14) O(3iv)-Na(1)-O(4i) 94.58(15) 
O(5)-Cd(1)-O(2) 90.34(16) O(3iv)-Na(1)-O(11B) 83.0(3) 
O(5)-Cd(1)-O(3i) 82.64(15) O(3iv)-Na(1)-O(11A) 93.2(6) 
O(5)-Cd(1)-O(4i) 128.83(14) O(4i)-Na(1)-Na(2iii) 41.85(10) 
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Table 4.6 Hydrogen bond geometry (Å,) for compound (2) 

  

Bond angle () (cont.) 
O(5)-Cd(1)-O(7ii) 80.40(12) O(4i)-Na(1)-O(11B) 177.5(4) 
O(5)-Cd(1)-O(8ii) 133.24(16) O(4i)-Na(1)-O(11A) 171.2(8) 
O(7ii)-Cd(1)-O(2) 85.03(14) O(9)-Na(1)-Na(2iii) 130.1(2) 
O(9)-Na(1)-O(1) 95.8(2) O(5)-Na(2)-O(10) 104.5(2) 
O(9)-Na(1)-O(3iv) 122.0(2) O(7ii)-Na(2)-Cd(1v) 133.30(13) 
O(9)-Na(1)-O(4i) 88.3(2) O(7ii)-Na(2)-Na(1v) 92.35(12) 
O(9)-Na(1)-O(11B) 93.2(4) O(7ii)-Na(2)-O(4vi) 94.98(14) 
O(9)-Na(1)- O(11A) 84.9(9) O(7ii)-Na(2)-O(10) 80.5(2) 
O(11A)-Na(1)-Na(2iii) 144.8(9) O(8vii)-Na(2)-Cd(1v) 38.83(8) 
Cd(1v)-Na(2)-Na(1v) 55.94(7) O(8vii)-Na(2)-Na(1v) 89.00(13) 
O(4vi)-Na(2)-Cd(1v) 38.59(8) O(8vii)-Na(2)-O(4vi) 77.01(13) 
O(4vi)-Na(2)-Na(1v) 37.87(11) O(8vii)-Na(2)-O(5) 110.18(16) 
O(5)-Na(2)-Cd(1v) 102.07(15) O(8vii)-Na(2)-O(7ii) 164.92(18) 
O(5)-Na(2)-Na(1v) 57.70(13) O(8vii)-Na(2)-O(10) 102.3(2) 
O(5)-Na(2)-O(4vi) 95.46(19) O(10)-Na(2)-Cd(1v) 139.3(2) 
O(5)-Na(2)-O(7ii) 83.03(17) O(10)-Na(2)-Na(1v) 161.75(19) 
O(10)-Na(2)-O(4vi) 158.7(2)   
Symmetry codes: i+x,-1+y,+z; ii-1+x,+y,+z; iii-y,+x,-1/4+z; iv1-y,+x,-1/4+z; v+y,-x,1/4+z; 
                         vi-1+y,-x,1/4+z; vii+y,1-x,1/4+z; viii+x,1+y,+z; ix-y,1+x,-1/4+z; x1+x,+y,+z 

D-H···A D-H H···A D···A D-H···A 
O9-H9B···O6 0.90 2.22 3.074(8) 159 
O10-H10B···O6vii 0.86 2.29 3.073(8) 152 
Symmetry code: (vii) y, -x+1, z+1/4. 
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4.2.3 Structural comparison 
To the best of our knowledge of structure closely related to 

compound (2), only the three-dimensional coordination framework {[CdNa(1,3-
bdc)2]·[NH2(CH3)2]} has been reported by Che and coworkers in 2007 [96]. This 
compound crystallized in the centrosymmetric space group C2/c. The Cd(II) and Na(I) 
centers are linked by a 1,3-bdc ligand in a µ4-coordination mode (Figure 4.19 (a)). The 
DMF solvent decomposes under solvothermal synthesis, with the construction of a 
3D coordination framework with open channels containing NH2(CH3)2 molecules as 
shown in Figure 4.19 (b). In comparison, compound (2) contains coordinated H2O and 
DMF molecules projecting into the framework channels. Other related three-
dimensional heterobimetallic d10- Na(I) coordination frameworks containing benzene 
polycarboxylate ligands have been published, such as [CdNa(OH-1,3-
bdc)2(H2O)2]·2H2O where OH-1,3-bdcH2 = 5-hydroxy-benzene-1,3-dicarboxylic acid 
[97], [Zn2Na2(1,4-bdc)3·(DMF)2·(H2O)2] where 1,4-bdcH2 = benzene-1,4-dicarboxylic acid 
[98], [ZnNa(1,2,4-btc)] where 1,2,4-btc = 1,2,4-benzenetricarboxylate [99] and 
[Cd8Na(ntc)6(H2O)8] where ntcH3 = 5-nitrobenzene-1,2,3-tricarboxylic acid [100]. The 
three dimensional coordination framework topologies of these compounds are the 
result of the construction of different types of metal centers, geometries and 
carboxylate ligand derivatives. It is found that the carboxylate ligand derivatives in 
the structure of these related compounds almost exhibit a µ4-coordination mode as 
presented in Figure 4.20(a) and 4.21(a). 
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Figure 4.19 (a) µ4-coordination mode of 1,3-bdc bridging ligand and (b) packing 
structure of {[CdNa(1,3-bdc)2]·[NH2(CH3)2]} with dimethylamine templating cations, 

viewed along the [111] direction [96] 
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Figure 4.20 (a) µ4-coordination mode of OH-1,3-bdc bridging ligands and (b) 
Perspective view of the 3D network in [CdNa(OH-1,3-bdc)2(H2O)2]·2H2O along the  

c axis [97] 
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Figure 4.21 (a) µ4-coordination mode of 1,4-bdc bridging ligands and (b) packing 
structure of [Zn2Na2(1,4-bdc)3(DMF)2(H2O)2], viewed along the a axis [98] 
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Figure 4.22 (a) µ10-coordination mode of 1,2,4-btc bridging ligands and (b) packing 
structure of [ZnNa(1,2,4-btc)], viewed along the a axis [99] 
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Figure 4.23 (a) µ5-coordination mode of ntc bridging ligands and (b) packing structure 

of [Cd8Na(ntc)6(H2O)8], viewed along the b axis [100] 
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4.2.4 Infrared spectra 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.24 IR spectra of (a) Cd(NO3)2·4H2O, (b) 1,3-bdcH2 and 
(c) {CdNa2(1,3-bdc)2(H2O)2(DMF)}n (2) 

 
To investigate the existence of the component in (2) by using the 

identification of the functional groups of synthesized coordination polymer, 
{CdNa2(1,3-bdc)2(H2O)2(DMF)}n (2) and compare with that of reactants, the FT-IR 
spectra of Cd(NO3)2·4H2O, 1,3-H2bdc and (2) were performed in range 4000 - 400 cm-1 
on a Perkin Elmer infrared spectrophotometer using a KBr pellet. 

The FT-IR spectrum of Cd(NO3)2·4H2O was revealed the 

characteristic absorption peak of NO3  group at 1396 cm-1 as presented in Figure 
4.24a. In Figure 4.24b, FT-IR spectrum of 1,3-bdcH2 was exhibited very broad bands at 
3200-2800 cm-1. This band results from the O-H stretching of the carboxylic groups. 
The characteristic band at 1691 cm-1 was assigned to the absorption of C=O groups. 
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(a) 

(b) 

For IR spectrum of (2), the absorption peak of nitrate group was not found, 
confirming the nitrate group was disappeared in (2). The broad absorption peak of   
O-H stretching in carboxylic acid group was not presented, indicating the carboxylic 
acid was fully deprotonated. The existence of strong bands in the 1614 and        
1558 cm-1 were attributed to the asymmetric stretching vibration and 1385 cm-1 was 
assigned to symmetric stretching vibration of COO  group, confirming for the presence 
of bdc ligands [97]. The absorption peak at 1671 cm-1 was assigned to the bending 
vibration of O-H of coordinated water molecules. The δ(O-C-O) out of plane vibration 
of bdc ring occurs at 740-724 cm-1 as shown in Figure 4.24c. 

 
4.2.5 Powder X-ray diffraction patterns 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4.25 PDXRD patterns of {CdNa2(1,3-bdc)2(H2O)2(DMF)}n (2) 

 
To confirm the phase purity of bulk solid sample, the powder X-ray 

diffraction (PDXRD) data was collected. The simulated and as-synthesized powder X-
ray diffraction pattern for compound (2) was shown in Figure 4.25. The peak positions 
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and intensities presented in the experimental patterns were in good agreement with 
the corresponding simulated one generated from single-crystal diffraction data, 
indicating the phase purity of the bulk compound. 
 

4.2.6 Thermogravimetric analysis 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 4.26 TGA curve of {CdNa2(1,3-bdc)2(H2O)2(DMF)}n (2) 
 

To study the thermal stability of compound (2), thermogravimetric 

measurement was carried out in the range 25 – 800 C under a nitrogen atmosphere 
and the result was shown in Figure 4.26. The TGA curve indicated that the first weight 

loss of 7.32 % (calculated 6.04 %) from 25 to 130 C was observed, corresponding to 
the removal of two coordinated water molecules. In the second step, a weight loss 
of 10.74 % (calculated 12.27 %) was observed in the temperature range of           

130 – 300 C, suggesting the loss of coordinated DMF molecules. Compound (2) was 

thermally stable up to ca 450 C. The framework was started to collapse with the 

-2H2O 

-DMF 
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loss of a bdc molecule per formula. Moreover, the remaining species was gradually 

decomposed to metal oxide at the temperature higher than 450 C. 
 

4.2.7 Scanning electron microscope /Energy-dispersive X-ray 
spectroscopy 
 
 
 
 
 
 
 
 

 
Figure 4.27 SEM image of compound 2 

 
 
 
 
 
 
 
 
 
 

Figure 4.28 EDX spectrum of (2) 
 

From the crystal structural data analysis, compound (2) consists of 
Na ions. To confirm the presence of Na ions in this framework, the SEM-EDX 
measurement was carried out.  The scanning electron microscope (SEM) was used to 

Element Weight % Atomic % 
C K 42.32 59.25 
O K 33.41 35.12 
Na K 3.44 2.52 
Cd K 20.83 3.12 
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determine the morphology of (2). As shown in Figure 4.27, the SEM image shows a 
block shape crystal of (2). Subsequently, the elemental composition was studied by 
energy-dispersive X-ray spectroscopy (EDX). The resulting EDX spectrum (Figure 4.28) 
reveals the amount of each element contained in this compound. Moreover, It can 
be confirmed the presence of Na ions in this framework. 

 
4.2.8 Sensing properties 

4.2.8.1 Solid state photoluminescence properties 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4.29 Solid state photoluminescence spectra of free 1,3-bdcH2 ligand and 
{CdNa2(1,3-bdc)2(H2O)2(DMF)}n (2) 

 
Coordination polymers constructed from d10-metal ions and 

conjugated aromatic linkers were known to be potential luminescent materials [57-
60]. Therefore, the solid-state photoluminescence properties of free 1,3-bdcH2 ligand 
and (2) were investigated and carried out by using a Horiba FluoroMax-4 spectro-
fluorometer at room temperature. The solid photoluminescence of 1,3-bdcH2 and (2) 
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under excitation at 305 nm is presented in Figure 4.29. The emission spectrum of free 
1,3-bdcH2 ligand was displayed at 362 nm, while that of (2) presents the 
fluorescence quenching. This quenching phenomenon may be occured from the 
conjugated part in crystalline framework of (2) are well separated by Cd(II) and Na(I) 
ions to avoid the typical face-to-face π-π interactions of this type of large planar 
aromatic molecules [57].  
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4.2.8.2 The photoluminescent sensing for various small organic 
solvents 

Photoluminescent sensing properties in liquid suspension of 
compound (2) in various organic solvents were studied. Interestingly, the results 
revealed that compound (2) shows emission spectra in presence of different solvent. 
Homogenous suspension of (2) was prepared by immersing 2 mg of finely ground 
fresh sample to 3 ml different organic solvents without any activation. Consequently, 
the liquid suspension was treated by ultrasonic dispersion for 30 minutes, and then 
aged for 2 days to produce the stable suspensions. The fluorescent emission was 
carried out upon excitation at 300 nm. The various small organic solvents such as 
acetone (AC), dimethylsulfoxide (DMSO), dichloromethane (DCM), ethanol (EtOH), 
methanol (MeOH), benzene, toluene, hexane and tetrahydrofuran (THF) had been 
selected to test for this experiment.  

 
 
 
 
 
 
 
 
 
 
 

Figure 4.30 (a) Emission spectra of (2) and (b) relative emission intensities dispersed 
in various small organic solvents  

In Figure 4.30, among the selected small organic solvents, 
suspension of (2) in ethanol exhibited strongest emission and acetone exhibited 
highest quenching. Therefore, ethanol was used as the suspension medium for study 
in the next step of other experiments. 

a) b) 
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4.2.8.3 Sensing sensitivity study for acetone 

 
 
 
 
 
 
 
 
 
 
 

Figure 4.31 (a) PL spectra of the dispersed (2) in EtOH in the presence of various 
concentrations of the acetone and (b) Plot of the PL quenching efficiency of gradual 

additional amounts of acetone of compound 2. 
 

To study the photoluminescent sensing sensitivity of 
compound (2) in acetone, a batch of suspension (2) dispersed in ethanol with 
gradually increasing acetone contents in range of 0.02 – 8.00 % v/v was prepared to 
record the emission spectra. A gradual decrease of the fluorescence intensity was 
observed upon the addition of acetone content to the ethanol suspension of (2) 
(Figure 4.31a).  

As illustrated in Figure 4.31b, the fluorescence quenching 
efficiency drastically increased within low concentration of acetone (0 - 0.10 % v/v). 
A good linear correlation (R2 = 0.997) of fitting plot between the quenching efficiency 
and the acetone content was obtained. From the slopes of the fitting lines, the 
detection limit was calculated (calculated by using 3σ/m, m: slope, σ: SD) to be 
0.024 % v/v or 240 ppm (Figure 4.32) 

 

a) b) 
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Figure 4.32 Fitting plots of the quenching efficiency of acetone (0 - 0.10 % v/v) on 
the emissions of the suspensions of compound (2), ex = 300 nm. 

The physical interaction of the solute and solvent plays an 
important role in both fluorescence enhancing and quenching effects of small 
solvent molecules. The observed fluorescence quenching effect may be attributed 
to the interactions between the framework and small organic molecules. The 
quenching mechanism is due to a competition of adsorption of the light source 
energy between the excited CPs and acetone molecules adsorbed on the surface of 
the CPs particles. The energy absorbed by the organic ligands in CPs is transferred to 
acetone molecules, resulting in a decrease in the luminescence intensity [101,102]. 
To further support this mechanism, we have examined the UV-Vis absorption spectra 
of acetone and other tested organic solvents (Figure 4.33). It was found that the 
absorption spectrum of acetone (230 – 340 nm) overlaps with the emission peak of 
suspension of compound (2) in ethanol (310 – 420 nm), which possible enhance the 
energy transfer in acetone sensing systems. In contrast, other tested organic solvents 
do not have absorption above 280 nm. 
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Figure 4.33 UV-Vis spectra of small organic solvents 
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4.2.8.4 Sensing selectivity study for acetone 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4.34 Quenching efficiency of (2) upon the addition of different organics (red) 

and subsequent addition of acetone (black), ex = 300 nm. 
 

Furthermore, the anti-interference ability of (2) against other 
small organic solvents such as methanol (MeOH), dichloromethane (DCM), 
dimethylsulfoxide (DMSO), toluene, benzene, hexane and tetrahydrofuran (THF) was 
also investigated by introducing these other organic solvents and acetone into the 
ethanol suspension and the quenching efficiency were evaluated by using the 
formula [(1-I/I0) x 100] whereas I is the maximum fluorescence intensity of (2) in 
ethanol with an addition of organics solvent, while I0 is that of (2) dispersed in pure 
ethanol. The result shows that the influence of the mixing other organic solvent has 
been weak affected on the luminescence intensity of (2) (Figure 4.34). Hence 
compound (2) presents the good acetone photoluminescent sensing.  
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4.2.9 Crystal structure of {[Cd2(1,3-bdc)2(DMF)]·DMF·2H2O}n (3) 

4.2.9.1 Crystal structural determination 
The intensity data of (3) were collected on a single crystal of 

size 0.35 x 0.12 x 0.05 mm3 at 293 K. Reflection data of this compound were 
collected on a Bruker APEXII D8 QUEST CMOS diffractometer [94]. The reflections 
were integrated using SAINT program [94] and intensity data were corrected for 
Lorentz and polarization effects. Empirical absorption corrections were applied with 
SADABS program [94]. The structures were solved and refined by the SHELXT 
program [95]. All hydrogen atoms except those of water molecules were 
geometrically generated and isotropically refined using a riding model, with C-H = 
0.93 Å and Uiso(H) = 1.2Ueq(C). The coordinated DMF molecule was found to be 
disordered with two set of sites with a refined occupancy ratio of 0.50 and 0.50. The 
hydrogen atom of two lattice water molecules could be not located. 
 

4.2.9.2 Structural description 
There is a new coordination polymer, {[Cd2(1,3-bdc)2(DMF)]·      

DMF·2H2O}n (3) was prepared by using the same synthetic of compound (2). However, 
this compound could not be repeated. In this thesis, the structural description of this 
compound are included and reported as the following. 

Compound {[Cd2(1,3-bdc)2(DMF)]·DMF·2H2O}n (3) crystallizes 
in the triclinic system with P-1 space group. Crystallographic and refinement data was 

presented in Table 4.7. The selected bond lengths (Å) and angles () were listed in 
Table 4.8. 

The structure of this compound is composed of the 
trinuclear Cd SBUs which there are two crystallographically independent Cd(II) ions, 
Cd2 center connected together by 1,3-bdc2- bridging ligands. In trinuclear SBUs, two 
Cd1 atoms on the side position are coordinated by five oxygen atom from four 
distinct 1,3-bdc2- ligands [Cd-O = 2.194(2) - 2.499(2) Å] and one oxygen atom from 
terminally coordinated DMF molecule [Cd-O = 2.381(7) Å], forming a distorted 
octahedral geometry. The Cd2 atom is in the middle position which locate on the 
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centrosymmetry inversion, also shows octahedrally coordinated by six oxygen atoms 
from six 1,3-bdc2- ligands [Cd-O = 2.209(2) - 2.373(2) Å] as presented in Figure 4.35.  
 

 
 
 
Figure 4.35 (a) Asymmetric unit and (b) Coordination environment around the Cd(II) 

ions in the trinuclear SBU of (3)  

The fully deprotonated carboxylate groups of the 1,3-bdc2- ligand 
adopt µ3- and µ4-coordination modes as shown in Figure 4.36. Cd2 in central position 
and Cd1 in terminal position in one SBU are bridged by two carboxyl groups in 
bidentate mode and one carboxyl group in bridging chelate mode with Cd-Cd 
distances of 3.756 Å. Furthermore, each trinuclear SBU is further connected together 
via 1,3-bdc2- ligand in a and c axis to form 2D frameworks as shown in Figure 4.37. 
The coordination network of compound (3) is stabilized by hydrogen bonding (Table 
4.9) and CH···π interaction between 2D layers, resulting 3D supramolecular 
framework. 
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Cd1 
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Figure 4.36 (a) µ3- and (b) µ4-coordination modes of 1,3-bdc 2- ligand in (3) 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.37 2D framework of compound (3)  
Hydrogen atoms and lattice DMF and waters molecules are omitted for clarity.  
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Table 4.7 Crystallographic and refinement data for compound (3) 

R = F0- Fc/ F0, Rw = [w {F0-Fc}2/F0
2]1/2 

 

Empirical formula C44H44Cd3N4O24 
Formula weight 1392.96 
Temperature/K 293 (2) 
Crystal system Triclinic 
Space group P-1 
Unit cell dimensions           a/Å 9.859(3) 
                                        b/Å  11.752(4) 
                                        c/Å 13.309(4) 

                                        α/ 109.672(9) 

                                        / 95.979(9) 

                                        / 112.548(9) 

Volume/Å3 1291.9(7) 
Z 1 
Density (calculated) g.cm3 1.735 
Absorption coefficient (µ)/mm-1 1.311 
F(000) 672 
Crystal size/mm3 0.35 x 0.12 x 0.05 

2ϴ range for data collection/ 5.46 – 56.52 

Index ranges -13 ≤ h ≤13, -15 ≤ k ≤ 15, -17 ≤ l ≤ 17 
Reflections collected  49152 
Independent reflections 6389[Rint = 0.0420, Rsigma = 0.0272] 
Data/restraints/parameters 6389/0/373 
Goodness-of-fit on F2 1.079 

Final R indexes [I>=2σ(I)] R1 = 0.0448, wR2 = 0.1267 

Final R indexes [all data] R1 = 0.0500, wR2 = 0.1306 
Largest diff. peak/hole/eÅ-3 2.747, -0.865 
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Table 4.8 Selected bond lengths (Å) and angles () for compound (3) 

Bond lengths (Å) 
Cd(1)-O(1) 2.499(2) Cd(2)-O(2iii) 2.373(2) 
Cd(1)-O(2) 2.348(2) Cd(2)-O(2) 2.373(2) 
Cd(1)-O(5) 2.267(3) Cd(2)-O(6) 2.209(2) 
Cd(1)-O(4i) 2.352(3) Cd(2)-O(6iii) 2.209(2) 
Cd(1)-O(7ii ) 2.194(2) Cd(2)-O(3iv) 2.277(3) 
Cd(1)-O(9A) 2.381(7) Cd(2)-O(3i) 2.277(3) 
Cd(1)-O(9B) 2.387(12)   
Symmetry codes:  i-1+x,+y,+z; ii1-x,1-y,1-z; iii1-x,1-y,-z; iv2-x,1-y,-z; v1+x,+y,+z 

Bond angle () 
O(2)-Cd(1)-O(1) 53.41(7) O(9A)-Cd(1)-O(1) 90.7(3) 
O(2)-Cd(1)-O(4i) 126.30(10) O(9B)-Cd(1)-O(1) 84.3(5) 
O(2)-Cd(1)-O(9A) 90.5(3) O(2)-Cd(2)-O(2iii) 180.0 
O(2)-Cd(1)-O(9B) 85.4(5) O(6)-Cd(2)-O(2iii) 87.26(9) 
O(5)-Cd(1)-O(1) 95.54(11) O(6iii)-Cd(2)-O(2iii) 92.74(9) 
O(5)-Cd(1)-O(2) 87.07(10) O(6)-Cd(2)-O(2) 92.74(9) 
O(5)-Cd(1)-O(9A) 170.1(2) O(6iii)- Cd(2)-O(2) 87.26(9) 
O(5)-Cd(1)-O(9B ) 170.7(4) O(6)-Cd(2)-O(6iii) 180.0 
O(4i)-Cd(1)-O(1) 166.15(10) O(6)- Cd(2)-O(3iv) 89.87(13) 
O(4i)-Cd(1)-O(9A) 79.6(3) O(6)- Cd(2)-O(3i) 90.13(13) 
O(4i)-Cd(1)-O(9B) 85.6(4) O(6iii )- Cd(2)-O(3i) 89.87(13) 
O(7ii)-Cd(1)-O(1) 98.36(10) O(6iii )- Cd(2)-O(3iv) 90.13(13) 
O(7ii)-Cd(1)-O(2) 149.61(10) O(3i)- Cd(2)-O(2) 74.54(10) 
O(7ii)-Cd(1)-O(5) 84.70(10) O(3iv)- Cd(2)-O(2) 105.46(10) 
O(7ii)-Cd(1)-O(4i) 93.33(11) O(3iv)- Cd(2)-O(2iii) 74.54(10) 
O(7ii)-Cd(1)-O(9A) 102.0(3) O(3i)- Cd(2)-O(2iii) 105.46(10) 
O(7ii)-Cd(1)-O(9B) 104.5(4) O(3iv)- Cd(2)-O(3i) 180.00(19) 
Symmetry codes:  i-1+x,+y,+z; ii1-x,1-y,1-z; iii1-x,1-y,-z; iv2-x,1-y,-z; v1+x,+y,+z 
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Table 4.9 Hydrogen bond geometry (Å,) for compound (3) 

 
4.2.9.3 Structural comparison 

To the best of our knowledge of structure closely related to 
compound (3), the 3D Co(II) coordination polymer containing trinuclear SBUs 
[H2N(CH3)2]2[Co3(1,3-bdc)4]·H2O (1,3-bdcH2=1,3-benzenedicarboxylic acid) has been 
reported by Luo and coworkers in 2008 [103]. This compound crystallized in the 
monoclinic space group P21/c. Each trinuclear SBUs in this structure contains two 
crystallographically independent Co(II) atoms as shown in Figure 4.38(a). All Co(II) 
atoms are in [CoO6], octahedral geometry. The central and a side Co(II) atoms in a 
SBU are bridged by two carboxyl groups with the Co···Co separation of ca. 3.533 Å, 
while the Cd(II)···Cd(II) separation in compound (3) is ca. 3.756 Å. Further, all 
trinuclear SBUs are connected together via 1,3-bdc2- bridging ligand in µ3- and        
µ4-coordination mode to give the 3D coordination framework as shown in Figure 
4.38(b). 

Other related coordination polymer with trinuclear SBUs 
containing 1,3-benzendicarboxylate derivative ligand have been published, such as 
[Mn3(5-py-1,3-bdc)2(HCOO)2(H2O)2]n where 5-py-1,3-bdcH2 = 5-(pyridin-4-yl) isophthalic 
acid [104] and [Mn3(5-ID-1,3-bdc)3(DMA)(H2O)2]n·[(H2O)(DMA)] where (5-ID-1,3-bdcH2=5-
(1-oxoisoindolin-2-yl) isophthalic acid [105]. The trinuclear SBUs and packing structure 
of both compounds are shown in Figures 4.39 and 4.40 

D-H···A D-H H···A D···A D-H···A 
Intramolecular hydrogen bonds 
C3-H3···O6vi 0.93 2.58 3.504(7) 173 
C18-H18A···O10 0.96 2.42 2.792(15) 103 
Intermolecular hydrogen bonds 
C21-H21···O12viii 0.93 2.38 3.112(16) 135 
C22A-H22E···O10vii 0.96 2.60 3.46(3) 150 
Symmetry code: vi1-x, 1-y, -z, vii1+x, 1+y, z, viiix, 1+y, z 
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Figure 4.38 (a) Trinuclear SBUs and (b) packing structure of  

[H2N(CH3)2]2[Co3(1,3-bdc)4]·H2O [103] 
 
 
 

 
 

 

 
 

 
 

Figure 4.39 (a) Trinuclear SBUs and (b) packing structure of  
[Mn3(5-py-1,3-bdc)2(HCOO)2(H2O)2]n [104] 
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(a) (b) 

 
 
 
 
 
 
 
 
 
 

 
 

 
Figure 4.40 (a) Trinuclear SBUs and (b) packing structure of  

[Mn3(5-ID-1,3-bdc)3(DMA)(H2O)2]n·n[(H2O)(DMA)] [105] 
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CHAPTER 5 
CONCLUSIONS AND RECOMMENDATIONS 

 
5.1 Conclusions 
 

This research concerns about the design, synthesis, characterization and 
properties studies of novel coordination polymers by using aromatic dicarboxylate 
ligands. In this research, pyridine-2,6-dicarboxylic acid (2,6-dipicH2) and benzene-1,3-
dicarboxylic acid (1,3-bdcH2) were chosen for used as bridging ligand. Three novel 
coordination polymers namely [Zn(2,6-dipic)]n (1), {CdNa2(1,3-bdc)2(H2O)2(DMF)}n (2) 
and {[Cd2(1,3-bdc)2(DMF)]·DMF·2H2O}n (3) were successfully synthesized  in both of 
crystalline and precipitate forms by direct method. Crystal structures of all 
synthesized coordination polymers were carried out by using single crystal X-ray 
diffraction technique. In addition, compound (1) and (2) were characterized by 
various techniques namely Fourier transform infrared spectroscopy, elemental 
analysis, powder X-ray diffraction, energy dispersive X-ray spectroscopy, 
thermogravimetric analysis and solid-state photoluminescence spectroscopy. 
Moreover, catalytic properties of (1) and solvent sensing properties of (2) were 
investigated. According to the previous chapters, the summarization and 
recommendations of this study are presented. 

 
5.1.1 A novel 2D coordination polymer [Zn(2,6-dipic)]n (1) 

Compound (1) was synthesized by the reaction of Zn(NO3)2·4H2O, 
pyridine-2,6-dicarboxylic acid and NaOH in mixed solvent of methanol and water at 

60 C. The obtained product was characterized by FT-IR technique, in which the 
results showed the existence of 2,6-dipic2- in this structure. The X-ray crystal 
structure of compound (1) presents interesting 2D coordination network containing 
three crystallographic independent Zn(II) centers which adopt octahedral, trigonal 
bypyramidal and tetrahedral geometries. All Zn(II) centers are linked together via 2,6-
dipic2- with µ3-coordination mode. The phase purity of crystalline and powder 
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products of (1) were confirmed by PDXRD technique. Thermal stability of (1) is highly 

stable at high temperature to about 450 C. For the luminescence property, 
compound (1) presented the fluorescence enhancement and intense emission bands 
which observed at 417 nm, which may be attributed to ligand to metal charge 
transfer (LMCT) band. Finally, the catalytic activity of compound (1) in 
transesterification reaction of phenyl acetate and methanol was preliminary studied. 

The results showed that the optimal reaction condition is 75 C for 48 h, with the 
maximum yields of methyl acetate of 53.50 %. Moreover, compound (1) can be 
reused at least 2 cycles without any significant loss of catalytic activity. 

 
5.1.2 A novel 3D coordination polymer {CdNa2(1,3-bdc)2 - 

(H2O)2(DMF)} n (2) 
This compound was synthesized by the reaction of Cd(NO3)2·4H2O, 

benzene-1,3-dicarboxylic acid and NaOH in mixed solvent of methanol, water and 

DMF at 60 C. The obtained product was characterized by FT-IR technique, in which 
the results showed the existence of 1,3-bdc2-, water and DMF in this structure.      
The X-ray crystal structure of compound (2) is 3D coordination framework. All metal 
centers are connected together via 1,3-bdc2- in µ5-coordination mode. In addition, 
the presence of Na(I) ions in this framework was also confirmed by SEM-EDX 
technique. The phase purity of crystalline and powder products of (2) were 

confirmed by PXRD technique. Compound (2) is thermally stable up to 450 C. The 
solid-state luminescence spectra of (2) exhibited quenching phenomenon when 
compared with free 1,3-bdcH2 ligand. Finally, the luminescence sensing properties in 
liquid suspension of (2) in different small organic solvents were studied. It was 
observed that compound (2) shows interesting emission profile in presence of 
acetone, DMSO, EtOH, MeOH, DCM, benzene, toluene, hexane and THF solvents. 
Fluorescence emission of compound (2) suspended in ethanol solvent was observed 
to be efficiently and selectively quenched by acetone (LOD = 0.024 %v/v or 240 
ppm) over the other common solvents. These results reveal potential application of 
compound (2) as a luminescent sensing material for acetone detection.  
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In addition, {[Cd2(1,3-bdc)2(DMF)]·DMF·2H2O}n (3) was received by 
using the same synthetic condition of compound (2). Unfortunately, compound (3) 
could not be reproduced. In this thesis, only the structural feature of this compound 
is reported. The X-ray structure of compound (3) is 2D coordination network 
constructing from trinuclear Cd(II) SBUs which are linked together by 1,3-bdc bridging 
ligand with µ3- and µ4-coordination modes.  

 
5.2 Recommendations 

5.2.1 The properties studies of a novel 2D coordination polymer 
[Zn(2,6-dipic)]n (1)  

5.2.1.1 To further study the catalytic performance of compound (1) 
with transesterification reaction, the reaction of other substrates such as                 
4-nitrophenyl acetate, 4-methylphenyl acetate, phenyl benzoate and vinyl acetate 
should be investigated.   

5.2.1.2 In order to further apply in catalytic acitivity, compound (1) 
should be tested in the other organic reaction such as cyanosilylation, oxidation and 
Henry reaction [52]. 
 

5.2.2 The properties studies of a novel 3D coordination polymer 
{CdNa2(1,3-bdc)2(H2O)2(DMF)} n (2)  

5.2.2.1 To prevent the coordination of Na(I) ions with organic linkers, 
the suitable chelating agent such as phosphate ion should be used in the synthesis 
procedure.  

5.2.2.2 The result of thermogravimetric analysis (TGA) indicates that 
compound (2) readily lost terminal pendant DMF and H2O molecules in the 

temperature range of 25-300 C. Therefore, the removal of terminal pendant DMF 
and H2O molecules should be performed to activate compound (2) for further 
applications such as gas absorption. The porosity of activated compound (2) should 
be studied by using Brunauer–Emmett–Teller (BET) analysis. Moreover, the guest-
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exchange properties of activated compound (2) should be tested by soaking in 
various type of organic solvents. 
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APPENDIX A 
THE CATALYTIC STUDY 

 

For the optimal condition: 75 C, 48 h with a 1:6 molar ratio of PA: methanol 

 

 
Figure S1 Calibration curve for calculating the methyl acetate yields (%) 

 
 
 
 
 

 
 
 
 
 
 
 

Figure S2 Gas chromatogram of product from optimal condition 
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 Methyl acetate yield (%) calculation 
 

Peak area Mole of methyl acetate 
produced (mmol) 1 2 3 Average 

1244955.2 1103846.5 1227463.8 1192088.5 5.35 
 
 

Methyl acetate yields      
Mole of methyl acetate product
Mole of initial phenyl acetate    100  

 

           
5.35
10     100   53.5 % 

 
Table S1 The optimal operating conditions for GC-FID used  
 
Condition 
Injection volume 1 µL 
Injection mode Split 
Carrier Gas He 
Flow control mode Velocity 
Linear velocity 20.0 cm/sec 
Column Rtxwax 

Column temperature program 35 C, hold 2.0 min 

 20 C/min to 55 C 

 40 C/min to 220 C, hold 5.0 min 

 Total program time: 12.13 min 

Flame ionization detector (FID) 230 C 
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APPENDIX B 
THE SOLVENT SENSING STUDY 

 

 
 
 
 
 
 
 
 
 

Figure S3 Solid UV-Vis spectra of 1,3-bdcH2 and compound (2) 

 
 
 
 

 
Figure S4 UV-Vis spectrum of acetone 
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Figure S5 UV-Vis spectrum of hexane 

 
 
 

 
Figure S6 UV-Vis spectrum of methanol 
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Figure S7 UV-Vis spectrum of Ethanol 

 
 
 
 

 
Figure S8 UV-Vis spectrum of dichloromethane 
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Figure S9 UV-Vis spectrum of dimethyl sulfoxide 

 
 
 
 
 

 
Figure S10 UV-Vis spectrum of benzene 
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Figure S11 UV-Vis spectrum of toluene 

 
 
 

 
Figure S12 UV-Vis spectrum of tetrahydrofuran 
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