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Abstract:Solvothermal reactions of tetrakis(4-pyridyloxymethyl)methane (TPOM) and 4,4’-

oxybisbenzoic acid (H2oba) with different metal ions under different synthesis temperature 

produced three new coordination polymers (CPs), namely, {[Co2(TPOM)(oba)2(H2O)2]}n (1), 

{[Zn2(TPOM)(oba)2]}n (2) and {[Cd2(TPOM)(oba)2(H2O)2]}n (3). 1 and 3 present similar 

topological structure which could be analyzed by two different ways. 2 exhibits a rare porous 

structure assembled by tetra-pyridinate ligand TPOM. The luminescent properties of 2 and 3 as 

well as the corresponding sample immersed in different solvents had been investigated, which 

suggested the potential application in luminescent sensing. In addition, the dyes and iodine 

adsorption properties of activated sample of 2 were also investigated. All of the results indicate 

that the proper selection of metal ions and auxiliary ligands plays the important roles in 

constructing porous coordination polymers. 

 

 

Introduction 

Considerable attention on coordination polymers (CPs), 
especially porous CPs (PCPs), stems from not only their 
intrinsic topological network but potential applications as 
molecular separation, magnetism, chiral catalysis, gas storage 
and photo-luminescent properties.1-5 However, the controllable 
construction of CPs with desired properties still poses a great 
challenge, which might be caused by the complicated synthesis 
conditions as reaction temperature, pH value, solvent system, 
and metal ions.6-11 Comparably, proper design and selection of 
organic linkers with modifiable backbone and high connectivity 
would be of facile route to modulate novel network topologies 
with anticipated properties,12 which have been validated by 
various carboxyl ligands.13 In contrast, CPs constructed by 
highly-connected flexible N-bridging ligands are relatively 
limited. Tetrakis(4-pyridyloxymethyl) methane (TPOM) 
exhibits variable configurations because the pyridyl arms could 
twist around the central quaternary carbon atom randomly. 
Various CPs that exhibit different topologies and functional 
properties have been explored by our group and other ones, in 
which dense packing structures were usually presented. 14 In 
contrast, the relevant PCPs were rarely reported that might be 
caused by the flexible configuration of tetra-pyridinate ligand. 
  To rationally construct porous framework containing this 
flexible tetra-pyridyl ligand, the proper selection of auxiliary 
carboxyl ligands might be of the important key. The auxiliary 
ligands that exhibit effective length and specific rigid 
connection mode would be facile to result in porous framework 
with TPOM. For example, utilizing the bent 4,4’-
(Hexafluoroisopropylidene)bis(benzoic acid) (H2hfipbb) 

reacted with cadmium and TPOM, three novel interpenetrated 
polymers were obtained, and porous structure of single skeleton 
truly presented even the pores are blocked by the same 
skeletons. Inspired by this idea, a bent dicarboxyl ligand, 4,4’-
oxybisbenzoic acid (H2oba), was selected to try to assemble the 
PCPs with TPOM ligand. 15 Compared to H2hfipbb, H2oba has 
no sites as F atoms to form the intricate interactions with other 
skeleton, which might generate unique porous architectures. 
With all the above considerations in mind, we reported the 
synthesis and characterization of three novel CPs assembled 
from the tetra-pyridines linker, H2oba and series of metal 
cations under different synthesis temperature, namely, 
{[Co2(TPOM)(oba)2(H2O)2]}n (1), {[Zn2(TPOM)(oba)2]}n (2) 
and {[Cd2(TPOM)(oba)2(H2O)2]}n (3). The new compounds are 
characterized by elemental analysis, IR spectra, and X-ray 
crystallography. Crystal structures, topological analyses of 
these compounds are presented in detail. 
 

Results and discussion 

Crystal structure of 1  

Compound 1 crystallizes in the monoclinic space group C2/c, 
and the asymmetric unit, shown in Figure 1, contains two Co 
atoms, one complete tetra-pyridine ligand and two deprotonated 
dicarboxyl ligands. Each of the Co atom could be considered as 
penta-coordinate environment with its coordination sphere 
being a slightly distorted trigonal bipyramid, which is 
surrounded by one coordinated aqua molecule, two pyridyl N 
atoms of different TPOM ligands and two different types of 
carboxyls exhibited mono-dentate and chelated modes. The Co-
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N and Co-O bond lengths range from 2.048(2) to 2.313(3) Å, in 
accordance with the reported CoII-N or -O bond lengths. 

Table 1 crystal data of 1 -3 

 1 2 3 

formula C53H48Co2N4O16 C59H70N6O24Zn2 C53H48Cd2N4O16 
Formula Mass 1114.75 1377.99 1221.71 
Crystal system Monoclinic Monoclinic Monoclinic 

a/Å 47.02(6) 18.894(4) 46.403 
b/Å 10.771(7) 20.963(4) 11.125 
c/Å 23.78(3) 22.381(5) 24.144 
β/° 94.87(6) 114.95(3) 98.48 

 volume/Å3 12000(23) 8037(3) 12327.7 
Space group C2/c C2/c C2/c 

Z 8 4 8 
Final R1 values  0.0926 0.1341 0.0710 
Final R1 values  0.1626 0.1499 0.1618 

 
Figure 1. ORTEP drawing (30% probability) of the asymmetric unit of 1 along with 

the atom numbering scheme. ( H atoms were omitted for clarity ) 

 
Figure 2. the perspective view of the circle structure of tetra-cobalt ions formed 

by the di-carboxyl ligand. 

  For 1, oxa connects two cobalt ions by its two carboxyl 
groups in different coordination mode: monodentate and chelate 
mode. In this way, a tetra-cobalt circle is formed by the 
connection of four oxa ligands, which is further stabilized by 
eight TPOM ligands, shown in figure 2. The inherently flexible 
tetrapyridyl ligand TPOM adopts a highly distorted tetrahedral 
disposition of the four pyridyl groups, each of which connects a 
distinct Co atom with N···Ccentral···N angles ranging from 
110.47(12)º to 133.43(11)º ( two Co1 atoms and two Co2 
atoms). In other way, each TPOM ligand connects four teter-
cobalt cicles, shown in figure 3. As such, a 3D packing crystal 
structure is formed. 

 
Figure 3. the perspective view of the coordination mode of TPOM. 

 
Figure 4. the view of the 3D structure of complex 1 in a simplified ball-and-stick 

model: the red, green and blue balls represent the 4-connected TPOM ligands, 

Co1 atoms and Co2 atoms, respectively. 

 
Figure 5. the view of the 3D structure of complex 1 in a simplified ball-and-stick 

model: the red and blue balls represent the 4-connected TPOM ligands and 

eight-connected tetra-cobalt circles, respectively. 

  In order to fully investigate the topological structure of 1, the 
topological structure of 1 was analyzed in two different ways: 
1)Generally, considering two types of crystallographically 
distinct cobalt ions, oxa ligands and TPOM ligands as four-, 
two- and four-connecting nodes, the overall structure of 1 
topologically possesses a novel 4,4,4-connected 3-nodal net 
with the point (Schläfli) symbol {42·104}{42·62·82}2 calculated 
with TOPOS software (figure 4).16 This net was simplified to 
analyze supernet-subnet relations by TOPOS as subnet of the 
4,4,4-connected topology, and has never been observed in CPs. 
2) considering the tetra-cobalt circles and TPOM ligands as 
four- and eight-connecting nodes, the overall structure of 1 
topologically possesses a novel 4,8-connected 2-nodal net with 
the point (Schläfli) symbol {412·816}{42·84}2 calculated with 
TOPOS software. This net was simplified to analyze supernet-
subnet relations by TOPOS as subnet of the 4,8-connected 
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topology, and has never been observed in CPs (figure 5). 
Therefore, two novel topological symbols had been presented, 
which are helpful to give the complements in topological 
structures.  

Crystal structure of 3 

By utilizing the cadmium ion, a new polymer presented similar 
topological structure of 1 was obtained. Compound 3 also 
crystallizes in the monoclinic space group C2/c, and the 
asymmetric unit, shown in Figure 6, contains two Cd atoms, 
one complete tetra-pyridine ligand and two deprotonated 
dicarboxyl ligands. Each of the Cd atoms could be considered 
as penta-coordinate environment with its coordination sphere 
being a slightly distorted trigonal bipyramid, which is 
surrounded by one coordinated aqua molecule, two pyridyl N 
atoms of different TPOM ligands and two different types of 
carboxyls exhibited mono-dentate and chelated modes. The Cd-
N and Cd-O bond lengths range from 2.193(2) to 2.477(3) Å, in 
accordance with the reported CdII-N or -O bond lengths. 
Similar tetra-nuclear ring is also formed only by oxa ligands, 
which is further interconnected by TPOM ligands with the 
N···Ccentral···N angles ranging from 90.68(12)º to 115.16(11)º 
to form the 3D structure. Topological and XRD experiment 
reveal that 3 presents the similar structure with 1. Calculated 
using the PLATON routine, the solvent accessible volume in 
the dehydrated structure of 3 is about 22.4%.The larger volume 
effect of Cd ion must be responsible for the porous structure of 
3 compared to Co ion in 1. 

 
Figure 6. ORTEP drawing (30% probability) of the asymmetric unit of 3 along with 

the atom numbering scheme. ( H atoms were omitted for clarity ) 

Crystal structure of 2 

 
Figure 7. ORTEP drawing (30% probability) of the asymmetric unit of 2 along with 

the atom numbering scheme. 

Substituting the cobalt ion by zinc ion, a distinct structure was 

formed. Compound 2 also crystallizes in the monoclinic space 

group C2/c, and the asymmetric unit, shown in Figure 7, 

contains one Zn atom, half tetra-pyridine ligand and one 

deprotonated dicarboxyl ligand. Each of the Zn atom could be 

considered as tetra-coordinate environment with its 

coordination sphere being a slightly distorted tetrahedron, 

which is surrounded by two pyridyl N atoms of different TPOM 

ligands and two monodentate carboxyls from two oxa ligands. 

The Zn-N and Zn-O bond lengths range from 1.934(2) to 

2.052(3) Å, in accordance with the reported ZnII-N or -O bond 

lengths. 

 
Figure 8. a) the perspective view of the 2D layer of 2 constructed only by zinc 

ions and TPOM ligands; b) 3D packing structure of 2 along c-axial dirction. 

  For 2, The inherently flexible tetrapyridyl ligand TPOM 
adopts a highly distorted tetrahedral disposition of the four 
pyridyl groups, each of which connects a distinct Zn atom with 
N···Ccentral···N angles ranging from 92.51(12)º to 115.22(11)º to 
form the 2D layer structure in ab plane ( figure 8 ). In addition, 
oxa ligands bridged two zinc ions via its two mono-dentate 
carboxyls, and capped onto the sides of 2D zinc-TPOM layer. 
As such, a tape-like structure composed of two layers of zinc 
atoms with coordinated oxa ligands and one “sandwiched” 
layer of 4-connected bridging TPOM ligands is assembled. 
Square-shaped pores can be clearly identified along the 
crystallographic c-axis after the pack of “sandwiched” layer 
( Figure 8 ). Calculated using the PLATON routine, the solvent 
accessible volume in the dehydrated structure of 2 is about 
49.9%. 

 
Figure 9. the view of the 3D structure of complex 2 in a simplified ball-and-stick 

model: the yellow and dark and light blue balls represent the 4-connected TPOM 

and cobalt ions, respectively. 
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  Considering the zinc ions, oxa ligands and TPOM ligands as 
four-, two- and four-connecting nodes, the overall structure of 2 
topologically possesses a novel 4,4-connected 2-nodal 4,4L35 
net with the point (Schläfli) symbol {54·62}{55·8}2 calculated 
with TOPOS software (figure 9).16 

Thermal stability 

The thermogravimetric (TG) analysis was performed in N2 
atmosphere on polycrystalline samples of complexes 1-3 and 
the TGA curves are shown in Figure S1. The TGA curve of 1 
shows the first weight loss of 10 % in the temperature range of 
25 – 120 oC, which indicates the loss of lattice molecules per 
formula unit. The metal–organic framework retains until 370 oC, 
and then starts to decompose accompanying loss of organic 
ligands. Similar thermal stability of 3 could be observed, which 
is assigned to the loss of aqua molecules. For 2, the quick 
weight loss from 20 to 120 oC attributed to the release of guest 
molecules, then the framework retains in the temperature range 
of 70–350 oC, and then decompose. The thermal stability of 
these CPs must be assigned to the highly-connected mode 
between the organic ligands and metal ions. 

Luminescent properties of 2 and 3 

 
Figure 10. luminescent properties of fresh and desolvated sample of 2 (a), and 

fresh sample and sample containing different solvents of 3 (b). 

The luminescent properties of 2 and 3 were investigated in the 
solid state at room temperature. Compared to the free ligand 
TPOM and H2oba, 14,15 2 exhibits two peaks at 360 and 380 nm, 
which might originate from ligand-to-metal charge transitions 
(figure 10a). Comparably, the desolvated samples were 
immersed in different solvent, and only one peak at 370 nm 
were observed. XRD analysis reveals that the whole framework 
of desolvated sample is still stable (figure S2), and the variable 
luminescent properties might be ascribed to the effect of lattice 
molecules. However, complex 3 exhibits one peak at around 
370 nm (figure 10b) which might be assigned to ligand-to-

metal charge transfer. In addition, the desolvated sample was 
also immersed in different solvents, and different luminescent 
properties were observed. Desolvated sample and 3@CH3OH 
exhibits similar luminescent properties with fresh sample. 
However, one additional peak at 350 nm was observed for 
3@CH3CN and 3@CH2Cl2. XRD analysis reveals that the 
whole framework of desolvated sample and ones with different 
solvents are still stable ( Figure S3 ). Therefore, the different 
interactions between the framework and guest molecules must 
be responsible for the variable luminescent properties. 

Dyes and Iodine Uptake of 2 

Usually, highly porous structure would be collapsed due to the 
internal stress originated from the process of drying porous 
productions. Therefore, nitrogen or argon physisorption that 
requires activation in vacuum could not be of the essential 

choice for determining the porosity of the materials used for 
catalytic or absorption applications in solution. Thus, to prove 
the permanent porosity and accessibility for larger molecules of 
2, three different dye molecules were adsorbed in solution. 
When refreshed 2 were soaked in CH2Cl2 solutions of different 
kinds of dyes, dye molecules could be efficiently adsorbed over 
a period of time and the colorless crystals rapidly became 
colored. The adsorptivity of compounds 2 is 0.35 mg/g for 
Basic Red 2, 0.5 mg/g for Crystal Violet, and 0.56 mg/g for 
Methylene Blue 9.The possibilities of absorbing dye molecules 
were further evaluated by solid Uv-Vis spectroscopy (Figure 
11), which confirms the incorporation of dye molecules into the 
parent structure of 2. In this way, the porous structure of 2 in 
solution could be validated. 

 
 
Figure 11. Uv-Vis spectra of adsorption of different dyes and I2 within the pores 

of 2. 

 
Figure 12. The photo of I2 ( 5 mmol/L ) uptake of 2 in cyclohexane solution with 

different time.   
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Figure 13. the luminescent properties of 2@I2. 

In addition, the capabilities of iodine adsorption were then 
tested samples of activated 2 after soaked in methanol. After 
immersion in cyclohexane solution of I2 for 5h, the products 
became brown (Figure 12), which could not return to the 
original color when washed with cyclohexane. 
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The iodine uptake of 2 was examined by the gravimetric 
measurements taken after 48h revealed that the mass of 2 
increased by 15wt % . Uv-Vis spectra in the solid states of 2@I2 
showed corresponding peaks compared to the fresh sample. 
Meanwhile, the luminescent properties of 2@I2 became 
different compared to the fresh sample. The peaks around 
375nm were quenched by including iodine into the framework 
(Figure 13). When the crystalline solids of 2@I2 were soaked in 
methanol for 5h, the color of the solids changed from brown to 
yellow, and the color of the methanol solution deepened 
gradually from colorless to yellow, which explained that the 
sorption and desorption of I2 are not completely reversible. 

Conclusion 

In conclusion, by proper selection of metal ions and auxiliary 
V-shaped carboxyl ligands, three CPs have been synthesized 
and characterized structurally. Both 1 and 3 show tetra-nuclear 
circle connected by oxa ligands, and 3D novel topological net 
constructed by the joint of TPOM and tetra-nuclear circle. In 
contrast, 2 exhibits 1D chains connected by oxa ligands, and 2D 
framework with 1D channels in lattice by the connection of 
TPOM. In addition, 2 presents the corresponding dyes and 
iodine adsorption properties, which validate the porosity of 2. 
Therefore, the coordination environment of metal ion and 
connection mode of auxiliary carboxyl ligands play the 
important roles in constructing PCPs with TPOM ligands. The 
continuous work is still focusing on pursuing PCPs by utilizing 
the different auxiliary ligands and metal ions with multi-N 
ligands and investigating their corresponding adsorption 
properties. 
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polymers. All of the results indicate that the proper selection of metal ions and auxiliary ligands plays 

the important roles in constructing porous coordination polymers. 
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