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Abstract : Sodium nickelate (11) bis(pyridine-2, 6-
dicarboxylic acid) was synthesized by the reaction of
NiCl,-6H,0, pyridine-2, 6-dicarboxylicacid (H,dipic)
and Na,CO, in equimolar ratio. The molecule packs
in anon-centrosymmetric manner in a head-to-tail
motif with sodiumionsin bridging positions, thereby,
extending the structurein theform of a1D polymeric
hdlicd chan. Thedecompaosition of whichin refluxing
4-methyl pyridineleadsto aNi(ll) complex of 2,6-
dipicolinic acid containing 4-methyl pyridineasauxil-

INTRODUCTION

Multidimensional metal—organic compounds
(MOCs) offer great potentia in the context of exten-
sive gpplicationsin wideranging areaslike supramo-
lecular chemistry, catalysis, materia science, biologica
science, crystd engineering¥, etc. A substantia part of
such MOCs might be constructed from different aro-
matic mono and poly-carboxylicadids, whichareprom-
ising candidates? for the generation of flexibleand
multidimensional H-bonded networks? via extensive
O-H—O interactions. Paramagnetic metal complexes
with extended framework structuresareimportant due

iary ligand. The complexes 1 and 2 have been char-
acterized by FTIR, UV-Visspectral, TGA and single
crystal X-ray diffraction anayses. Themolar conduc-
tanceof 1inaqueous solution indicatesthat the com-
plexes behave as (1:1) weak-€electrolyte. Both the
molecules crystallizeinthe monodlinic system (space
group P2 /c).

Keywords : Helica chain; Nickel complex;
Dipicolinic acid; Polymeric structure; Methyl pyridine.

to their potential applicationsin the devel opment of
mi croporous and/or magnetic materia 94. Pyridine-2,
6-dicarboxylic acid (H_dipic) isoneof themost appro-
priateligand systemsfor synthesizing potential pharma:
cologicaly active compounds because of thelow tox-
icity, amphocytenatureand varied biologicd activities.
ItisaN, O-chdator and duetoitsversatileligationa
ability!® with variousmetd ions. It can act asatriden-
tate chelating agent intheform of neutral!” (H_dipic),
monoanionic (Hdipic)) and dianionicd® (dipic*) or can
bindinabridging mode?.

Anoctahedral geometry*¥ is offered by themetal
compl exes coordinated to two planar dipic> moieties
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intwoindependent perpendicular planeswhereasthe
meta complexescontainingonedipic® andanauxiliary
ligand like a H,O or N-based heterocyclic species,
generatesfour or five coordination geometry!. Re-
cently amononuclear neutral nickel (11) complex of
pyridine-2, 6-dicarboxylate wasisolated and itsDNA
binding studies have been investigated*?. In another
report, a ternary complex of Ni(ll) containing 4-
methylpyridineand pyridine-2, 6-dicarboxylateligands
wasisolated and itsantimicrobia propertieshave been
studied®.

We herein report on the synthesis and structural
characterization of theNi (I1) pyridinedicarboxylate
coordination polymer containing bridging Na* ionsand
itsdecompositioninrefluxing 4-methyl pyridineresult-
inginaneutra Ni(Il) ternary complex.

EXPERIMENTAL

Materialsand methods

Solvents used were purified using standard meth-
ods*. IR spectrawere recorded using aVarian-3100
FTIR instrument. Elemental analyseswere performed
using an Exeter model E-440 CHN analyzer, and el ec-
tronic absorption spectra were recorded using a

Themolar conductanceof freshly prepared 1x10mol
dm- aqueous solution of 1 wasmeasured using ELICO
CM 180 conductivity meter. Thermal analyses(TGA)
were performed on aPerkin-Elmer — STA 1000 instru-
mentinflowing N, withaheating rateof 10°C min'™.

(@) Synthesisof 1

To asolution of pyridine-2, 6-dicarboxylic acid
(0.167 g, Lmmol) inwater (20 ml) was added Na,CO,
(0.106 g, 1 mmol). The mixture was stirred until the
CO, evolution ceased and then added a methanolic
solution of NiCl,.6H,0 (0.119 g, 0.5 mmol). There-
aulting solutionwasgtirred for 30 minutesand thendried
inrotary evaporator. Theresiduewasextracted with
hot water and kept for crystallization. After 14 hours
bright green single crysta ssuitablefor X-ray datacol-
lection wereobtained in 90%yield. Molar conductance:
69.0 S cm? mol* in water. Anal. Calcd. for
C_H,N.NaNi O, (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) Synthesisof 2

1(0.089 g, 2 mmol) wasrefluxedin 4-methyl pyri-
dinefor 18 hrsand then kept the clear solution over-
night for crystalization. After aday it afforded light blue

Shimazdu UV-1700 PhermaSpec Spectrophotometer.  crystalsof 2with 68%yie d.
_ & CH3
o HsC @ CH3
o o-H = (=
N N/ Refluxed i B | N/
Na;CO« 1) 0 ) cliuxe 1'nl ../
2 3 Na@ ~. ! _— 4-methyl pyridine - Ni
_— B —b
. NiCl,.6H,0 r!1 o N
HO OH o | o S | o
AN N

Scheme1: Syntheticroute of thecomplexes

X-ray crystallography

Singlecrystal X-ray dataof the complex wascol-
lected onaXcalibur Oxford CCD Diffractometer us-
ing graphite monochromated MoK « radiation a room
temperature (20° C). Dataintegration was carried out
using CrysAlisPro software®®. The structureswere
solved by direct method (SHEL X S-97)9 and refined
by full-matrix least-squares method against F2
(SHELXL-97) using aWinGX platform™” All non-

hydrogen-atomswererefined anisotropicaly whilethe
hydrogen atomsof the pyridinewere placed at cal cu-
lated positionsusing SHEL X default parameters. How-
ever, the hydrogen atoms of water moleculesand the
one of the carboxylic acid group were detected from
thelow intengty diffraction pesks. Crystdlographic deta,
detailsof structure solution and refinement have been
summarizedinTABLE 1. Crystalographic datain CIF
format (CCDC No. 909017 and 938646 for 1 and 2
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respectively) can be obtained free of chargevia http://
www.cede.cam.ac.uk/conts/retrieving.html or fromthe
Cambridge Crystallographic DataCentre, 12 Union
Road, Cambridge CB2 1EZ, UK or by e-mail:
deposit@ccdc.cam.ac.uk

TABLE 1: Crydallographicand structurerefinement data
EmplrlCd formula CisHgNoNagNi1Oq9 CosHoaN4Ni1Og

Formula weight 446.9 535.17

Temperature (K) 293K 293K

Crystal system Monoclinic Monoclinic

Space group P,2:/c; P,2:/c;

alA 13.6707 (5) 16.1521(7)

b/A 10.0418 (3) 23.6660(8)

c/A 13.7652(6) 14.5247(7)

B/deg 115.133(5) 112.083(5)

VIA® 1710.76(13) 5144.8(4)

z 4 8

u (mm™) 1.22 0.800

F (000) 900 2224.0

GOF on F? 1.035 0.896

Final Rindices

[1>201] R1=0.0429 R1=0.065
wR2=0.107 wR2=0.131

Rindices (all data) R1=0.063 R1=0.161
wR2=0.1213 wR2=0.153

Largest diff.peak

and hole (eA-3) 0.621 and -0.746  1.535 and -0.424

RESULTSAND DISCUSSION

Synthesis

Thereaction of disodium salt of dipicolinic acid
(H_dipic) with methanolic solution of nickel chloride
hexahydrate at room temperature, afforded 1invery
good yield. Thesame product wasa so obtained when
an equimolar ratio of H,dipic and nickel chloride
hexahydrate (in presence of abaselikeNa,CO,) were
used for the reaction. 1 on refluxing in 4-
methylpyridineafforded 2inhighyields. Thelater being
agtronger ligand easily replacesdipicligandsfromthe
coordination sitesof Ni(ll) (Scheme 1). Though ther-
molysis of Ga(PtBu,), and In(PtBu,), in hot 4-
ethylpyridineisknown to decompose the compounds
completely into guantum dots of InP and GaP*#, no
such decomposition (giving nicke oxide) wasobserved

inthe present case.

Themolar conductance (69.0 Scm? mol?) offered
by agueous sol ution of 1 indicatesthat the complex be-
havesasal:1 weak electrolyte. Thelow conductivity
isdueto the polymeric natureof thecomplex 1whichis
possibly maintained inthe solution stateto alarge ex-
tent that reducestheionic mobility of the charged spe-
cies. Complex 1 do not exchangewith other cations
eadly asour attemptsto do sousingAg*,Cu*,Sn?" and
Al** failed under norma conditions.

Spectral studies

Theinfrared spectrum of the complex 1 wascon-
sstent with itsformulation. Broad bandsintheregion
of 3500 cmt to 3100 cm? correspond to O-H stretch-
ing vibrationsassociated with both coordinated and free
water molecules. The broadness of peaks can be at-
tributed to the significant hydrogen bonding. The O-H
bending vibration at 1394 cm* can beattributed to the
protonated carboxylate group. The sharp, mediumin-
tensity bands at 1285 cm* and 1431 cm* are due to
the, v(C-0), v (C=0) vibrationsrespectively. A very
strong band centred at 1611 cm? corresponds to
v_(C=0) vibration of thecarboxyl ate groups. Themag-
nitude of the separation [Av= (v aym™ Ve )=180cm’]
isconsiderably large suggesting aunidentate binding
mode of the carboxylate group to the Ni(ll) ion*?, as
disclosed by the X-ray structure.

Similar bandsare dso observedinthelR spectrum
of 2. Important bandsinvolving O-H vibrations of car-
boxylate group; namely, the C-OH in-plane bending
and out-of-plane O-H deformation modes are absent,
hence showing compl ete deprotonation of the—COOH
group. The CH aromatic ring stretching band appears
at 3067 cnrt, whilst the CH stretching of the methyl
group of 4-methylpyridine appearsat alower frequency
of 2925cmr. Four strong bands between 1620 and
1420 cm*may beassigned to thering stretching vibra:
tionsof pyridine. Thes,, . , in-planedeformation ap-
pearsasasharp band at 691 cm*andat 695cmtin 1
and 2 respectively.

The UV /visible spectraof 1 and 2 wererecorded
using 102 M solutionsin water and DM SO respec-
tively. Inoctahedra environment Ni(Il) hexaaquacom-
plex exhibitsthreespin alowed d-dtransitionto the
3ng, 3Tlg (F)and 3Tlg (P) levelswith maximaat 8500,
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13800 and 25300 cm? respectively with comparatively
low intengities, whereshifting occur to higher wavenum-
bers depending on the nature of the coordinating
ligand®, The electronic spectraof 1in aqueous me-
dium and that of 2in DM SO (Figure 1) exhibit three
absorption bands (TABLE 2) consistent with an octa-
hedra Ni(Il) ion.

1.0 4

1 in water
2 in DMSO

0.8

0.6

"E
‘TU
NE— 0.4
S
>
w 0.2
0.0 4
4[I)0 EI'JEI ﬂCIlO 1D'OD 12Illl]
Wavelength (nm)
Figurel: Electronicabsorption spectraof 1and 2
TABLE 2: Electronic spectral datafor 1and 2
1 2
Molar Molar
Transtions ~Band 0 ptivity Band — poor ptivity
positions © positions ¢
(nm) (M7em™) (nm) M™em™)
3A2 —> 3T2
g v 9 1058-1082 25 1007-1032 21.6
1
BAzg e 3T19
(P 636-657 6.1 615-638 8.3
(v2)
3A29 —> 3Tlg
P 387 345 362 74
(va)
Thermal analysis

Compounds 1 and 2 were subjected to thermo
gravimetric anaysisunder flowing N, to probetheir
dehydration and decomposition behaviour. Both the
compounds exhibit multi-step thermolytic patterns
(Figure?2).

TheNi coordination polymer 1 underwent dehy-
dration with elimination of uncoordinated and coordi-
nated water moleculesintheinitia stepsof decompos-
tion. Thoughitisnot possibleto predict the step wise
decomposition of thecompound from thethermd data,
yet the end product (26.29%) is seemingly NaNiO,
(Cdcd 25.43%).

—— complex 1
---- complex 2

=20 -

IS
1=
1

Weight loss (%)

80 - \

-100 T T T ¥ T
200 400 600 800

Temperature (°C)
Figure2: TGA plot of 1and 2

The complex 2 began to dehydrate immediately
upon heating, withlossof al uncoordinated water mol-
ecules, sothefirst and second stages of decomposition
witnesstheliberation of water moleculesalongwith 4-
methyl pyridinemoiety with 55.49% weight loss(Calcd
55.53%). Thethird decomposition spansfrom 278°C
t0482°C corresponding to 31% weight loss cons stent
with theexpulsion of dipicolinatemoiety (Cacd 30.4%);
leaving behind mass remnant of 13.5% indicative of
deposition of NiO asthe end product (Calcd 13.9%).

M olecular structure

Thecomplex 1 wascrystdlised inmonoclinic sys-
tem with spacegroup P2 /c. Thereisawater molecule
crysalisadinthelattice A perspectiveview of thecom-
plex hasbeen depicted (Figure 3). Thecentra nickel (1)
ioniscoordinated by two dipicolinate moieties each
acting astridentate O, N, O- chdatingligands. The O-
Ni—N bite angles in the complex are in the range of
76.64°-78.71°, which aresignificantly shorter fromthe
expected octahedra 90° vauethereby making theco-
ordination environment around the centra nickel (I1) as
adistorted octahedron. Thefour Ni—O and two Ni-N
bond distances (TABLE 3) lieintherangeswhich are
typical for asix-coordinated nickel (I1) d® system(?Y.

The C-O bond lengths of carboxylategroupsare
significant to understand the nature of bonding. C1-
O7 and C14-06 bond lengths are 1.24 and 1.22A
respectively that are typical of a CO double bond,
whereas C7-08 bond lengthi? is 1.27A which is in-
dicative of partial double bond character dueto the
coordination of O8 with the sodiumion. C8-O5 bond
length of 1.29 A is consistent with the protonated na-
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ture of O5. A hydrogen bond with the uncoordinated
water molecule Ow2 holdsthelatter in close proxim-
ity of the coordination polymer backbonewhich pro-
videsa3-D ancillary interwoven pathway (Figure4),
whichisquitedifferent from theearlier reported the
structural findings on Co(I1) and Ni(Il) complexes
forming water channel §%.

TABLE 3: Selected bond distances(A), bond angles (°) for 1

Ni N1 1960(2)  Ni O4 2.100(2)
Ni N2 19702) O4Na 2.597(3)
Ni O1 2168(2) O8Na 2.459(4)
Ni 02 20062 NaOw 2.527(8)
Ni O3 21942) C805 1.285(4)
NINiN2  176.39(10) N2 Ni O3 76.64(9)
N2NiO2  1047809) O2NiO3 93.24(8)
NINiO4  10050(9) O4NiO3  155.22(9)
N2NiO4  7858(10) OLNi O3 91.45(8)
NINiOl  77.2009) O2NiO4 92.81(9)
N2NiOl  99.33(9) O2NiOl  15588(9)
NINiO2 78729 O8NaO4  114.22(12)
O4NiOL 927799 O8NaOw  92.32(18)
NINiO3 104259 OwNaO4  130.2(4)
o . P / .
N N cw_k . i
l ' l - N\ 04"

Figure3: Ortep view of asymmetric unit of thecomplex 1

Thedisordered water molecule O, , in 1 attached
to sodiumionwas modelled by splittinginto two parts
andtheir so.f. werefoundtobeamost equal [O, (0.49)
/1 O,,(0.51)] onrefinement. Thestructureis extended
by means of the sodium ions affording a1-D helical
structureasseenin Figureb.

ORIGINAL ARTICLE

Figure4: 3D interwoven pathway through extended H- bonds

WP N

Figure5: Thehelical chain architectureviewed parallel to
thecrystallographicaaxis

It may be noted that two such helical chainsrun
anti-paralely and both left and right handed helicesare
present facing each other. Sodiumionfunctionsasa
nodeto connect thetwo Ni(l1) dipicolinate moietiesto
form apolymeric structurewhichisdifferent tothein-
teractionsof dkali meta cationswithdipicolinateNi(ll)
compound where polymeric chain like structuresare
formed by oxo and aquabridges?¥. Inan earlier study
of ionic dipicolinato complexes, [Co(dipic)(Py),]* cat-
ionswere comparablein sizewith[Co(dipic),] —an-
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ions and were associated in alayer-like structure®
contrary to the present case where cation encapsul a-
tiontakesplace.

Thecomplex 2wascrystalised in monoclinic sys-
tem with space group P2 /c. notably, there are large
number of uncoordinated water moleculesinthelattice
(sixteenineach unit cell). A perspectiveview of the
complex hasbeen depicted (Figure 6).

7C25

Figure6: Ortep view of asymmetric unit of thecomplex 2

Inthecomplex, theNi(Il) ionisinadistorted octa-
hedral environment, bondedto O1, O4 and N1 atoms
of divaent anionic dipicligand and the nitrogen atoms
of thethree 4-methyl pyridine groups. Thetwo planes
constituted by N2 N3 N4 and N10104 are almost
perpendicular to each other with aninterplaner angle of
89.48°. Thehigher basicity of the nitrogen atom of the
dipicisdueto the presence of two carboxylate groups
inortho positions; thereby making it to bethe strongest
donor site?, Asaconsequence the Ni1-N1distance
(1.98 A) is significantly shorter than Nil- N2, Nil- N3
and Nil- N4 distances(TABLE 4). Thedipic chelate
biteanglesare 78.08° and 77.93°, comparabletothose
found in other dipicolinate nicke complexes*2.

TABLE 4: Selected bond distances(A), bond angles (°) for 2

Ni N1 1.987(3) NiO4 2.118(3)

Ni N2 2.142(3) NiO1 2.118(3)

Ni1 N3 2.062(4)  NilN4 2.140(3)

NINiLN3  178.95(13) O4Ni1N4  91.42(12)
NINi1Ol  77.96(13) NINiIN2  92.06(13)
N3Ni1Ol 101.85(14) N3Ni1N2  88.96(13)
NINi1O4  7807(12) OLNi1IN2  88.40(12)
N3Ni1O4 102.15(13) O4Ni1N2  90.91(11)
NINiLN4  91.82(13) N4NiIN2  175.82(12)
N3Ni1N4  87.16(13) OLNiIN4  90.87(12)

Asmentioned aready there areanumber of water
moleculesin thelattice. Four oxygen atoms of water
mol ecul es, together with two carboxyl ate oxygens of
2; eachfrom adifferent unit., furnishasix membered
planer ring thereby interlinking themonomeric unitsof
2 (Figure7). These O-O distancesvary from 2.76 A

t02.89 A.
)v
“\;& pr

£

g o AL
;. 9 ¢
,.-':.'V . .V\‘ =y

, 09 e

b .012 @ VV‘
&

Figure7: Interconnection of monomeric unitsof 2

CONCLUSION

Mixed N-, O- donor ligands, offer awiderange of
possibilitiesfor MOF construction and may lead to su-
pramolecular interactions of hydrogen bonding and -
n stacking types. Combining the advantages of Het-
erocyclic N-donor ligands being good donor ligands
due to the presence of one nitrogen atom withrigid
backbones of aromatic rings and flexible binding
behaviour from monodentate and chelating to
multibridging mode of carboxylate groups, we have
congtructed meta -organic frameworks of carboxylate
moi ety mixed with pyridine-functionality linkers. We
maly expect that with arational design, more unusual
coordination architectureswith new mixed-ligand sys-
temswill befeasblefor far-flung goplications. Theout-
come of such designed syntheseswill belikely to have
great importancein crystal engineering and supramo-
lecular chemistry.
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