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Abstract. The solvothermal reaction of zinc(II) nitrate with 1,2,3-benzenetricarboxylic acid  

(1,2,3-H3BTC) and 4,4ʹ-bis(imidazol-1-ylmethyl)biphenyl (BIBPh) produced a crystalline solid 

{[Zn3(BIBPh)3(BTC)2]∙H2O}n. The product has been structurally characterised and investigated  

by X-ray diffraction, IR and thermogravimetric methods. The polymer has a bidimentional structure and 

crystallizes in the P21/c space group of the monoclinic system with the following unit cell parameters: 

a= 14.8687(16), b= 36.915(4), c= 13.8378(16) (Å), β= 105.584(6)°. The asymmetric unit of the crystal 

structure contains three zinc(II) ions, three BIBPh ligands and two BTC
3−

 monodentate ligands with all 

three deprotonated carboxylate groups that balance the overall charge. All zinc centers have similar 

coordination environment: each metal ion is four coordinated exhibiting a slightly distorted tetrahedral 

coordination, where two positions are occupied by oxygen atoms of the carboxylic acid and the other 

two by nitrogen atoms of imidazole subunits. 

 

Keywords: coordination polymer, X-ray diffraction, zinc, 1,2,3-benzenetricarboxylic acid, 4,4ʹ-bis(imidazol-1-

ylmethyl)biphenyl. 
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Introduction 

Coordination polymers are comprised of 

metal ions interconnected via multitopic ligands 

to create one-, two- or three-dimensional 

structures [1,2].
 

Controlled engineering of 

crystalline materials is still very much at the 

incipient stage, but certain protocols are 

recognised for the creation of well-defined 

coordination polymer structures [3-6]. A 1D 

network can be viewed as a chain-line structure 

where ditopic ligands link together metal ions that 

prefer, for example, a two coordinate geometry 

(e.g., Ag(I)) [7].
 
A trigonal planar or square planar 

metal ion arrangement can facilitate the formation 

of a 2D network, whereas tetrahedral/octahedral 

metal ions are more inclined to propagate 3D 

networks [8-11]. Organic carboxylates, for 

instance, are extremely versatile building blocks 

which offer disparate binding modes just from the 

single subunit [12]. For example, there are 

numerous examples of metal ion-containing 

structures displaying μ2-bridging [13], μ3-bridging 

[14], monocationic [15] and dicationic binding 

modes [16]. There is also the added bonus that 

different di-, tri- or even tetra-carboxylic acids 

can be used as building blocks [17]. There is,  

therefore, reasonably reliable control for the 

formation of versatile di- and tri-dimensional 

networks using the carboxylate unit [18]. For the 

construction of metal organic frameworks 

(MOFs) the organic ligand that connects the metal 

ion coordination polyhedra is especially important 

since it governs the size of any generated  

pore [19,20]. Although 4,4'-bipyridyl was one of 

the most popular ligands used [21,22]  

other types of heterocyclic ligands have grown in 

popularity leading to utilisation of the  

4,4ʹ-bis(imidazol-1-ylmethyl)biphenyl (BIBPh) 

by various research groups in the design and 

synthesis of coordination polymers containing 

different transition metal ions [23,24].  
The metal-organic frameworks (MOFs) are 

the most highly studied coordination polymers for 

numerous applications such as gas storage, 

sieving, optics, catalysis, molecular adsorption, 

ion exchange, sensing, magnetism, electrical 

conductors, monolayer films [25-35]. Also these 

compounds offer a unique platform for the 

development of solid state luminescent materials 

as they have an increased degree of structural 

predictability, in addition to well-defined 

environments for lumophores in crystalline  

form [36]. Luminescence favours prominently in 

coordination polymers with transition-metal ions 
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without unpaired electrons, especially those 

having d
10

 configurations and conjugated linkers 

with π–π stacking between adjacent rings or 

between the MOF and guest molecules, mostly 

nitrogen or oxygen-containing bridging ligands. 

Recently it has been reported that benzenedi- or  

-tricarboxylates can exhibit luminescence 

properties in coordination polymers with zinc or 

cadmium metal nodes [37,38].  
Lately, the research effort was focused on 

the use of some 3d metals and polycarboxylate 

acids together with different (bis)imidazole 

bridging ligands in order to produce pore-like 

structures [39-41]. As an extension to this 

research topic, the aim of the present study was to 

obtain the coordination polymer using  

zinc(II) ions, BIBPh ligand and tridentate  

1,2,3-benzenetricarboxylic acid (1,2,3-H3BTC) 

and its structural characterisation by means of IR 

and thermogravimetric methods. 

 

Experimental 

Materials 

All used reagents were of analytical grade 

and were used as received without further 

purification. The ligand BIBPh was prepared as 

reported previously [42]. 

Synthesis of {[Zn3(BIBPh)3(BTC)2]∙H2O}n 

A solution of BIBPh (78.5 mg, 0.25 mmol) 

in ethanol (2 mL) was added to the mixture of 

Zn(NO3)2∙6H2O (0.74 mg, 0.25 mmol), 1,2,3-

benzenetricarboxylic acid (1,2,3-H3BTC∙2H2O) 

(61 mg, 0.25 mmol), NaOH (30 mg, 0.75 mmol), 

and distilled water (4 mL). The resulting mixture 

was sealed in a Teflon-lined stainless-steel vessel 

(10 mL) and heated at 160°C for 3 days and then 

cooled slowly to room temperature. Colourless 

crystals were filtered off and washed with water 

and ethanol, then dried in air. Yield: 117 mg, 

89.34% (based on Zn salt). Anal. calc. for 

C78H62N12O13Zn3 (%): C, 59.61; H, 3.98; N, 

10.70. Found: C, 59.39; H, 4.13; N, 10.74.  

IR (ν, cm
-1

): 3483 br, 3119 m, 2989 w, 1620 s, 

1591 s, 1565 vs, 1530 s, 1502 s, 1453 s, 1443 s, 

1388 vs, 1351 vs, 1285 m, 1234 m, 1188 w,  

1156 w, 11022 s, 1093 s, 1071 m, 1031 m,  

1005 w, 951 m, 930 w, 888 m, 843 m, 819 m, 797 

s, 768 s, 747 vs, 707 s, 657 m. 

Physical measurements 

Elemental analysis was performed on a 

Vario-EL-III elemental analyzer.  

IR spectrum was recorded on a Perkin 

Elmer Spectrum 100 spectrophotometer in the 

range 4000–650 cm
-1 

at room temperature. 

Intensities are presented as: br= broad, vs= very 

strong, s= strong, m= medium, w= weak. 

Thermogravimetric analysis was carried 

out on Derivatograph Q-1500 D thermal analyzer 

in the range of 20–1000°C under atmospheric 

conditions, at a heating rate of 5°C min
-1

. 

X-ray crystallography measurements for 

the compound {[Zn3(BIBPh)3(BTC)2]∙H2O}n were 

carried out on a APEX-II CCD diffractometer,  
at 150 K, using graphite monochromated  

MoKα radiation (λ= 0.71073 Å). The data were 

processed using SAINT software [43].  

The structure was solved with the ShelXT 

program using intrinsic phasing method and 

refined by the full-matrix least-squares method on 

F2 with ShelXL [44,45]. Olex2 was used as an 

interface to the ShelX programs [46].  

Non-hydrogen atoms were refined anisotropically. 

Aromatic hydrogen atoms were positioned 

geometrically and refined using a riding model. 

Specific details of each refinement are  

given in the crystallographic information files  

(CCDC No. 2178548). 

 

Results and discussion 

While many bridging ligands serving as 

pillar units connecting metal centers in polymeric 

networks are derived from 4,4′-bipyridyl, greater 

geometrical flexibility is achieved by inserting 

other organic groups between the two pyridyl 

rings and these two rings themselves may be 

replaced by other coordinating aromatic or 

aliphatic amine functions to give greater variety 

of chemical behaviour. The BIBPh ligand in 

which two imidazole rings are connected through 

methylene linkages to a central biphenyl ring in 

4,4'-substitution provides a considerable degree of 

geometrical flexibility by rotation about four C–C 

single bonds. BIBPh has been widely used as a 

bridging ligand as mentioned before. Despite the 

flexibility of the ligand, there is a marked 

tendency for an anti-conformation, which is 

defined in terms of the pseudo-torsion angle  

N–C…C–N formed by the two (imidazole)N–

C(methylene) bonds when viewed along the C…C 

vector, the others have a pseudo-torsion angle 

within ±18° of 180° and others being rather 

evenly spread over other values. An anti-

conformation extends BIBPh to its maximum 

effective length as a pillar, thus providing an 

opportunity for the generation of significant 

cavities within MOFs and other coordination 

polymer structures. 

Crystal structure  

Detailed crystallographic data for 

{[Zn3(BIBPh)3(BTC)2]∙H2O}n  are provided in 

Table 1, while the values of bond distances and 

angles are summarized in Table 2.  
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The obtained crystallographic structure is 

presented in Figure 1. The asymmetric unit 

comprises three Zn(II) metal cations, three  

neutral bidentate-bridging BIBPh units, two 

BTC
3−

 deprotonated ligands and one interstitial 

water molecule. The charge balance is in 

agreement with the formation of 

{[Zn3(BIBPh)3(BTC)2]∙H2O}n species, the 

structure of which is characterized as a  

two-dimensional coordination polymer (Figure 2). 

Two crystallographic independent BTC
3− 

ligands 

fulfil a tridentate-bridging function, wherein each 

carboxylate group behaves as a monodentate 

group. The interatomic separation between  

the Zn(II) atoms bridged by BTC
3−   

ligand: 

Zn1···Zn2, Zn2···Zn3, and Zn1···Zn3 are of 

6.916(6) Å, 4.311(1) Å, and 9.474(1) Å, 

respectively. All the Zn ions exhibit a slightly 

distorted tetrahedral coordination provided by two 

carboxylate oxygen and two imidazole nitrogen 

atoms. 

The crystal structure is built up from the 

packing of 2D coordination networks oriented 

parallel to the ac plane (Figure 3). Such a dense 

packing within the coordination networks is 

responsible for the lack of free space which could 

be filled by solvent molecules. As estimated by 

the Olex2 routine (for probe radius of 1.2 Å and 

resolution of 0.2 Å) the solvent accessible voids 

are of 632 Å
3
, which constitutes 8.7% from the 

unit cell volume. 
 

 

Table 1 

Crystallographic parameters and the data collection 

statistics for the {[Zn3(BIBPh)3(BTC)2]∙H2O}n. 

Parameters Value 

Empirical formula C78H62N12O13Zn3 

Formula weight, M 1571.50 

Temperature (K) 150  

Crystal system monoclinic 

Space group P21/c 

Z 4 

a (Å) 14.8687(16) 

b (Å) 36.915(4) 

c (Å) 13.8378(16) 

β (°) 105.584(6) 

V (Å
3
) 7316.0(14) 

ρcalc (g cm
-3

) 1.427 

μ (mm
-1

) 1.048 

F(000) 3232.0 

Cristal size (mm
3
) 0.05×0.04×0.03 

2Θ range (°) 3.248-45.958 

Limiting indices -16≤h≤16 

-40≤k≤40 

-15≤l≤15 

Reflections collected 80455 

Reflections with 

[I>2σ(I)] 

10093 

Data/restraints/ 

parameters 

10093/6/934 

Goodness-of-fit on F
2
 1.056 

R1, wR2[I>2σ(I)] R1= 0.0604, wR2=0.1247 

R1, wR2(all data) R1= 0.0925,  

wR2= 0.1381 

Largest difference in 

peak and hole (e Å
-3

) 

1.05/-0.46 

 

 

 

 

Table 2 

Selected bond lengths (Å) and angles () for {[Zn3(BIBPh)3(BTC)2]∙H2O}n. 

Bond d (Å) Bond d (Å) Bond d (Å) 

Zn1-N1 2.022(5) Zn2-N8
ii
 2.028(5) Zn3-N5 2.002(5) 

Zn1-N4
iii

 2.039(5) Zn2-N12
i
 2.028(5) Zn3-N9 1.992(5) 

Zn1-O1 1.971(4) Zn2-O4 1.977(4) Zn3-O5 1.969(4) 

Zn1-O12
iv

 1.984(4) Zn2-O8 1.954(4) Zn3-O9 2.031(4) 

Angle ω (º) Angle ω (º) Angle ω (º) 

N1-Zn1-N4
iii

 116.69(18) N5-Zn3-O9 98.67(18) C38-N8-Zn2
vi

 128.3(4) 

O1-Zn1-N1 101.17(17) N9-Zn3-N5 117.0(2)  C39-N8-Zn2
vi

 126.3(4) 

O1-Zn1-N4
iii

 98.78(18) N9-Zn3-O9 127.05(18) C41-N9-Zn3 125.1(4) 

O1-Zn1-O12
iv

 140.25(17) O5-Zn3-N5 110.13(19) C43-N9-Zn3 130.0(4) 

O12
iv
-Zn1-N1 102.69(18) O5-Zn3-N9 104.43(19) C58-N12-Zn2

vii
 126.9(4) 

O12
iv
-Zn1-N41 98.28(17) O5-Zn3-O9 97.48(17) C60-N12-Zn2

vii
 127.0(4) 

N8
ii
-Zn2-N12

i
 104.90(19) C1-N1-Zn1 124.5(4) C61-O1-Zn1 113.0(4) 

O4-Zn2-N8
ii
 110.55(18) C2-N1-Zn1 130.0(4)  C68-O4-Zn2 108.1(3) 

O4-Zn2-N12
i
 96.46(17) C18-N4-Zn1

v
 122.3(4) C69-O5-Zn3 116.5(4) 

O8-Zn2-N8
ii
 114.55(18) C20-N4-Zn1

v
 131.9(4) C70-O8-Zn2 116.7(4) 

O8-Zn2-N12
i
 109.52(18) C22-N5-Zn3 129.1(4) C77-O9-Zn3 103.6(4) 

O8-Zn2-O4 118.45(17) C21-N5-Zn3 124.5(4) C78-O12-Zn1
viii

 104.9(4) 

Symmetry transformations used to generate equivalent atoms: 
i
x-1,y,z;

 ii
x-1,0.5-y,0.5+z; 

iii
x-1,y,z-1; 

iv
x,y,z+1; 

v
x+1,y,z+1; 

vi
x+1,0.5-y, z-0.5; 

vii
x+1,y,z; 

viii
x,y,z-1. 
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Figure 1. Extended view of the asymmetric part in the crystal structure of {[Zn3(BIBPh)3(BTC)2]∙H2O}n 

along with atom labelling and thermal ellipsoids at the 50% level. Hydrogen atoms were omitted for clarity. 

Symmetry generated fragments are shown with faded colours.  

Symmetry codes: 
i)
x – 1, y, z; 

ii)
x -1, 0.5 – y, 0.5 + z; 

iii)
x - 1, y, z – 1.  

(For interpretation of the references to color in this figure legend,  

the reader is referred to the Web version of this article.) 

 
 

 

 

 

 

 

Figure 2. The 2D coordination polymer 

{[Zn3(BIBPh)3(BTC)2]∙H2O}n viewed along c 

axis. H-atoms are not shown. 

Figure 3. Partial view of the crystal structure along a axis, 

showing the parallel packing of 2D networks. 
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IR spectroscopic characterization 

The presence of co-crystallized water 

molecules in the obtained compound structure is 

shown by broad IR band in the 3700–3200 cm
-1

 

range. IR spectroscopy for this compound also 

clearly indicates the presence of monodentate 

carboxylate groups with both asymmetric and 

symmetric stretching modes: bands at 1620 and 

1388 cm
-1

 correspond to stretching vibrations  

νas(COO
-
) and νs(COO

-
) respectively for a 

carboxylate group. The difference between 

asymmetric and symmetric carboxylate  

stretching frequencies (Δ= [νas(COO
-
)–νs(COO

-
)]= 

1620–1388= 232 cm
-1

) is consistent with 

carboxylate groups coordinating through only one 

O atom [47]. The C–H stretches give rise to the 

bands in the 3119–2989 cm
-1

 region, and the 

features of the 1285–657 cm
-1

 range represent the 

fingerprint region of the substituted ligand rings.  

Thermogravimetric analysis 

The coordination polymer network 

robustness and the removal of water molecules 

are shown by the TGA trace, Figure 4. According 

to the TGA plot, an initial small mass loss of 1% 

until 130°C corresponds to the facile removal of 

uncoordinated water molecules (calculated: 

1.5%). The plateau thereafter demonstrates that 

the dehydrated coordination network is stable up 

to 280°C, above which extensive decomposition 

occurs in 4 stages; the final residue is ZnO 

(calculated: 15.45%). 
 

 
Figure 4. The TG/DTG/DTA curves of the 

compound recorded in the range of 20–1000°C 

under atmospheric conditions. 
 

Conclusions  

The ligand BIBPh offers the ability to 

bridge metal ion centers in a pillar-like way, 

facilitating the formation of coordination 

polymers and metal-organic frameworks of 

various dimensionalities depending on 

coordination geometry and the presence of other 

ligands. Although it is found most often in crystal 

structures in anti-conformation, it has sufficient 

flexibility to adapt to preferences and restrictions 

imposed by the other structural components and 

thus to adopt other conformations. 

The three carboxylate groups of BTC
3-

 

providing structural flexibility and different 

conformations of the BIBPh ligand joining zinc 

ions gives rise to a new 2D coordination polymer 

with cavities generated in the structure occupied 

by water molecules. These structural features, 

revealed by X-ray crystallography, are confirmed 

by IR spectroscopy and thermogravimetric 

analysis. 
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