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ABSTRACT

A series of metal complexes of Co(ll), Ni(ll), Quénd Zn(ll) have been synthesized with a newdymoligand 4-
(2’,4'-dihydroxy-5’-carboxyphenylazo)antipyrine dexd from 4-aminoantipyrine and 2,4-dihydroxybenzaAcid.
The metal complexes along with the ligand have ldemacterized by analytical, molar conductance gmetic
susceptibility measurement, IR, NMR, electronic, @sass spectra and thermal study. The analytgmctral data
and computational study predict tetradentate natofréhe ligand, distorted octahedral geometry fa(iD), Ni(ll),
Cu(ll) complexes and tetrahedral geometry for 2n@dmplex. Computational study of the ligand and thetal
complexes has been made to determine the geonhgbdcameters and the global reactive descriptorbie T
XRD(powder pattern) indicates triclinic crystal ss for the Cu(ll) complex and cubic crystal sysfernthe Ni(ll)
complex, thermal study reveals thermal stabilitytbé complexes and the fluorescence study predibtstoactive
properties of the azo compounds. The SEM imagkeoZn(ll) complex provides its information abouwst sturface

morphology. The Biological study indicates the laatterial properties and DNA binding activity ofetmewly
synthesized compounds.
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INTRODUCTION

Azo compounds are known for widespread applicatiangarious fields and have been attracting thensittn of
synthetic and theoretical chemists. They are thest of large research works due to their appboat as textile
dyes[1], pharmaceuticals[2], indicators[3]. Azged are the important class of dyes accountinglfmut 50% of
all commercial dyes. Azo dyes derived from hetecticyamines containing nitrogen in the aromatigsimnd their
metal complexes have been receiving the attentibmesearch groups due to their biological actigitias
antitumor{4], antibacterial[5], antifungal[6]. Thesompounds are now in good demands as opticat@mdlicting
organic materials[7]. Azo dyes derived from Antipy@ moiety and its metal complexes have a varidty o
applications in biological, clinical, analytical gnpharmamacological areas[8,9,10,11]. These obisenga
encouraged me to synthesize a new azodye ligamd #@minoantipyrine and 2,4-dihydroxybenzoicachkit
Co(ll), Ni(ll), Cu(ll), Zn(Il) complexes for evalden of their biological activities.
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MATERIALS AND METHODS

All the solvents, the metal salts and other chelmioaed are of either analytical grade or hightgwsupplied by
Merck and BDH. Doubly distilled water is used ihetperiments.

Equipment’s

Elemental analysis of the ligand and complexesaisied out by Perkin —Elmer elemental analyserattplmickel,
copper contents is determined by Perkin —Elmer28®&0nic absorption spectroscopy and chloride costént
estimated by standard procedure, Systronic condtyctiridge 30 is used to measure molar conductafcthe
complexes, Magnetic susceptibility of the compleiesneasured by Gudybalance using Hg[Co(NCg)as a
calibrant at room temperature and diamagnetic cbore have been made by pascal's constants, IRrspetthe
ligand and metal complexes are recorded on usiBgp€llets by perkin elmer FT- IR spectrometer witthe
range 4000- 450 ch UV-Visible spectra of the complexes are collectsing a THERMO SPECTRONIC 6
HEXIOS a and fluorescence spectra are recorded in a Flcemes spectrometéid NMR spectra of the ligand and
the Zn(Il) complex are obtained from Bruker AV H00 MHZ FT NMR spectrometer using TMS as refereisR
spectrum of the Cu(ll) complex is recorded on JBS2B0 ESR spectrometer , mass spectra of the ligauadits
complexes are recorded through JEOL GC Mate GOMdASs Spectrometer, thermal study of the metal cernigl
done by NETZSCH STA 449 F3 JUPITOR, SEM image & tlomplexes are taken in JES FA 200, the XRD
powder pattern of the Cu(ll) complex is collectesihg a Philips X'Pert Pro diffractometer.

Computational study

Molecular modeling is now considered as a importaant for calculating certain physic-chemical arebmetrical
parameters of the chemical compounds. In order €b the better picture about reactivity and georoatri
parameters, computational study of the ligand dredmetal complexes are performed by Gaussian (@/aef
package[12]. The molecular geometry of the ligand #s complexes are fully optimised using B3LYReeof

theory along with 6-331G(d,p) basis set. The B3LpfBvides better results than the Hartree-Fock otetind
reproduce better geometrical parameters compatalle experimental values.

Biological Activity

The DNA binding study of the azo compounds is mbgleGel electrophores method[13]. 10 uL of the metal
complexes are taken along with 15 pL of CT DNA sioludissolved in Tris-EDTA in centrifuge tubes.eltubes
are incubated at 3 for 1 hour. After incubation, the tubes contairdution are kept in a refrigerator atfor

few minutes, 5 pL gel loading buffer with trackimtye (0.25% bromo phenol) is taken in the tubes for
electrophoresis. The electrophoresis is continuedeu constant voltage (50 V) and photographed urélér
illumination.

Hydrodynamic volume change[14] is observed by Oktwascometer immersed in a thermostatic bath nadietd
at 37C . A digital stopwatch is used to measure the ftome, mixing of complexes under investigation wif -
DNA is carried out by bubbling nitrogen. Data anesented by plotting a graph indicating/ng)® verses
[complex]/[DNA] wheren is the viscosity of DNA in presence of complexad a, represents the viscosity of DNA
alone. Viscosity values are collected by followitige equationn =t-t; where t is the flow time of the DNA

containing solutions and is the flow time of DNA alone.

The antibacterial activity of the ligand and itstalecomplexes is studied in vitro by the cup-platethod[15]
against theescherichia coliMTCC-40)andStaphylococcus aurey81TCC-87)using agar nutrient as the medium
by the cup plate method[15]. The investigated ldyand its complexes are dissolved in DMF. The liged agar
plates are swabbed with the bacteria culture dledi fivith test solutions, then incubated at°87for 24 hours. The
activity is evaluated by measuring the zone ofhitlun with respect to the standard drug Tetracycli

Synthesis of ligand

The ligand 4-(2’,4’-dihydroxy-5’-carboxyphenylaze synthesized by the coupling reaction betweerdiazonium
chloride produced from 4-aminoantipyrine) and alelsolution 2,4-dihydroxybenzoicacid. This canawhieved
by diazotization of 4-aminoantipyrine by dissolvia@1 mol, 2.03 gm of it in hydrochloric acid, cing it to 0-5C
and adding equivalent amount of ice cooled sodiitntensolution with stirring. The cooled diazoniuchloride is
then made to react with the alkaline solution @f@hydroxybenzoicacid(0.01 mol,1.54 gm). The cetbazo dye
ligand is formed which is recrystallised from etbReaction scheme-1).
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Synthesis of Metal complexes

The Metal (Co(ll), Ni(ll), Cu(ll) and Zn(ll)) chlades(0.01 mol) in ethanolic solution are addedh® ¢thanolic
solution of the ligand in 4:1 ratio separately. Thaction mixtures are refluxed for about one rai8CC to get the
respective solid metal-ligand complexes. Theuseftl solutions are allowed to cool and concentrétemnonia
solution was added drop by drop till the formatioh precipitates of Co(ll), Ni(ll), Cu(ll) and Zn(ll The
precipitates of azo metal complexes as given imréid., Figure-2 are collected by filtration, waslveéth ethanol
and dried in vacuum. This is represented in rea@icheme-2

Reflux 1 hour, 66C
2MCl, + LHg » [M,LCI,(H,0)s] + 3NH,CI
NH,OH

M= Co(ll), Ni(ll),Cu(ll)
Reflux 1 hour, 66C

2MCI, + LH3 » [M,LCI,(H,0),] + 3NH,CI
NH,OH
M= Zn(Il)
Reaction scheme-2
cl OH,
Hzo\Co//o
N
H,O
~ N o
| 4 N
N

O ~—OH,
o— O/ \OHZ
o

Fig- Co(ll) complex
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Fig- Zn(Il) complex
RESULTS AND DISCUSSION

The ligand and all its metal complexes are coldur@nd stable to air. The complex compounds angbimlin
solvents like DMF and DMSO but remain insolubleeithanol, acetone, ether and carbon tetrachloritie. high
melting point of all complexes than the melting godf ligand indicates more thermal stability oétbhomplexes
than the ligand(Table-1).

3.1. Elemental analysis

The elemental analysis(Table-1) of the compounds igood agreement with the composition of the ssted
formula. The analytical data of the complexes iatkaheir formula as [ML.CI,(H,O)e], where M represents Co(ll),
Ni(Il), Cu(ll) ions , [M,LCI»(H,0),] where M stands for Zn(ll) ion and L stands foe tlgand.

3.2. Conductance measurements
The Conductance measurements of the solutionseofriital complexes(fOM in DMF) show the value in the
range of 10-15 Ohmem’mol™. These values suggest that all metal complexesarelectrolyte in nature[16].

Table-1 Analytical data

compound Colour Yield(% ,E{’ICI; N . % Four:ji(calcc . -
! Red o7 & (ggigg) (gigi) (g:ig)
? Brickred 2 | >399 (g:gg) (ggigg) (g:;i) (g:zltg) (18:%
° Scarlet red %6 | 30 (g?i) (ggig% (gjgi) (g:zzg) (ig;‘g)
[ resmuon| | o 5L B8] 5305 0
° Brown 53| 300 5reo) | (anom)| (554) | (0.09)| (1176)

1.LHs, 2[C02LC|2(H20)G], 3.[Ni2LC|2(Hzo)5], 4.[CU2LC|2(H20)6],5. [anLclz(Hzo)z]

Spectral study

IR Spectra and mode of bonding

The IR spectrum of the ligand(Graph-1) is compangtth the spectra of metal complexes(Graph-2) ineorih
examine the mode of bonding between ligand and tomp(Table-2). The IR spectrum of the ligand shavesoad
band at 3434 cth which is missing from the spectra of the metal ptexes that indicates deprotonation of
phenolic(-OH} and bonding of metal atoms with oxggegom of the —OH group. The C-O frequency vibratiand
observed at 1270 chin ligand is shifted to ~1236 chin complexes confirming bonding of metal atomshwi
oxygen atom of —OH group[17]. Two bands appea#atiland 1632 cthcorresponds t0sym anduasym respectively

in the spectrum of the ligand which are observed3®6 crit and 1621 cm due tovsym andv,sym that indicates
monodentate nature of the carboxylate group andlibgnof carboxylic oxygen with metal atoms[18]. Aru
appears at 1493 chrorresponds to —N=N- group in the ligand is shiifte ~1456 cri in metal complexes that
suggests bonding of azo nitrogen with the metad[ib®]. The spectra of complexes reveal the presehband at
~3418 cnit due to the vibrational frequency of O-H of cooatied/ lattice held water. The presence of coordiate
water is further confirmed by the rocking band 33 cni* and twisting band at ~ 732 &nfi20].The vibrational
frequencies of M-O and M-N bonds which appear 806 cm® and ~ 585 cr respectively confirm the bonding
between metal ions with the ligand through phenmkiggen and azo nitrogen atoms[21].
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Graph-1 IR Spectrum of the ligand
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Graph-2 IR Spectrum of the Co(ll) complex

Table-2 IR data of the investigating compounds

compound| v(C-O) cm® | v(N=N) cm 0(COQ)sym | ©(COO)asym | LM-O) | L(M-N)
cmt cmt cnit cm’
1 1270 1493 1411 1632 - -
2 1236 1456 1386 1621 606 585
3 1234 1456 1385 1588 605 585]
4 1235 1455 1385 1587 604 584
5 1236 1454 1384 1586 604 585

1-LHs, 2- Co(ll) complex, 3-Ni(ll)complex, 4- Cu(ll) cpbax and 5- Zn(ll) complex
The peak ab 3.38 ppm Electronic spectra and magnetic moment

The electronic spectra and magnetic measuremeatsaken in to account to establish the geometricitres of
the complexes since we failed to synthesize singlstal of all the complexes. The electronic speutiof Co(ll)
complex(Table-3, Graph-3) exhibits four bands &a0) 16200 and 17450 chassignable t8T:4(F) > “Tao(F)( v1),
Tig(F) = “Axg(F)(v2), “T1g(F) > “Tog(P)(vs) transitions which are characteristic of octahed@bmetry[22]. The
fourth band is a CT band and the electronic pararsetuch as Dq, B3, v,/v; and %o are calculated by using
following equations and given in the table-
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Dq =V, —v1/10

B= vy + va- 3\’1/15
Bss =B/ 971

B3s% =( 1- B35)x100

Similarly, the Ni(ll) complex(2)(Graph-3) also dklis three d-d transition three bands at 1210050523500 cm

! corresponding tGA((F) > *Tag(F), *Asg(F) = *Tag(F), *As(F) - *Tai(P) transitions, these suggests octahedral
geometry for the Ni(ll) complex[23,24]. The fouttand is a CT band and parameters like D@, B/v; and %fss

are calculated by usirigllowing equations

Dq = v//10
B = Vo +v3- 3V1/15
Bas = B/1041

Bas% =( 1- P35)x100

The Racah parameter (B) of the Co(ll) and Ni(ll)mmexes are found to be less than the free ionegahnd
Nephelauxeticf{zs) parameter for both the complexes is less than Alh¢hese observations suggest that the metal
ligand bonds in the complexes are covalent in eatur

The spectrum of Cu(ll) complex(Graph-4) shows ab@fds at cihand 19607 ci and one d-d transitions band
at 15384 crit which may be assigned ‘EEg - 2ng transition supporting a distorted octahedral igution for
the complex[25].

The magnetic moment of the Co(ll), Ni(ll) and Cy(@lomplexes are found to be 3.71 B.M. ,2.69 B.vd 4r68
B.M. respectively. All these values indicate octia¢ geometry for the metal complexes[26,27]. Th€ll)
complex is found to be diamagnetic, hence tetraigrometry is suggested from the analytical angrretic data.

0.6

a5

N A

: V \ Seriesl
0.z \ \ Series2
o T T I ]
200 400 600 £00 1000
-0.1
Graph-3 Electronic spectra(Blue-Co(ll), Red- Ni(ll) complex)
Table-3 Electronic data of the metal complexes
M o
Compoud (CI’T’?T) Transitions B Bas | % OfPss | vofuy Geometry B“eMﬁ
12820 | “Ty(F) - *Tao(F)
16447 | “T1(F) - “Ax(F) it
1 22739 | “TofF) > “TagP) 48.4 | 0.049 95.1 1.28 octahedral 3.71
32258 CT
15625 | 3Axq(F) - *T2¢(F)
22220 | 3Ax(F) - *T1g(F) 4
2 25974 | *oo(F) - *T1(P) 87.9| 0.084 91.6 1.42 octahedral 2.69
32786 CT
3 15350| “Ey—o Ty - - - | Distorted octahedrgl 1.6

1-Co(ll) complex, 2-Ni(ll)complex, 3- Cu(ll) comple

259



S. N. Chaulia Der Pharma Chemica, 2016,8 (3):254-272

ESR Spectra

The room temperature solid state of the Cu(ll) spet(Graph-4) exhibits an axially symmetric g-temkaving g
value 2.23 and gvalue 2.04. As g> g.> 2.0023, the copper site has @b ground state[28]. The G is related to
O, 9. by the expression G=z,g2/ g.-2 and it is found to be 5.75 that indicates nelgleggexchange interaction
between the Cili centres in the solid state[29]. Thg, galue of the complex is calculated as 2.10 by gisire
relationgav = 1/3(gll + 2gL). The spin-orbit coupling constant is also calcuatey using the equation
gav =2(1-24/10dq) and it is found to be -769.2 ¢hThis value is found to be less than the free ialue(-
830 cm') that indicates overlapping of metal-ligand aatsif30]. The covalent bonding between metal ion and
orbitals of the ligand is also confirmed from thevglue, According to Kivelson and Neiman covaleohdling can
be predicted for a Cu(ll) complex with, galue less than 2.3[31]. Hence, distorted octadiegiometry may be
proposed for the Cu(ll) complex.

Filomme 518
DATE 2015038 115 ER-Ws SERES

Graph-4 ESR Spectrum of Cu(ll) complex

'H NMR spectra

The spectra of the ligand (Graph-5)and Zn(ll) camfGraph-6) are recorded in DMSQ@-sblvent. The'H NMR
spectrum of the ligand shows multiplet 3a5.75-8.08 ppm which may be assigned to aromatitops. A single
peak is observed &at12.38 ppm corresponds to phenolic(-OH) and —COQél td exchange between (-OH) and —
COOH protons. The peak observed 838 ppm confirms the presence of -(jfoup [32].
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Graph-5 *H NMR Spectrum of the ligand

The spectrum of Zn(ll) complex is compared with & dye ligand and it is observed that the peaktdu-OH
and -COOH group found in the the ligand was abgetite complex. This indicates deprotonation oH-@roup
and formation of metal-O bond [33] in accordancthulie data by reveled IR.
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Graph-6 'H NMR Spectrum of the Zn(ll) complex

'.'

The mass spectra of the ligand(Graph-7) and it$l\0@8¢aph-8) complexes are recorded to confirmrtinedlecular
mass and stoichiometric composition since masstispet the compounds provides vital information tbeir
structural elucidations. The spectrum of the ligahdws the molecular ion peak at m/z 366.3715 spording to
the molecular mass of [gH:¢N4Os]. The spectrum of the Co(ll) complex of the ligagides molecular ion peak at
m/z 661.2198 which confirms its proposed molectdamula as [CelCl,(H,O)s]
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Graph-8 Mass Spectrum of the Co(Il) complex

The XRD(powder pattern) study of the Cu(ll) comxpées given in Graph-9, Table- 4 and Ni(ll) compbiven in
Graph-10, is made to determine their crystal sysfEime X- ray powder diffraction diagram is collettiom the
X'Pert diffractometer and the recording conditiame 40 kv and 40 mA for Cukwith A= 1.542A between 2o

80" with a step

size of 0.0089
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Graph- 10 XRD Powder pattern of the Ni(ll) complex

Table-4 XRD data of the Cu(ll) complex at room temgrature

Slno | 260(degree) d FWHW(degree)| Intensity(cps degreg)
1 27.43(8) 3.249(9) 2.55(12) 12191(468)
2 31.99(3) 2.795(2) 1.68(4) 24430(356)
3 39.46(3) 2.2819(16 1.31(4) 15538(225)
4 49.89(7) 1.826(3) 2.02(12) 9822(347)
5 56.89(17) 1.617(4) 1.6(3) 2835(288)
6 68.01(19) 1.377(3) 2.4(3) 2957(334)

The XRD powder pattern is processed in X'pert higre software package. The search matching proeésiu
adopted for the PXRD pattern for the Cu(ll) compdexd revealed a match with a copper compound quoneing
JCPDS powder diffraction file with PDF No 18161&€Tpattern can be indexed to be a triclinic crysyatem with
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a=8, b=8.11,c=7.53;=99.18,3=99.52,y=100.23 ,lattice-primitive and space group ig®. Similarly, the search
matching procedure is repeated for Ni(ll) compleattprovided a match with a Nickel compound coroesiing
JCPDS powder diffraction file with PDF No 481769dathe pattern is indexed to be a cubical crystatesy
a=b=c=11.48, lattice- face centered and space gFrmgm(225).

Thermo gravimetric analysis

The Co(Il) complex is subjected to thermo gravinieestudy as a representative example to examireethiérmal
stability. The thermo gravimetric study of the Ni(Graph-11,12) complex as a representative menabehe
investigating complexes is carried out by the stamgdous TG,DTG and DSC techniques in the atmospbfere
nitrogen at a rate of 1@ per minute from the ambient temperature to 140Dhe TG /DTG curves show that the
complex suffers mass loss in a number of stagiee. complex loses a mass of 16.94 % at 83.# the first stage,
with a endothermic peak at @in the DSC curve. In the second stage, it suffiergass of 9.06 % at 3062 with

a endothermic peak at 23829 The complex compound loses a mass of 13.52 iritting stage at 408 and it
suffers a mass loss of 11.55% at 42%ith a endothermic peak at 707°C .The complex suffers a total mass of
71.56 % and its residual mass is 28.44% at 289%his study indicates thermal stability of the gex.
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Graph-12 DSC Graph of the Ni(ll) complex
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Fluorescence study

The fluorescence study of the ligand(Graph-13) @sdCu(ll) complex(Graph-14) are carried out todstithe
photoconductive nature of the investigated compsuartl the emission spectra of the compounds aen diere.
The ligand shows a emission maximum wavelength4& B8m but the Cu(ll) complex depicts the emission

maximum wavelength at 480 nm. The red shift ofithgvalue of the complexes may be due to the deprdtomat
of the (-OH) group and complexation. The fluoressemtensity of the complex is more than the ligahg to

complexation as it enhances conformational rigidityd non-radiative energy loss[34]. The emissiontha
complexes may be due to intraligamd- = * transition.These findings suggest that bothlifp@nd and its complex

are fluorescent in nature[35].
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Graph-13 Emission graph of the ligand
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Graph-14 Emission graph of the Cu(ll) complex

Scanning electron micrography

The surface morphology study of the Zn(ll) complexge no-1) of the ligand as a representative lafahplexes
is undertaken to evaluate its morphology and parsize. It is seen from the SEM image of the caxpls given in
image nol that the size of the particles is 500with the formation of single phase morphology.sltaiso noticed
that there is a uniform matrix of the synthesizethplex and the complex shows a flower like shaj¢ itidicates

that the complex is polycrystalline with nanosizgdin.

1/3/2016
1:01:57 P2hA

Image no-1 SEM image of Zn(ll) complex

Computational study
A computational study of the investigating compaosirid made to examine their reactivities and to el

geometrical parameters. Gauss view 4.1[36] and chafinsoftware[37] are used to draw the structuidse
structures of the ligand and its all metal comptexie optimised at B3LYP[38] level of theory usBy§11++G(d,p)
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basis set. 6-311++G(d,p) is a large basis sethwiniclude diffused and polarised wave functiondake in to
account the characteristics associated with iopiecies having heavy atoms like N. The harmonic Ueagy
calculation is also carried out at the same le¥agheory to ensure that the structures are truémanOptimised
was performed without any symmetry constraint usiregdefault convergence criteria provided in thiveare.

Conceptual DFT defines chemical potential p aditbederivative of energy with respect to numbgelectrons
M= (:—f’)ﬂ(r) where E= energy, N= number of electrons of theesysit constant external pressti(e).

and chemical hardness n as the half of the secendative of energy with respect to number of efecs$, so
chemical hardness will the first derivative of emewith respect to number of electrons

n=:()ow

But chemical potential(n) and chemical hardness{ré also calculated in most cases in terms iooisati
potential(IP) and electron affinity(EA) and thenefo

= =(55) ana = (755

According Koopman’'s theorem, IP and EA are related energies of the Highest occupied molecular

orbita(Enomo) and Lowest occupied molecular orbiElyvo) in this way-IP = — EHOMO and EA =
—ELUMO

= (—ELUMO;EHOMO) and n = (—ELUMOJ;EHOMO) and Parr and coworkers proposed electrophilicél[8s a

measure of electrophilic power of a compound tleetebphilicity can be represented as

w=**

2n
The chemical potential(u) and chemical hardness¢igctrophilicity and dipole moment of the ligandda
complexes are given in the table-6. The reactiotythe ligand and its metal complexes can be ptedidy
considering the minimum electrophilicity principlAccording to minimum electrophilicity principle ompound
having minimum electrophilicity will have maximuntability. The chemical potential(i), chemical hazds(n),
electrophilicity(l) were calculated from the HOMO and LUMO value o tigand(Fig-1,2) and its complexes(Fig-
3-10) and presented in the table-5.The Co(ll), INghd Cu(ll) complexes are more reactive thanlitiend and the
order of reactivity of the complexes is [{L&I,(H,0)g] > [Ni>LCl»(H,0)s] > CwLCI,(H,0),] > [Zn,LCly(H,0),].

Table-5 Global Reactive indices and dipole moment the investigated compounds

compound HOMO LUMO n(ev) p(ev) w u(D)

LHs -0.2013Z | 0.(C6621 | 0.1€37 | -0.1178 | 0.C37 5.531¢
[Co,LClx(HO)] | -0.18385 | 0.02051| 0.102f -0.1633 0.130  15.1837
[NioLClo(H,0)] | -0.22991| -0.05716 0.0868 -0.1435 0.119  23.6884
[CuLCIx(H,O)g] | -0.25916| -0.0019Z 0.1286 -0.1305 0.066  26.4845
[Zn,LCl(H,0),] | -0.04696 | -0.04296] 0.0448 -0.0021 0.00005 16.318
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Fig-1 HOMO of ligand Fig-2 LUMO of ligand

Fig-7 HOMO of Cu(ll) comp Fig-8 LUMO of Cu(ll) comp

Fig-9 HOMO of Znll) comp Fig-10 LUMO of Zn(ll) c omp

The geometrical parameters of the investigatingpmumds were also collected from their optimisedngetoy and
presented in the table no-6. It is seen from tietéhat the bond angles around the metal ion §& ad Co(ll),
Ni(ll) and Cu(ll) complexes are close to°%nd in case of Zn(ll) it is close to 0T herefore, distorted octahedral
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geometry for Co(ll), Ni(ll) and Cu(ll) complexesdnistorted tetrahedral geometry may be suggesteithé Zn(ll)
complex.

Table-6 Selected bond length and bond angle

compound Bond length(A) Bond angle})
N(16)N(15) | N(16)-C(17) | O(24-C(23 | C(19-0(29) | N(16)}M(28)0(32) | N(16)M(28)-0(27) | O(32-M(28)-CI(30)
1 1.234 1.442 1.233 1.358 - - -
2 1.352 1.446 1.410 1.213 89.91 83.277 82.276
3 1.307 1.429 1.407 1.215 88.56 91.234 84.839
4 1.375 1.321 1.315 1.225 97.660 84.309 101.438

1.LHs, 2.[Co,LCly(H20)g], 3.[CuzLClx(H20)e], 4. [ZnzLClz(H20)]

Non-linear optical properties

The electronic properties of chemical compoundsratated to their non-linear optical activities.siaelectron
transition between molecular orbitals is the basguirement for good nonlinear optical materiaissIseen from
the Table-5 that all metal complexes have highpoldimoment than the free ligand. The energy gayden the
HOMO and LUMO of the ligand is found to be highéram the complexes. All these findings indicate that
complexes have better nonlinear optical propedigsthan the free organic ligand. The Zn(ll) complell be the
good nonlinear optical material due to small eneygy between its HOMO and LUMO.

Biological study

DNA binding study

Gel electrophoresis

The interaction between complex and metal compléxedso studied by gel electrophoresis as giveimege-2.
The electrophoresis study shows that intensityhef DNA-complex bands are less than the DNA cordral the
intensity decreases in the order of {081,(H,0)e]> [Ni,LCIl,(H,O)]> [Cu,LClx(H,O)s]. Due to the intercalation
of the metal complexes in to the DNA base paittgrisity decreases

Image-2 From left 1. DNA control 2. Cu(ll) ,3.Ni(ll), 4.Co(ll) complexes

Viscosity measurement test

All the metal complexes are subjected to viscosiasurement study to confirm the DNA binding ale#itof the
metal complexes with the CT DNA. The increase iscusity of DNA occurs when the complexes interealat
between the base pairs due to extension in the[#g]i The effects of all the synthesized compleresthe
viscosity of DNA are shown in the graph-15. Thepdrahows that viscosity of DNA increases with isge in the
concentration of complexes and the order of inaea$ viscosity is Cg.Cly(H,O)]> [NioLCly(H,O)e]>
[CusLCl5(H20)g] >[ZNn;LClo(H20),]
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Graph-15 Viscosity measurement Series-1-Zn(ll), 2u(ll),3- Ni(ll),4-Co(ll)

Antibacterial study

All the test compounds are screened against the-gasitive and gram negative bacteria(Table-7, B+5§). The
ligand and some complexes have moderate effech@mriowth of the microorganism. The complexes hawvee
antibacterial abilities than the free ligand an@ thnhanced ability of the complexes may be expihibg
considering overtone’s concept and chelation thg4y,

Table-7 Antibacterial screening of the ligand andts complexes

comp concentratior] E. coli | S. aureug

1.LHs 500 pg/ml 10 12
2.[CalLCl4(H20)12] 500 pg/ml 12 13
3.[NisLCla(H20)] 500 pg/ml 12 14
4.[CwlLCly(H20)17] 500 pg/ml 15 14
5.[ZnyLCl4(H20)d] 500 pg/ml 12 11
6.Tetracycline 500 pg/ml 30 30

16 O {7} e

14

1 MWSeriesl
M Series2
T T T T T T T T
2 3 4 5 & 7 B o

Graph- 16 Antibacterial screening of the ligand andts complexes
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CONCLUSION

The newly synthesized ligand is suggested to ketradentate ligand and its Co(ll), Ni(ll) ,Cu(llproplexes are
proposed to have distorted octahedral and Zn(l$) tetrahedral geometry on the basis of analyt&méctral and
computational study. The photoluminense study Heviwat both ligand and its complexes are founghdssess
photo conducting properties The computational stimdijcated more reactivity of the metal complexkant the
ligand except Zn(ll) complex. The investigating qmunds are found to have DNA binding abilities gdential
antibacterial properties.
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