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Abstract: Coordination polymers of Mn(l1),Co(ll), Ni(11), Cu(ll), Zn(11) and Cd(l1) coordination polymers of Schiff base
ligand (TDINH) derived from Terephthaladehyde and Isoniazid have been prepared. The ligand is characterized by
elemental analyses, IR and electronic spectra, magnetic susceptibility measurements and thermogravimetric analysis.
Thermogravimetric analysis decomposition behaviors of all the coordination polymers were studied using
thermogravimetric analysis in nitrogen atmosphere. The octahedral geometry have been suggested for Mn(l1), Fe(ll), Co(ll)
and Ni(ll) coordination polymers, square planar geometry to Cu((ll1) where as tetrahedral for Zn(ll) and Cd(ll)
coordination polymers . Thermal data have been analyzed for kinetic parameters by both Coat-Redfern and Broido methods.
The solid state electrical conductivity of ligand and its coordination polymers has been measured in the temperature range
313-413K and coordination polymers are found to show semiconducting behavior.
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I Introduction

Schiff bases containing an azomethine group (—-CH=N-) are formed by condensationof a primary amine with a carbonyl
compound [1]. These bases are ligands, which are active, well designed and stable under a variety of oxidative and reductive
conditions [2]. Symmetric and asymmetric transition metal complexes of Schiff bases have been used as catalysts in reactions,
such as epoxidation [3], asymmetric synthesis [4], asymmetric sulfoxidation [5], asymmetric silylcyanation [6], and many
other applications [7].

The design of new coordination supra molecules and polymers based on the transition metal compounds and multidentate
organic ligands has attracted much interest in recent years [8,9]. Coordination polymers are usually known for their thermal
stability [10,11] and huge work has been reported [12-15] on the synthesis, characterization and thermal studies of coordination
polymers. However, some additional equally good applications have been reported, such as solar energy converters [16] and
removal of SOx and NOx from theenvironment [17]. One major goal in this area is the preparation of new compounds with
interesting properties such as functional materials in molecular magnetism [18], catalysis [19], Schiff bases and their
complexes have a variety of applications in biological clinical and analytical fields [20]. Recently there has been a
considerable interestin the chemistry of hydrazine and hydrazone compounds because of their potential pharmacological
applications [21].

11 Experimental

Material and method

All the chemicals and solvents used were of Analytical Grade (AR) and purchased commercially. All the solvents were purified by
standard method and used. The compound Terephthalaldehyde and metal acetate were purchased from E. Merck Ltd. (India),
Isoniazid was purchased from Himedia, India and used without further purification.

Synthesis of bis-ligand

Schiff base ligand has been synthesized by mixing ethanol solution (100 ml) of Isonicotinic acid hydrazide 0.1mol(12.4g) and
ethanol(50ml) solution of Terephthalaldehyde 0.05mol(6.7g) with continuous stirring in hot condition. The resultantmixture
was refluxed on a water bath for about 2 hours and left to cool, where upon crystallineyellow product which had formed was
filtered off and washed several times with hot Ethanol to remove unreacted reactant. Product was recrystallized from DMF
and dried under reduced pressure over anhydrous CaCl..The reaction of ligand formation has been shown in following Fig.[1]
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Fig.1 Structure of bis-Ligand

Synthesis of Transition Metal Coordination Polymers

Coordination polymers of Terephaaladehyde di-isonicotinoylhydrazone (TDINH) (HoL) with Mn (11),Co(I1),Ni(I1),Cu(ll), Zn(11)
and Cd(ll) have been synthesized by dissolving metalacetate in minimum quantity of DMF and were added to a solution of
Terephthalaldehydedi-isonicotinoylhydrazone in DMF in 1:1 molar ratio. The reaction mixtures were refluxed inan oil bath at
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about 140°C for 7hours. The products formed were filtered, washed thoroughly first with hot DMF and then with absolute
alcohol and dried under vacuum on an anhydrous CaCl, The physicochemical and analytical data of the ligand and its
coordination polymers are listed in table 1 and 2.

Instrumentation

The Infrared spectra were recorded using KBr on a Shimadzu 8201 spectrophotometer in the range 400-4000 cm™. The carbon,
hydrogen and nitrogen analyses were carried out on a Carlo Erba 1108 elemental analyzer. H spectra of ligand were recorded on
Bruker Advance Il, 400MHz and NMR spectrophotometer in DMSO-ds with TMS as an internal standard. Magnetic measurements
were carried out by the Sherwood magnetic susceptibility balance MK-1 at room temperature. The solid-state diffuse reflectance
spectra of the complexes were recorded in the 200—1200nm range using MgO as diluent on a Cary 60 UV-Vis spectrophotometer.
Thermogravimetric analyses were performed on a Perkin Elmer, Diamond TG thermal analyzer in the temperature range 40—750°C
with a heating rate of 10°C min'. Metal contents of the complexes were analyzed gravimetrically after decomposing the organic
matter with a mixture of HCIO4, H,SO4 and HNO; (1:1.5:2.5) and then igniting to metal oxide [25]. The solid state electrical
conductivity of the prepared complexes has been measured by using two probe techniques over a temperature range 303-463 K.
The samples were in the form of pellet having diameter 13mm and thickness of 2-3 mm at pressure of approximately 1x108 Pa. The
pellet was placed between two copper electrodes with silver paste on both sides so that there have good ohmic contact between
pellet and electrodes. The temperature of sample was measured with the accuracy +1°C with a calibrated Ni-NiCr thermocouple
inserted inside the cell. The activation energies of electrical conductance were calculated using equation, 6 = ¢ %xp (Ea/KT)
characterization.

11 Results and discussion

IR spectrum

IR spectrum of ligand depicts the band around 3250cm-! due to —~NH- group of secondary amide [22]. However after ligation with
ligand ions in coordination polymers this frequency is diapering indicating that the proton on the nitrogen atom is lost upon chelation
with metal ions. The ligand also shows the IR absorption bands around 1650 cm™* due to >C=0 group and 1601 cm™ due to—C=N
group however the >C=0 group bands is lower down 10 cm in spectra of coordination polymers.

Magnetic moment and electronic spectra

The information regarding the geometry of the coordination polymers were obtained

from their electronic spectral data and magnetic moment values. The observed magnetic moment of Mn (11) complex is 5.78 BM,
which is within the limits of spin free values for five unpaired electrons indicating that the complex high spin octahedral. The
observed magnetic moments 3.62 and 2.91 B.M., for the Co (1) and Ni (I1) coordination polymers, respectively at room temperature
is within the range for an octahedral geometry [23]. The reflectance spectrum of Co (II) coordination polymer shows bands at
A17,690 and A21,690c¢cm—1, which may be assigned to 4T1g (F) —4A2g (F) and 4T (F) —4T1g (P) respectively, of an octahedral
geometry. The reflectance spectrum of the Ni (I1) coordination polymer exhibits bandsatA15,590, andA 22620 cm-1 assignable to
3Azy —3Tyg (F) and 3Ag — 3Tygtransitions respectively, in an square planar geometry. The reflectance spectrum of the Cu (I1)
coordination polymer displays a broad band at A15,200cm—1 due to the 2Eq—2Tq transition and the observed magnetic moment
is[1]83 B.M., which may be due to tetrahedral geometry Whereas tetrahedral geometry for Zn (11) and Cd(I1) polymer coordination
polymer is diamagnetic as expected for d10 system.

Thermal Studies

Thermal analyses of the metal bis ligand coordination polymers were carried out up to the temperature 700°C. All the coordination
polymers show a gradual mass loss indicating decomposition by fragmentation with increase in temperature. The perusal of
thermograms of Mn(11),Co(ll) and Ni(ll) coordination polymers show weight loss of 6.42 (6.37%), 6.45(6.32%) and 6.40(6.32%),
respectively in the temperature range 140-240°C. This weight loss corresponds to the loss of two coordinated water molecules. In
the TG curve of Cu (II), Zn(11) and Cd(Il) complex, there is no weight loss up to 245°C and these rules out the presence of any
water molecule in these coordination polymers. After the loss of water molecules, TG curves shows continuous mass loss in a
temperature range 250-650°C and attain a horizontal level above 650C suggesting the formation of final decomposition product as
stable metal oxides [24]. From the thermal decomposition data various kinetic parameters have been calculated by using both Coats-
Redfern (CR) and Broido (B) methods [25] and comparable values obtained are given in Table 2.

Solid State Conductivity

The solid state D.C. electrical conductivity of the synthesized ligand and its coordination polymers in compressed pellet form (5
ton cm?) was measured in the temperature range (313-413 K) and a linear dependence of log ¢ =(10%/T) as evident from Arrhenius
plot of electrical conductivity indicates the semiconducting behavior of these compounds [26].The electrical conductivity (o) varies
exponentially with the absolute temperature according to the relation 6=c°exp (-Ea/KT), Where ¢° is constant, Ea is the activation
energy of electrical conduction, the absolute temperature and K, the Boltzman constant. The D.C. electrical conductivity value at
room temperature lies in the range 4.320x10? to 7.211x10%° O'cm™. The conductivity of TDINH and its metal coordination
polymers at 373 K followed the order Zn>Co> Ni> Mn>Ligand >Cu>Cd. The observed low value of electrical conductivity may
be attributed to low molecular weight due to which the extent of conjugation becomes low or undesirable morphology due to
pressing of the sample into hard brittle pellet form [27-30].

111 Conclusion

Here we have reported preparative and structural studies of metal coordination polymers of bis-ligand. All coordination polymers
are insoluble in common organic solvents. It was not possible to characterize them by conventional methods, like osmometry,
viscometry, conductometry, etc., as they are insoluble. The nature of ligand, high thermal stability, metal-ligand ratio (1:1) and
insolubility of these compounds suggest their polymeric nature. An octahedral geometry has been suggested to Mn(ll), Co(ll),
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Ni(Il) and Cu(Il) where as tetrahedral geometry for Zn(I1) and Cd(I1) polymers.

1V Acknowledgments

Authors are also thankful to Sophisticated Analytical Instrument facility, Punjab University, Chandigarh for providing elemental
analysis, IR and 'H NMR facility and SAIF, Lacknow for providing the element analysis, spectral and thermal analysis is also
gratefully acknowledged.

References
[1] Bell S.C, Conklin G.L, Childress S.J.“The Separation of Ketimine Isomers”. Journal of the American Chemical Society, 85,
2868-2869,1963.

[2] M.R. Maurya, “Probing the synthetic protocols and coordination chemistry of oxido-, dioxido-, oxidoperoxido-vanadium and
related complexes of higher nuclearityvol.383, pp.43-81,2019.

[3] A.S. EI-Table, M.M. Abdelwahed, M.A. Whaba,and M.A.Shebl, “Physico chemical studies and anti carcinogenic activity of
binary and ternary metal complexes derived from new NN —Bidentatte oxime ligand ”vol.11,pp.3888-3918, 2015.

[4] M. S. Hossain, P.K. Roy, C.M. Zakaria, M. K. Zahan, “Selected Schiff base coordination complexes and their microbial
application A review”, vol.6(1), pp,19-31,2018.

[5]G.L. Goff, Jamal Ouazzani “Natural hydrazine—containing compounds Biosynthesis isolation ,biological activities and synthesis
,vol. 22, no. 23 pp. 6529-6544, 2014.

[6] Y .Yang , C.Y. Gao, JL Liu, D.W. Dong, “ Recent developments in rhodamine salicylidene hydrazone
chemosensors”vol.8,pp.2863-2871, 2016.

[7] O. Sebastian, A.Thapa, “Schiff base metal complexes of Ni, Pd and Cu”,vol.7 n0.10,pp.953- 963,2015.

[8] R.S. Bhaskar, N.G. Salunkhe, A.R.Yaul, A.S.Aswar, “Synthesis, characterization, thermal behavior and biological studies of
VO(IV) and MoO2(VI) complexes of hydrazones ligand” ;,vol.93,pp.489-494, 2016.

[9] R.S. Bhaskar, N.G. Salunkhe, A.R.Yaul, A.S.Aswar,. “Bivalent transition metal complexes of ONO donor hydrazone ligand:
Synthesis, structural characterization and antimicrobial activity” Part A. vol.151, pp.621-627,2015.

[10]B. S. Furniss, A. J.Hannaford , P. W. Smith G.,Tatchell, A. R. Vogel’s Textbook of Practical Organic Chemistry. 5"" Ed.
Longmans. London,1976.

[11] S.B.Yu, R.H. Holm,. “Aspects of the oxygen atom transfer chemistry of tungsten”, vol.28, pp.4385-4391, 1988.

[12] G.H. Jaffery, J.Bassett, J. R.C. Mendham,.Vogel’sQuantative Chemical Analysis. Longoman Scientific and Technical,5" ed.
John Wiley & Sons Inc. New York. 1989.

[13] D.C.Gross,J.E. De-Vay,*“ Production and purification of syringomycin, a phytotoxin produced by Pseudomonas syringae”
vol. 11, 13-28, 1977.

[14] D.C Dash, R.K Mohapatra, S .Ghosh,. P Naik, “Synthesis and Characterization of Homobinuclear Complexes of UO_2(VI),
Th(1V), ZrO(1V) and VO(IV) with Schiff-Base Monohydrazone Derivatives”,vol.52 no.5, 468-475, 2008.

[15] M.R. Maurya, B. Sarkar, F .Avecilla,l.Correia, “Vanadium Complexes Derived from Acetyl Pyrazolone and Hydrazides:
Structure, Reactivity, Peroxidase Mimicry and Efficient Catalytic Activity for the Oxidation of 1-Phenylethanol "vol.25, pp.4028-
4044, 2016.

[16] R.C. Maurya, H. Singh, T.Singh, * Metal chelates of bioinorganic and catalytic relevance: Synthesis, magnetic and spectral
studies of some mononuclear and binuclear oxovanadium(1V) and dioxotungsten(VI1) complexes involving Schiff bases derived
from 4-butyryl-3- methyl-1-phenyl-2-pyrazolin-5-one and certain aromatic amines”.vol.40, pp.1053-1063,2001.

[17] B. Mondal, B.T.Ghosh,M.Sutradhar, G.Mukherjee, T.Ghosh,T. “Synthesis, structure and solution chemistry of a family of
dinuclear hydrazonato-vanadium(V) complexes with [OV(u-O)VO]4+ core . vol.27, pp.2193-2201,2008.

[18]U.0.0zdemir,N. Akkaya,N.Ozbek, “New nickel(ll), palladium(ll), platinum(ll) complexes with aromatic
methanesulfonylhydrazone based ligands. Synthesis, spectroscopic characterization and in vitro antibacterial evaluation ,vol.400,
pp.13-19,2013.

[L9]N. Chitrapriya,V.Mahalingam,M. Zeller ,K.Natarajan, “Synthesis, characterization, crystal structures and DNA binding studies

IJSDR2107036| International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org | 228


http://www.ijsdr.org/

ISSN: 2455-2631 © July 2021 IJSDR | Volume 6 Issue 7

of nickel(I) hydrazone complexes, vol.363, pp.3685-3693,2010.

[20] J.R.Anacona,M.Rincones, “Tridentate hydrazone metal complexes derived from Cephalex in and 2-hydrazinopyridine:
Synthesis, characterization and antibacterial activity ”, vol.141,pp.169-175,2015.

[21]B.T. Thaker,K.R.Surati;S.0.Swal,R.N.Jadeja,V.K.Gupta, “Synthesis, spectral, thermal and crystallographic investigations on
oxovanadium(lV) and manganese(l1l) complexes derived from heterocyclic B-diketone and 2-amino ethanol”,vol.18,pp.295-
310,2007.

[22]R.R.Zaky, T.A.Yousef, “Spectral, magnetic, thermal, molecular modelling, ESR studies and antimicrobial activity of (E)-3-(2-
(2-hydroxybenzylidene) hydrazinyl)3oxon(thiazole-2yl)propanamide complexes”,vol.1002,pp.76-85,2011.

[23] D.A.Chowdhury,M.N.Uddin,M.A.H.Sarker, “Syntheses, Spectral Characterization, and Antimicrobial Studies on the
Coordination Compounds of Metal lons with Schiff Base Containing Both Aliphatic and Aromatic Hydrazide Moieties”
vol.35n0.(3),pp483-494, 2008.

[24] D. Kivelson, R. Neiman, “ESR studies on the bonding in copper complexes” vol. 35, pp.149-156, 1961.

[25] A.W. Coats,J.P. Redfern, “Kinetic parameters from thermogravimetric data” , vol.201, pp.68-69, 1964.

[26] A.A Frost,R.G.Pearson, Kinetics and Mechanism. Wiley, New York 1961.

[27]K.K. Narang,K.B.Singh,M.K.Singh, “Synthesis, Characterization, Dehydration, Solid State Conductance and Biological
Activity of Chromium(l11) Benzoyl Hydrazin E Azide/Sulphate Complexes "vol.23(8), pp.1313-1333,1993.

[28] M.G. Wahed, H.A. Bayoumi, M.I. Mohamme, “Physical Properties of Some Acetylbenzaldehydehydrazone Metal
Complexes”, vol.24, pp.1313- 1318, 2003.

[29]Z.H.Chohan,H.Pervez,M.K.Khan,A.Rauf. C. T Supuran, “ Isatin-derived Antibacterial and Antifungal Compounds and their
Transition Metal Complexes”,vol. 19, pp.417-423,2004:

[30] B.G.Tweedy “Plant extracts with metal ions as potential antimicrobial agents,” vol.55, pp.910-914,1694.

Elemental analysis found (Calcd.)
Formula Ea
Ligand Colour Weidht Colour (eV)
g C% H% N% M%

Cream Cream

0.440

TDINH Colour 372.00 Colour 64.0(64.02) 4.5(4.4) 21.7(22.0)

TDINH-Mn Reddish 512.33 Qs 49.2(50.2) 4.2(4.3) 14.6(14.99) | 9.6(9.8) | 0.755
Lemon Lemon

TDINH-Co slﬁiﬁ‘it 502.35 Deep Scarlet |  47.2(47.8) 4.1.(4.4) 14.8(15.2) 9.509.7) | 0.738

TDINH-Ni | Dark Umber 501.25 Dark Umber 42.8(43.0) 3.6(3.9) 14.0(14.1) 10.0(10.2) | 0.929

TDINH-Cu Chartreuse 485.36 Chartreuse 45.1(44.0) 3.8(3.5) 14.8(15.0) 12.3(12.7) | 0.846

TDINH-Zn Mustard 436.96 Mustard 50.5(50.2) 3.6(3.4) 17.4(17.2) 15.3(15.1) | 0.553

TDINH-Cd Avocado 435.75 Avocado 52.65(52.3) 3.5(3.2) 17.5(17.5) 15.2(15.0) | 0.440

Table: 1 Analytical and Physical studies of Coordination Polymers
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Electrical Activation DH E
Ligand Conductivity Method -1 “1mol-1
’ —ol -1 Energy (eV) (°C) (Kj m0|-1) AH (§7%) AS(IK™mol™)
(2%%cm

9.70x1012, F-C 29.49 90.44 -281.40

TDINH 0.31 140
C-R 27.95 160.40 -280.15
5.811x 1078 F-C 24.14 20457 2208.4

TDINH-Mn 0.190 320
3723x 118 C-R 28.09 375.81 -240.20
3.126 x 1079 F-C 25.40 153.08 -280.67

TDINH-Co 0.245 315
1.010 x 1078 C-R 29.23 270.45 -280.54
2392 x 1070 F-C 21.06 320.59 -273.38

TDINH-Ni 0.583 330
7.735x 1076 C-R 24.75 220.17 -281.42
6.001 x 10~ F-C 16.14 330.05 -280.14

TDINH-Cu 0.863 310
9.410 x 1076 C-R 18.90 320.92 -276.48
1.362x 108 F-C 20.61 148,51 264.27

TDINH-Zn 0.749 320
2023 x 1078 C-R 19.14 160.58 -258.91
1.699 x 10-8 F-C 18.94 84.28 -210.45

TDINH-Cd 0.238 305
4.948 x 10-7 CR 20.40 136.35 21528

Table: 2 Thermal and Electrical conductivity data of Coordination Polymers

F-C = Freeman-Carroll, C-R = Coats — Redfern and DH - Half Decomposition temp.
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