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Abstract

The coordination polymers [Zn(4,4’-BDA)(bpy)]. (1) and [Cd(4,4°-BDA)(bpy)(H>0),], (2) have been
synthesized from biphenyl-4,4 -dicarboxylic acid (H-BDA) with the help of [Zn", Cd"]-2, 2 -bipyridine.
The complexes 1 and 2 formed from the same ligand (H,BDA) have different molecular structures. It
reveals the fact that organic linkers display different coordination preferences at different metal ions.
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Introduction

Metal-organic frameworks (MOFs) or coordination polymers form a new class of porous materials
consisting of inorganic building units joined by organic links'. MOFs are receiving growing attention
because of their intriguing topologies and diverse functionality”. In the construction of many interesting
systems, polycarboxylate aromatic ligands have been successfully employed as carboxylic groups can be
partially or completely deprotonated and can coordinate with metal ions in multicoordinated ways’.
Carboxylates are attractive metal binding units in coordination networks due to the negative charge that
significantly enhances their ability to bind strongly to metal centers. The ligands containing multiple
carboxylic acid units have been found to be good candidates because they act not only as hydrogen
acceptors but also as hydrogen donors, depending on the number of deprotonated carboxylic groups®.

The auxiliary ligands like 2, 2’-bipyridine play an important role in the formation of the final structure
of the complex as it impact on the conformations of the flexible carboxylic ligand (trans- or cis-). Low-
dimension structures can be extended into high-dimensional supramolecular networks by terminal ligand
like 2, 2’-bpy through weak interactions’.

Due to wider range of coordination numbers together with their applications in luminescence and
biological activities® ’, the metal (Zn, Cd) ions with d'° configuration are highly promising. Thus, the
present article is important as it deals with the synthesis and characterization of the structures obtained on
the skeleton of d'® divalent metal (Zn", Cd") 2,2’-bipyridines together with biphenyl -4, 4’-dicarboxylic
acid.
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Experimental Methods

All reagents and solvents were commercially available and used as received. The carbon, nitrogen,
and hydrogen contents of the solid complexes were determined by Carbo-Erba elemental analyzer 1108.
The infrared spectra of the complexes were recorded on a Varian 3100 FT-IR spectrometer
(4000—400cm—1) using KBr disks. M(bpy)(NO;),"H,O [M =Zn(II)/Cd(II)] were prepared using the
procedure as reported by Sen et al.* for analogous complexes.

The complexes were synthesized by solvothermal reaction’. In a typical synthetic procedure,
Zn(bpy)(NO3),'H,0 (0.381 g, 1.0 mmol) and Cd(bpy)(NOs),-H,O (0.428 g, 1.0 mmol) were added to the
solution of biphenyl-4,4’-dicarboxylic acid (0.121 g, 0.5 mmol) in N,N’-dimethylformamide (5.0 mL).
When the corresponding mixtures were heated at 135—145°C for 3—5 h, the complexes were isolated in
65—75% yield. They were found insoluble in common organic solvents and were melting above 200 °C.

Scheme 1. Synthetic strategy for complexes.
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Results and Discussion

Table 1. Mol. formula, M.P., %yield, elemental analyses and IR data of 1 & 2

Elemental analyses

Molecular formula | M.P.(°C) | % Yield (%) Major IR peaks
of complexes Calculated v em™)
(Found)
C H N
Cp4H6N,04Zn (1) >200 60 62.47 3.47 6.07 3059(m), 1679(s),

(60.45)(3.30) (5.95) | 1604(s), 1545(s), 1420(s),

1385(vs),1220(m),
1100(m),

1005(m),855(s),790(s),
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725(s), 640(m), 420(m)

Cr4H,0N,04Cd (2) >200 70 52.92 3.67 5.14 3068(m), 1599(s),
(51.28) (3.15) (5.11) | 1550(s), 1425(s), 1388(vs),
1230(m), 1090(m), 870(s),
790(s), 720(s), 645(m),
475(m)

In infrared spectra of the complexes, the characteristic band of carboxylic acid group observed at
1681 cm™' in the spectrum of free ligand 4,4'-H,BDA, was absent in the spectra of its complexes. It
supported that deprotonated ligands had coordinated with metal ions in the complexes land 2'°. The
peaks observed at 1679 and 1599 cm ' in the spectra of complexes 1 and 2 were assigned to Vasym
(—COO") vibration, whereas vg,m(—COO") vibration was observed at 1604 and 1388 cm ', respectively.
Thus, peak separations between V,uym(—COO") and vy, (~COO™) were found as 75 and 211 cm”', which
supported bis-bidentate and monodentate coordination modes of carboxylate groups, respectively. The
spectra of the same complexes showed a peak at 1420 cm ™' assigned to the v(N=N) vibration''. The bands
observed at 500-480 and 420-380 cm ' were assigned to v(M—N) and v(M—O) vibrations,
respectively'2. The above experimental results suggest the following structures for the two complexes:

/ |
Y Y s
/0 {0}
/:2—0 /Cdik

o, o

Figure 1: Possible structures for complexes 1& 2

Conclusions

Two new coordination polymers were obtained by reaction of metal nitrate containing 2, 2’-bipyridine
[metal = Zn", Cd"] separately with biphenyl-4, 4'-dicarboxylic acid. Elemental analyses and IR
spectroscopy techniques have been used for characterization of the complexes. They could be promising
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candidates as adsorbents for gas separation since such types of metal-organic frameworks show the
formation of porous structures'>.
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