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Abstract : Sodium nickelate (II) bis(pyridine-2, 6- iary ligand. The complexes 1 and 2 have been chardicarboxylic acid) was synthesized by the reaction of
NiCl2·6H2O, pyridine-2, 6-dicarboxylic acid (H2dipic)
and Na2CO3 in equimolar ratio. The molecule packs
in a non-centrosymmetric manner in a head-to-tail
motif with sodium ions in bridging positions, thereby,
extending the structure in the form of a 1D polymeric
helical chain. The decomposition of which in refluxing
4-methyl pyridine leads to a Ni(II) complex of 2,6dipicolinic acid containing 4-methyl pyridine as auxil-

acterized by FTIR, UV-Vis spectral, TGA and single
crystal X-ray diffraction analyses. The molar conductance of 1 in aqueous solution indicates that the complexes behave as (1:1) weak-electrolyte. Both the
molecules crystallize in the monoclinic system (space
group P21/c).

INTRODUCTION

to their potential applications in the development of
microporous and/or magnetic materials[4]. Pyridine-2,
6-dicarboxylic acid (H2dipic) is one of the most appropriate ligand systems for synthesizing potential pharmacologically active compounds because of the low toxicity, amphocyte nature and varied biological activities[5].
It is a N, O-chelator and due to its versatile ligational
ability[6] with various metal ions. It can act as a tridentate chelating agent in the form of neutral[7] (H2dipic),
monoanionic (Hdipic–) and dianionic[8] (dipic2–) or can
bind in a bridging mode[9].
An octahedral geometry[10] is offered by the metal
complexes coordinated to two planar dipic2– moieties

Multidimensional metal–organic compounds
(MOCs) offer great potential in the context of extensive applications in wide ranging areas like supramolecular chemistry, catalysis, material science, biological
science, crystal engineering[1], etc. A substantial part of
such MOCs might be constructed from different aromatic mono and poly-carboxylic acids, which are promising candidates[2] for the generation of flexible and
multidimensional H-bonded networks[3] via extensive
O–H—O interactions. Paramagnetic metal complexes
with extended framework structures are important due
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in two independent perpendicular planes where as the
metal complexes containing one dipic2– and an auxiliary
ligand like a H2O or N-based heterocyclic species,
generates four or five coordination geometry[11]. Recently a mononuclear neutral nickel (II) complex of
pyridine-2, 6-dicarboxylate was isolated and its DNA
binding studies have been investigated[12]. In another
report, a ternary complex of Ni(II) containing 4methylpyridine and pyridine-2, 6-dicarboxylate ligands
was isolated and its antimicrobial properties have been
studied[13].
We herein report on the synthesis and structural
characterization of the Ni (II) pyridine dicarboxylate
coordination polymer containing bridging Na+ ions and
its decomposition in refluxing 4-methyl pyridine resulting in a neutral Ni(II) ternary complex.
EXPERIMENTAL
Materials and methods
Solvents used were purified using standard methods[14]. IR spectra were recorded using a Varian-3100
FTIR instrument. Elemental analyses were performed
using an Exeter model E-440 CHN analyzer, and electronic absorption spectra were recorded using a
Shimazdu UV-1700 PhermaSpec Spectrophotometer.

The molar conductance of freshly prepared 1×10-3 mol
dm-3 aqueous solution of 1 was measured using ELICO
CM 180 conductivity meter. Thermal analyses (TGA)
were performed on a Perkin-Elmer – STA 1000 instrument in flowing N2 with a heating rate of 10°C min-1.
(a) Synthesis of 1
To a solution of pyridine-2, 6-dicarboxylic acid
(0.167 g, 1 mmol) in water (20 ml) was added Na2CO3
(0.106 g, 1 mmol). The mixture was stirred until the
CO2 evolution ceased and then added a methanolic
solution of NiCl2.6H2O (0.119 g, 0.5 mmol). The resulting solution was stirred for 30 minutes and then dried
in rotary evaporator. The residue was extracted with
hot water and kept for crystallization. After 14 hours
bright green single crystals suitable for X-ray data collection were obtained in 90% yield. Molar conductance:
69.0 S cm 2 mol -1 in water. Anal. Calcd. for
C14H9N2Na1Ni1O10 (1): C, 37.62; H, 2.03; N, 6.27;
Na, 5.14; Ni, 13.13; O, 35.80,. Found: C, 37.60; H,
2.02; N, 6.28; Na, 5.14; Ni, 13.12; O, 36.23.
(b) Synthesis of 2
1 (0.089 g, 2 mmol) was refluxed in 4-methyl pyridine for 18 hrs and then kept the clear solution overnight for crystallization. After a day it afforded light blue
crystals of 2 with 68% yield.

Scheme 1 : Synthetic route of the complexes

X-ray crystallography
Single crystal X-ray data of the complex was collected on a Xcalibur Oxford CCD Diffractometer using graphite monochromated MoK radiation at room
temperature (20o C). Data integration was carried out
using CrysAlis Pro software[15]. The structures were
solved by direct method (SHELXS-97)[16] and refined
by full-matrix least-squares method against F2
(SHELXL-97) using a WinGX platform[17] All non-

hydrogen-atoms were refined anisotropically while the
hydrogen atoms of the pyridine were placed at calculated positions using SHELX default parameters. However, the hydrogen atoms of water molecules and the
one of the carboxylic acid group were detected from
the low intensity diffraction peaks. Crystallographic data,
details of structure solution and refinement have been
summarized in TABLE 1. Crystallographic data in CIF
format (CCDC No. 909017 and 938646 for 1 and 2
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respectively) can be obtained free of charge via http://
www.ccdc.cam.ac.uk/conts/retrieving.html or from the
Cambridge Crystallographic Data Centre, 12 Union
Road, Cambridge CB2 1EZ, UK or by e-mail:
deposit@ccdc.cam.ac.uk
TABLE 1 : Crystallographic and structure refinement data

Empirical formula
Formula weight
Temperature (K)
Crystal system
Space group
a/Å
b/Å
c/Å
â/deg
V/Å3
Z
ì (mm-1)
F (000)
GOF on F2
Final R indices
[I>2óI]

C14H9N2Na1Ni1O10
446.9
293K
Monoclinic
P121/c1
13.6707 (5)
10.0418 (3)
13.7652(6)
115.133(5)
1710.76(13)
4
1.22
900
1.035

C25H24N4Ni1O6
535.17
293K
Monoclinic
P121/c1
16.1521(7)
23.6660(8)
14.5247(7)
112.083(5)
5144.8(4)
8
0.800
2224.0
0.896

in the present case.
The molar conductance (69.0 S cm2 mol-1) offered
by aqueous solution of 1 indicates that the complex behaves as a 1:1 weak electrolyte. The low conductivity
is due to the polymeric nature of the complex 1 which is
possibly maintained in the solution state to a large extent that reduces the ionic mobility of the charged species. Complex 1 do not exchange with other cations
easily as our attempts to do so using Ag+,Cu+,Sn2+ and
Al3+ failed under normal conditions.
Spectral studies

The infrared spectrum of the complex 1 was consistent with its formulation. Broad bands in the region
of 3500 cm-1 to 3100 cm-1 correspond to O–H stretching vibrations associated with both coordinated and free
water molecules. The broadness of peaks can be attributed to the significant hydrogen bonding. The O-H
bending vibration at 1394 cm-1 can be attributed to the
protonated carboxylate group. The sharp, medium intensity bands at 1285 cm-1 and 1431 cm-1 are due to
the, (C-O), s(C=O) vibrations respectively. A very
R1=0.0429
R1=0.065
strong band centred at 1611 cm-1 corresponds to
wR2=0.107
wR2=0.131
as(C=O) vibration of the carboxylate groups. The magR indices (all data) R1=0.063
R1=0.161
nitude of the separation [ (asym - sym) = 180 cm-1]
wR2=0.1213
wR2=0.153
is considerably large suggesting a unidentate binding
Largest diff.peak
mode of the carboxylate group to the Ni(II) ion[19], as
and hole (eÅ-3)
0.621 and -0.746
1.535 and -0.424 disclosed by the X-ray structure.
Similar bands are also observed in the IR spectrum
of 2. Important bands involving O–H vibrations of carRESULTS AND DISCUSSION
boxylate group; namely, the C–OH in-plane bending
and out-of-plane O–H deformation modes are absent,
Synthesis
hence showing complete deprotonation of the –COOH
The reaction of disodium salt of dipicolinic acid
(H2dipic) with methanolic solution of nickel chloride group. The -1CH aromatic ring stretching band appears
hexahydrate at room temperature, afforded 1 in very at 3067 cm , whilst the CH stretching of the methyl
appears at a lower frequency
good yield. The same product was also obtained when group of 4-methylpyridine
-1
of
2925cm
.
Four
strong
bands between 1620 and
an equimolar ratio of H2dipic and nickel chloride
-1
hexahydrate (in presence of a base like Na2CO3) were 1420 cm may be assigned to the ring stretching vibradeformation apused for the reaction. 1 on refluxing in 4- tions of pyridine. The O–C–O in-plane
-1
-1
methylpyridine afforded 2 in high yields. The latter being pears as a sharp band at 691 cm and at 695 cm in 1
a stronger ligand easily replaces dipic ligands from the and 2 respectively.
The UV/visible spectra of 1 and 2 were recorded
coordination sites of Ni(II) (Scheme 1). Though ther–2
molysis of Ga(PtBu2)3 and In(PtBu2)3 in hot 4- using 10 M solutions in water and DMSO respecethylpyridine is known to decompose the compounds tively. In octahedral environment Ni(II) hexaaqua comcompletely into quantum dots of InP and GaP[18], no plex exhibits three spin allowed d–d transition to the
3
3
3
such decomposition (giving nickel oxide) was observed T2g, T1g (F) and T1g (P) levels with maxima at 8500,
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13800 and 25300 cm-1 respectively with comparatively
low intensities, where shifting occur to higher wave numbers depending on the nature of the coordinating
ligand[20]. The electronic spectra of 1 in aqueous medium and that of 2 in DMSO (Figure 1) exhibit three
absorption bands (TABLE 2) consistent with an octahedral Ni(II) ion.

Figure 2 : TGA plot of 1 and 2

Figure 1 : Electronic absorption spectra of 1 and 2
TABLE 2 : Electronic spectral data for 1 and 2
1
Transitions

A2g  3T2g
1
3
A2g  3T1g
(F)
2
3
A2g  3T1g
(P)
3

2

Band
positions
(nm)

Molar
absorptivity
(å)
(M-1cm-1)

Band
positions
(nm)

Molar
absorptivity
(å)
(M-1cm-1)

1058-1082

25

1007-1032

21.6

636-657

6.1

615-638

8.3

387

34.5

362

74

3

Thermal analysis
Compounds 1 and 2 were subjected to thermo
gravimetric analysis under flowing N2 to probe their
dehydration and decomposition behaviour. Both the
compounds exhibit multi-step thermolytic patterns
(Figure 2).
The Ni coordination polymer 1 underwent dehydration with elimination of uncoordinated and coordinated water molecules in the initial steps of decomposition. Though it is not possible to predict the step wise
decomposition of the compound from the thermal data,
yet the end product (26.29%) is seemingly NaNiO2
(Calcd 25.43%).

The complex 2 began to dehydrate immediately
upon heating, with loss of all uncoordinated water molecules, so the first and second stages of decomposition
witness the liberation of water molecules along with 4methyl pyridine moiety with 55.49% weight loss (Calcd
55.53%). The third decomposition spans from 278°C
to 482°C corresponding to 31% weight loss consistent
with the expulsion of dipicolinate moiety (Calcd 30.4%);
leaving behind mass remnant of 13.5% indicative of
deposition of NiO as the end product (Calcd 13.9%).
Molecular structure
The complex 1 was crystallised in monoclinic system with space group P21/c. There is a water molecule
crystallised in the lattice. A perspective view of the complex has been depicted (Figure 3). The central nickel(II)
ion is coordinated by two dipicolinate moieties each
acting as tridentate O, N, O- chelating ligands. The O–
Ni–N bite angles in the complex are in the range of
76.64°-78.71°, which are significantly shorter from the
expected octahedral 90° value thereby making the coordination environment around the central nickel (II) as
a distorted octahedron. The four Ni–O and two Ni–N
bond distances (TABLE 3) lie in the ranges which are
typical for a six-coordinated nickel (II) d8 system[21].
The C-O bond lengths of carboxylate groups are
significant to understand the nature of bonding. C1O7 and C14-O6 bond lengths are 1.24 and 1.22Å
respectively that are typical of a CO double bond,
whereas C7-O8 bond length[22] is 1.27Å which is indicative of partial double bond character due to the
coordination of O8 with the sodium ion. C8-O5 bond
length of 1.29 Å is consistent with the protonated na-
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ture of O5. A hydrogen bond with the uncoordinated
water molecule Ow2 holds the latter in close proximity of the coordination polymer backbone which provides a 3-D ancillary interwoven pathway (Figure 4),
which is quite different from the earlier reported the
structural findings on Co(II) and Ni(II) complexes
forming water channels[23].
TABLE 3 : Selected bond distances (Å), bond angles (°) for 1

Ni N1
Ni N2
Ni O1
Ni O2
Ni O3
N1 Ni N2
N2 Ni O2
N1 Ni O4
N2 Ni O4
N1 Ni O1
N2 Ni O1
N1 Ni O2
O4 Ni O1
N1 Ni O3

1.960(2)
1.970(2)
2.168(2)
2.096(2)
2.194(2)
176.39(10)
104.78(9)
100.50(9)
78.58(10)
77.20(9)
99.33(9)
78.72(9)
92.77(9)
104.25(9)

Ni O4
O4 Na
O8 Na
Na Ow
C8 O5
N2 Ni O3
O2 Ni O3
O4 Ni O3
O1 Ni O3
O2 Ni O4
O2 Ni O1
O8 Na O4
O8 Na Ow
Ow Na O4

2.100(2)
2.597(3)
2.459(4)
2.527(8)
1.285(4)
76.64(9)
93.24(8)
155.22(9)
91.45(8)
92.81(9)
155.88(9)
114.22(12)
92.32(18)
130.2(4)

Figure 4 : 3D interwoven pathway through extended H- bonds

Figure 5 : The helical chain architecture viewed parallel to
the crystallographic a axis

Figure 3 : Ortep view of asymmetric unit of the complex 1

The disordered water molecule Ow, in 1 attached
to sodium ion was modelled by splitting into two parts
and their s.o.f. were found to be almost equal [Ow(0.49)
/ Ow1(0.51)] on refinement. The structure is extended
by means of the sodium ions affording a 1-D helical
structure as seen in Figure 5.

It may be noted that two such helical chains run
anti-parallelly and both left and right handed helices are
present facing each other. Sodium ion functions as a
node to connect the two Ni(II) dipicolinate moieties to
form a polymeric structure which is different to the interactions of alkali metal cations with dipicolinate Ni(II)
compound where polymeric chain like structures are
formed by oxo and aqua bridges[24]. In an earlier study
of ionic dipicolinato complexes, [Co(dipic)(Py)3]+ cations were comparable in size with [Co(dipic)2]–– an-
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ions and were associated in a layer-like structure[25]
contrary to the present case where cation encapsulation takes place.
The complex 2 was crystallised in monoclinic system with space group P21/c. notably, there are large
number of uncoordinated water molecules in the lattice
(sixteen in each unit cell). A perspective view of the
complex has been depicted (Figure 6).

As mentioned already there are a number of water
molecules in the lattice. Four oxygen atoms of water
molecules, together with two carboxylate oxygens of
2; each from a different unit., furnish a six membered
planer ring thereby interlinking the monomeric units of
2 (Figure 7). These O-O distances vary from 2.76 Å
to 2.89 Å.

Figure 6 : Ortep view of asymmetric unit of the complex 2

Figure 7 : Interconnection of monomeric units of 2

In the complex, the Ni(II) ion is in a distorted octahedral environment, bonded to O1, O4 and N1 atoms
of divalent anionic dipic ligand and the nitrogen atoms
of the three 4-methylpyridine groups. The two planes
constituted by N2 N3 N4 and N1O1O4 are almost
perpendicular to each other with an interplaner angle of
89.48°. The higher basicity of the nitrogen atom of the
dipic is due to the presence of two carboxylate groups
in ortho positions; thereby making it to be the strongest
donor site[26]. As a consequence the Ni1-N1distance
(1.98 Å) is significantly shorter than Ni1- N2, Ni1- N3
and Ni1- N4 distances (TABLE 4). The dipic chelate
bite angles are 78.08° and 77.93°, comparable to those
found in other dipicolinate nickel complexes[12].
TABLE 4 : Selected bond distances (Å), bond angles (°) for 2

Ni N1
Ni N2
Ni1 N3
N1 Ni1 N3
N1 Ni1 O1
N3 Ni1 O1
N1 Ni1 O4
N3 Ni1 O4
N1 Ni1 N4
N3 Ni1 N4

1.987(3)
2.142(3)
2.062(4)
178.95(13)
77.96(13)
101.85(14)
78.07(12)
102.15(13)
91.82(13)
87.16(13)

Ni O4
Ni O1
Ni1 N4
O4 Ni1 N4
N1 Ni1 N2
N3 Ni1 N2
O1 Ni1 N2
O4 Ni1 N2
N4 Ni1 N2
O1 Ni1 N4

2.118(3)
2.118(3)
2.140(3)
91.42(12)
92.06(13)
88.96(13)
88.40(12)
90.91(11)
175.82(12)
90.87(12)

CONCLUSION
Mixed N-, O- donor ligands, offer a wide range of
possibilities for MOF construction and may lead to supramolecular interactions of hydrogen bonding and ðð stacking types. Combining the advantages of Heterocyclic N-donor ligands being good donor ligands
due to the presence of one nitrogen atom with rigid
backbones of aromatic rings and flexible binding
behaviour from monodentate and chelating to
multibridging mode of carboxylate groups, we have
constructed metal-organic frameworks of carboxylate
moiety mixed with pyridine-functionality linkers. We
may expect that with a rational design, more unusual
coordination architectures with new mixed-ligand systems will be feasible for far-flung applications. The outcome of such designed syntheses will be likely to have
great importance in crystal engineering and supramolecular chemistry.
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