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ABSTRACT

Metal complexes of Co(ll), Ni(ll), Cu(ll) and Zn(llwith azo dye 4,4-bis(2’-hydroxy-3’-carboxy-5'-
sulphophenylazo)diphenylsulphone derived frém'-diaminodiphenylsulphone and 5-sulphosalicydicid have
been synthesised. The ligand and complexes hawvechaeacterised by analytical, conductance, spéctreagnetic
susceptibility, thermal, X- ray diffraction pattersurface morphological and computational studye Tiband LH
is a hexadentate chelating ligand as indicated fitbm physicochemical studies and spectral data.Speetral and
analytical data also reveal distorted octahedrabgeetry for the Co(ll), Ni(ll) and Cu(ll) complexaad distorted
tetrahedral geometry for the Zn(ll) complex. Therthal study depicts thermal stability of the compkeand the
XRD(powder pattern) study of the Cu(ll) complexidates cubical crystal system. The synthesised contgs can
also as act photoactive material as suggested tl@rfluorescence studies and the SEM image protidesurface
morphology of the Zn(ll) complex. The biologicaldst of the azo compounds indicates the metal contsoare
more active than the ligand against the pathogdicteria and metal complexes have more DNA bindutiyity
than the ligand. The computational study of tharidj and its metal complexes have been made thio&dhtheory
to look in to their reactivity’s and geometricalaaneters.

Keywords: chelating ligand, fluorescence studies, SEM im&i¢A binding

INTRODUCTION

The study of azo dyes and their metal complexes blean of much interest in recent years due to #pglication

in various fields such as textile dyes[1], acidéband red ox indicators[2] and metalochromic retsjadh
biomedical studies and potential drugs[4,5] andhh@chnology area such as laser and electro-opt@mates[6,7].
Azo compounds are also involved in a number ofdgjal reactions like antibacterial, antifungal, PXinding
activity, protein synthesis [8]. The Azo compourdisrived from 4,4’-diaminodiphenylsulphone and itetah
complexes is reported to have biological activify[fthat prompted me to prepare azodye from 4,4'-
diaminodiphenylsulphone and 5-sulphosalicylic adtd metal complexes, to characterise them byouarphysico-
chemical and spectra techniques and to evaluaitebiibéogical activities.

EXPERIMENTAL SECTION

All chemicals used are analytical grade procurednfrHigh-media and doubly distilled water was usedalil
experiments. Elemental analysis of the ligand amthgdexes is carried out by Perkin —Elmer elemeatellyser,
cobalt, nickel, copper contents is determined brskiRe-EImer2380 atomic absorption spectroscopy emdride
contents is estimated by standard procedure, Systconductivity bridge 30 is used to measure motarductance
of the complexes, Magnetic susceptibility of thenpdexes is measured by Gutyalance using Hg[Co(NCg)as a
calibrant at room temperature and diamagnetic ctore have been made by pascal’'s constants, IRrspetthe
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ligand and metal complexes are recorded on a usBrgpellets by perkin elmer FT- IR spectrometerhivitthe
range 4000- 450 cm UV-Visible spectra of the complexes are collectsing a THERMO SPECTRONIC 6
HEXIOS o and fluorescence spectra are recorded in a Fleemes spectrometeéid NMR spectra of the ligand and
the Zn(ll) complex are obtained from Bruker AV H00 MHZ FT NMR spectrometer using TMS as referei®R
spectrum of the Cu(ll) complex is recorded on JBAS2B0 ESR spectrometer , mass spectra of the ligadits
complexes are recorded through JEOL GC Mate GOMdASs Spectrometer, thermal study of the metal cexnisl
done by NETZSCH STA 449 F3 JUPITOR, SEM image & tomplexes are taken in JES FA 200, the XRD
powder pattern of the Cu(ll) complex is collectesihg a Philips X'Pert Pro diffractometer.

In order to get the better picture about reactigityl geometrical parameters, computational stfidyeoligand and
the metal complexes are performed by Gaussian fd8ae package[10].The molecular geometry of tgarid and
its complexex are fully optimised using B3LYP[1&)&l of theory along with 6-331G(d,p) basis sdte B3LYP
provides better results than the Hartree-Fock nietimal reproduce better geometrical parameters aalgato the
experimental values.

The DNA binding study of the azo compounds is mageGel electrophoresis[12] method. 10 pL of the ahet
complexes are taken along with 15 pL of CT DNA soludissolved in Tris-EDTA in centrifuge tubes.éltubes
are incubated at 3C for 1 hour. After incubation, the tubes contaimduson are kept in a refrigerator at@for
few minutes, 5 pL gel loading buffer with trackirdye (0.25% bromo phenol) is taken in the tubes for
electrophoresis. The electrophoresis is continueden constant voltage (50 V) and photographed urhéér
illumination.

Hydrodynamic volume change[]13] is observed by @Gdédviviscometer immersed in a thermostatic bath taaiad
at 37C . A digital stopwatch is used to measure the ftome, mixing of complexes under investigation with-
DNA is carried out by bubbling nitrogen. Data anesented by plotting a graph indicating/np)® verses
[complex]/[DNA] wheren is the viscosity of DNA in presence of complexad gy 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[14]
against theEscherichia coli(MTCC-40)andStaphylococcus aureTCC-87)using agar nutrient as the medium
by the cup plate method[14]. The investigated ltgand its complexes are dissolved in DMF. The Isged agar
plates are swabbed with the bacteria culture dladl fivith test solutions, then incubated at°87for 24 hours. The
activity is evaluated by measuring the zone ofbitlun with respect to the standard drug Tetracyli

Synthesis of the ligand

The ligand LB was prepared by the coupling reaction betweenligmeonium salt solution and the alkaline solution
of 5-sulpho salicylic acid. The diazonium salt $win was made by dissolving 4, 4’-diaminodiphenylphone(0.01
mol,1.98 g) in hydrochloric acid at O, solution and sodium nitrite . This solutionsahen added to the ice
cooled alkaline solution of of 5-sulpho salicydicid(0.02mol,4.36 g) with stirring. The red coladiigzo compound
was collected by vacuum filtration, recrystalligemim ethanol and dried in vacuum[Reaction scheme-1]
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The metal chlorides in ethanol were mixed with ERdF solution of the ligand in 4:1 molar ratio seg@ly and the
resulting solutions were refluxed for one hour @06 The refluxed solutions were allowed to cool andaentrated
Ammonia solution was added drop by drop till thenfation of precipitates. The precipitates of azotaine
complexes [Fig-1, Fig-2] were collected by filtati washed with ethanol and dried in vacuum [Reac8cheme-
2].

Reflux, 1 hourga® C
4AMCl, + LH, NH.OH - [M 4LCIl4(H>0)44] + ANH,CI

M= Co(ll), Ni(ll) and Cu(ll)

Reflux, 1 hourgo® C
4M/Cl, + LH, - [M/4LCIl4(H,0),4] +  4ANH,CI
NH,OH

M’= zZn(I1)

Reaction Scheme-2
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Fig-1. Figure of Zn(ll) complex
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Fig-2. Figure of Co(Il) complex
RESULTS AND DISCUSSION

Elemental analysis and conductance measurement

The analytical and physical properties of the Age dnd its complexes are presented in Table-1 wdniehin good
agreement with calculated values. The molar corheet of the complexes withx110™3 M DMSO solution are
found to be in the range of 9.1-12.5 ofen’mol™ indicating non-electrolytic nature[15] . All compnds are
insoluble in ethanol, methanol, acetone, ethegrofbrm but soluble in DMF and DMSO.

Table-1 Analytical data
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Compound Colour Yield(%) ’Eﬂg M C % Eound(cillcd) a S
! purple e 68 @ris)| esn| aoy| - | asen
2 red 58 | >300 (giig) (gigé) éié% (j:g%) (igﬁgi) (;:Llé)
3 Light red 54 | >300 (gggl (gicl)(ls) (%2) (i:gg) &8133) (;j,g)
4 green 62 | >300 (ig:%) (32132) (gigi) (i:gg) (ig.'?go (;:gg)
5 Lightpink | 65 | >300 é;:gg) (gg:ﬁ) (igg) (3232) 1121.533) (22(1)3)

1.LH,, 2[CO4LC| 4(H20)12], 3[N|4LC| 4(H20)12], 4[CU4LC| 4(H20)12], [Zn 4LC| 4(H20)4]

IR spectraand mode of bonding

The IR spectrum (Graph-1) of the ligand was conghavih the spectra of metal complexes (Graph-2,18-2p in
order to examine the mode of bonding between ligardlcomplexes. The IR spectrum of the ligand sheowsbad
band at 3459 cth which is missing from the spectra of the metal ptexes that indicates deprotonation of
phenolic(-OH} and bonding metal atom with oxygeormtof the —OH group. The C-O frequency vibratiomda
observed at 1438 chin ligand is shifted to ~1406 ¢hin complexes confirming[16] bonding of metal with
oxygen atom of —OH group. Two bands appears at 48831625 ci corresponding t0sym andvasym respectively
in the spectrum of the ligand which are observedl1®07 crit and ~1599 cih due t0Lsym andvasym that indicates
monodentate nature of carbxylate group[17] anahdbw of carboxylic oxygen with metal atoms. A bapbears
at 1588crit corresponds to —N=N- group in the ligand is sHifte ~ 1470 cnl that suggests bonding of azo
nitrogen with the metal atom[18]. The presence adrdinated water in metal complexes is confirmefild® the
stretching band at ~3262-3551 ¢mocking band at ~ 837 ¢hrand twisting band at ~732 &mnThe vibrational
frequencies of M-O and M-N bonds which appear5#t9-cm' and ~ 470 ci respectively confirm the bonding
between metal ions with the ligand through phenoliggen and azo nitrogen atoms[20]. The IR datayssigthat
the ligand is bonded with the metal ions througio mitrogen and phenolic oxygen and carboxylic @xyg

1.60,

1.5 sS1
Graph-1 IR Spectrum of the ligand
Table-2 IR data of the ligand and complexes
Compound | v(C-O) cm* | v(N=N) cm* D(COQL)SV"‘ U(COO,;)HSV"‘ D(M_,Cl) ) U(M_,'Il)
cm cm cm cm

1 1438 1588 1270 1625 - -
2 1403 1470 1307 1599 519 470
3 1405 1472 1304 1598 518 474
4 1406 1476 1306 1597 517 472
5 1402 1475 1306 1599 518 470
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Graph-2 IR Spectrum of the Co(ll) complex

1.LH,, 2[CO4LC| 4(H20)12], 3[N|4LC| 4(H20)12], 4[CU4LC| 4(H20)12], [Zn 4LC| 4(H20)4]

Electronic spectra and magnetic measurement

The electronic spectral and magnetic moment meammedata(Table-3) are used to confirm the geonwdtthe
complexes as synthesis of single crystals of theptexes has been failed. The electronic spectrur€afil)
complex(1) exhibits four bands at 10500, 16200 &@d50 crit assignable tdTiF) - “Too(F)( v1), “TafF) -
“Aof(F)(v2), “T1(F) = “Toi(P)(vs) transitions which are characteristic of octahedeimetry[21]. The fourth band is
a CT band and the electronic parameters such aB,Jqp,/v; and %o are calculated by usirigllowing equations
and given in the table-

Dq =V —v1/10

B =vy +v3- 3\’1/15

Bss =B/ 971

% of Bas=( 1- B35)x100

200 400 600 800 1000

-0.1

-0.2

Graph-3 Electronic Spectrum of Ni(ll) complex

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

! corresponding t0A((F) = *Toi(F), *Ax(F) = *T1(F), *Ax(F) - *T1(P) transitions, these suggests octahedral
geometry for the Ni(ll) complex[22]. The fourth lthis a CT band and parameters like DgBBy./u; and % P35

are calculated by usirigllowing equations

Dq = V1/10
B =vy +v3z- 3\’1/15
Bas = B/1041

% of Bas=( 1- B35)x100
The Racah parameter (B) of the Co(ll) and Ni(llymdexes are found to be less than the free ionegahAnd

Nephelauxeticfiss) parameter for both the complexes is less than Alh¢hese observations suggest that the metal
ligand bonds in the complexes are covalent in eatur

246



S. N. Chaulia J. Chem. Pharm. Res,, 2016, 8(2):242-258

The spectrum of Cu(ll) complex(Graph-4) shows ab@fds at 32467 cfrand 19607 ci and one d-d transitions
band at 15384 cwhich may be assigned %Eg - }rzg transition supporting a distorted octahedral gamfition
for the complex[23, 24].

o5 O > =1
o.s .',"'.
o A \ p\.
o.=
= I \_/ "‘ =]
- | \,
o1 I \—
o
d =00 aoo S00 s00 1 oion

Graph-4 Electronic Spectrum of Cu(ll) complex

The magnetic moment of the Co(ll), Ni(ll) and Cy(tiomplexes are found to be 1.97 B.M. ,1.59 B.M] &r09
B.M. respectively in place for the theoretical valf 3.87 for Co(ll), 2.97 Ni(ll) and 1.87 for Cl)(komplex. The
sub-normal magnetic moment values is due tofamdmagnetism which may arise due to mutual pgir
electron spins through super-exchange in a dimstriccture(M-O-M) or metal-metal interactions[25Thel Zn(11)
complex is found to be diamagnetic, hence tetrati@giometry is suggested from the analytical angnatic data.

Table-3 Electronic parameters and Magnetic moment ata

Amax it B ﬁ35
(cm‘l) Transitions em® | entt

l-leff

vo/o; | B° | Geometry )

compound

8500 | “Ti4(F) = “Tag(F)
16200 | “T14(F) = “Axy(F)
20450 | “Ty(F) - “Too(P) 1.90
31250 CT band 780\ 772 22.8

12820 | *Azy(F) = ToF)

16129 | *AgfF)— TofF) | 27 | 024 | % | 976
22727 | 3Axy(F) = *Ti(P)
32786 CT band
15384 Eyo Ty i

3 19607 CT band - - - - oDcliatﬁgsgal 0.99
32467 CT band

octahedral 1.97

octahedral 1.59

1.[Co/LCl 4(H,0)12), 2.[NigLCl 4(H0)12], 3.[CusLCl 4(H20)17]

'"H NMR spectra

The spectra of the ligand(Graph-5) and Zn(Il)(Grépltomplex were recorded in DMSQ-sblvent. ThéH NMR
spectrum of the ligand shows multiplet 6a6.24-8.49 ppm which may be assigned to aromatitops. The peak at
d 9.86 ppm corresponds to phenolic — OH group or ©8@s a single peak is observed due to exchangmtiins
between neighbouring —OH and —COOH groups[26].

S—d...... Sathyanarayararn
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Graph-5 *H NMR spectra of the ligand
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Graph-6 *H NMR spectrum of the Zn(ll) complex

The spectrum of Zn(Il) complex( was compared with 8zo dye ligand and it is observed that the pleakto —OH
and -COOH groups found in the ligand was absenthéncomplex. This indicates deprotonation of —Qtdl a
COOH groups and formation of metal-O bond[27] in@dance with the data revealed by IR.

ESR spectrum

The esr spectrum(Graph-7) of the powdered Cu(ligmlex is recorded at X band at room temperatui@stertain
the stereochemistry of the Cu(ll) complex. The pmpcomplex exhibits the;g and g value as 2.11 and 2.03
respectively and ;g > g. > 2.0023 these values indicate that the grourié s$ad..,, and Cu(ll) complex has an
tetragonal geometry[28], the electronic spectrabdz Cu(ll) also supports this findings. Theabxdymmetric

parameter (G) is calculated as 3.6 by using theatdinru(;:ég{j which indicates considerable exchange

interaction in the solid complexes since the vahkidess than four[29].The g, value is found to be 2.05 by
following theequation gav = 1/3(gll + 2gL) and the spin-orbit coupling constan (s determined by
using the equatiggav = 2(1 — 24/10dq). The value of. for the Cu(ll) complex is found to be -384.6 whis
less than the free ion value(-830 HmThis lowering of A value from the free ion value indicates overlagpof
the orbitals of metal and ligand[30]. As the vatiey, is < 2.3, the bonding between metal ligand is lpurevalent
as suggested by Kivelson and Neiman[31].The Cu@hplex is suggested to be a distorted octahedraplex
based on its analytical, IR, electronic and ESRstu
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Graph-7 ESR spectrum of the Cu(ll) complex
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MASS spectra

The mass spectra of the ligand(Graph-8) and itH)Niomplex(Graph-9) are recorded at room tempeeatnd
spectra are used to compare their stoichiometrmoposition. The ligand(§H1gN40.4S; with molecular mass
706.63) shows a molecular ion peak at m/z 706.689 avhich indicates the molecular mass of thenlibais in

good agreement with the calculated molecular mégfe ligand from its proposed structure and otheaks
appeared at m/z 674.15, 631.55, 489.64, 471.925434c in the spectrum can be attributed to hgnientation of
the ligand molecule. A peak is observed at m/z32@mu in the spectrum of Ni(ll) complex which esponds to
the stoichiometric composition of [MiCl4(H,0),5], other peaks are also observed at different jpositue to

rupture of bonds of the Ni(ii) complex.

3
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Graph-8 Mass spectra of the ligand
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Graph-9 Mass spectrum of the Co(ll) complex

Thermal study

The thermo gravimetric study of the Ni(ll)(Graph;10) complex as a representative member of thestigating
complexes is carried out by the simultaneous TG,R@ DSC techniques in the atmosphere of nitrogenrate

of 10°C per minute from the ambient temperature to 140Dhe TG /DTG curves show that the complex suffers
mass loss in a number of stages. The complex lasmsss of 18.77 % at 118.%7 in the first stage, with a
endothermic peak at 129.6 in the DSC curve. Inséeond stage , it suffers a mass of 14.58 % af@1Bith a
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endothermic peak at 402. The complex compound lasesass of 11.24% in the third stage at°€74with a
endothermic peak 495.6. In the subsequent stadeset amass of 12.43 % and 1.48 % at at 580abid 893.4C
therefore,it is supported by a endothermic peak3t.9. The complex suffers a total mass of 61.5@r# its
residsual mass is 38.45 up to 1400This study indicates thermal stability of the qdex.
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)
\ { Mass Change: -1.48 %
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Graph-10 TG/ DTG Graph of the Ni(ll) complex
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Graph-11 DSC Graph of the Ni(ll) comlex

Fluorescence study

The photoluminescence properties of the ligand imdomplex are studied at room temperature in rotddind
their potential applications. The emission spect{@maph-12) of the ligand shows a maximum at 390amuh the
Ni(Il) complex(Graph-13) shows a maximum at 400. Athe emission intensity of the complex is foundbt®
higher than the ligand and the enhanced intensdy be attributed to coordination thus increasing tigidity
thereby reducing energy loss by thermal vibratibime increase intensity of the metal complex mag aks due to

metal to ligand charge transfer[32]. The fluorescs#ndy suggests that both the ligand and its cergsl can be
used as making photo conducting materials [33].
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Graph-12 Emission spectra of the ligand

Graph-13 Emission spectra of Ni(Il) complex

XRD study

The XRD(powder pattern) study of the Cu(ll) conx§eraph-14) Table-4and is made to determine iystat
system and particle size. The X- ray powder ditfacdiagram is collected from the X'Pert diffranteter and the
recorcgng conditions are 40 kv and 40 mA for GuWith A= 1.542A between 20to 8¢ with a step size of
0.0089.

The XRD powder pattern is processed in X'pert haglore software package. The search matching prozesiu
adopted for the PXRD pattern package and reveatedteh with a copper compound corresponding JCRiY&ler
diffraction file with PDF No 700660 . The patterancbe indexed to be a ANORTHIC crystal system waitB.188,
b=8.778,c=7.21%=93", p=96.50 ,lattice-primitive and space group i@p
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Table-4 XRD data of the Cu(ll) complex at room temgrature

SIno | 26(degree) D FWHW(degree) | Intensity(cps degree)
1 21.98(7) 4.041(12) 2.1(3) 3169(1003)
2 25.72(2) 3.461(3) 0.249(18) 731(68)

3 31.241913) | 2.8607(12 0.63(3) 18557(787)
4 31.889(8) 2.8040(7) 0.709((13) 21446(860)
5 33.53(7) 2.671(5) 0.93(17) 3774(832)
6 35.40(4) 2.534(3) 0.74(6) 3193(244)
7 39.351(15) 2.2878((9 0.716(7) 22442(310)
8 42.11(7) 2.144(3) 0.54(9) 2469(245)
9 43.96(9) 2.058(4) 0.58(8) 768(141)
10 45.92(3) 1.9747(12 0.60(9) 1298(130)
11 49.727(18) 1.8320(6 0.88(3) 11933(287)
12 52.13(4) 1.7529(14 0.76(8) 2253(256)
13 53.12(7) 1.7227(2) 0.276(14) 2920(156)
14 57.05(4) 1.6130(10 0.92(3) 3663(143)
15 59(5) 1.5643(11 0.68(4) 1850(94)
16 68.28(8) 1.3725(15 2.3(3) 4243(368)

Surface morphology study

The surface morphology study of the Zn(Il) compbéxhe ligand as a representative of all complésesdertaken
to evaluate its morphology and particle size. Iséen from the SEM image of the complex that the sif the
particles is 10 pm with the formation single phas®phology.

1/8/2016 HY mag WD det | mode
12:26:32 PM [30.00 kW | S 000 x| 9.9 mm | ETD SE

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

252



S. N. Chaulia J. Chem. Pharm. Res,, 2016, 8(2):242-258

Computational study

The structures of the ligand and all metal comperee optimised at B3LYP[]34] level of theory usifg
311++G(d,p) basis set. Gauss view 4.1[35] and chaftfiB6] are used to draw the structures. 6-311€®( is a
large basis set which include diffused and poldriseave functions to take in to account the charatts
associated with ionic species having heavy atokesNi. The harmonic frequency calculation was akswied out at
the same level of theory to ensure that the strastare true minima. Optimised was performed withey
symmetry constraint using the default covergeniter@ provided in the software

The reactive descriptors such as chemical potehi@atiness and electrophilicity along with geoinatmparameters
of the ligand and its metal complexes are compirtextder to know the reactivity and structuretlwf compounds
theoretically.

Conceptual DFT defines chemical potential p aditbederivative of energy with respect to numbéelectrons
u:(dE/dN)v(r)

where E= energy, N= number of electrons of theesysit constant external pressure V(r)

chemical hardness n as the half of the second ates@vof energy with respect to number of electr@oschemical
hardness will the first derivative of energy widspect to number of electrons

n=1/2(dE/dN),q

But chemical potential(u) and chemical hardness{r§ also calculated in most cases in terms iopbisati
potential(IP) and electron affinity(EA) and thenafo

p=-(IP+EA)/2 and n= (IP-EA/2)

According Koopman'’s theorem, IP and EA are relatednergies of the Highest occupied molecular al(itomo)
and Lowest occupied molecular orb{iglymo ) in this way, IP=-FEouwo and EA= Eywo

n= Exomo - ELumo/2 and p = Biomo + ELumo/2

and Parr and coworkers proposed electrophilicity[8F a measure of electrophilic power of a compothel
electrophilicity can be represented as

w = p%2n

The dipole moment(n) and global reactive descriptfrthe ligand and its metal complexes are caedldrom
their HOMO and LUMO values and summarised (TableTdle data shows that the electrophilicity valuethef
complexes are more than the free ligand theretoeecbmplexes are more reactive than the ligandoriing to
minimum electrophilicity principle ,lesser is théeerophilicity of a compound, more will be its ity so the
order of reactivity of the complexes are JCGl4(H>0)15] >[Zn4LCl4(H,0)4]> NigLCl4(H20)15]> [CosLCl4(H20)15]

Fig-3 (HOMO of Ligand) Fig-4 (LUMO of Ligand)
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Fig-5 (HOMO of Co(ll) complex Fig6(LUMO of Co(ll) complex

Fig-7 (HOMO of Ni(Il) complex Fig 8(LUMO of Ni(ll) complex)

Fig-9 (HOMO of Cu(ll) complex)

Fig- 10(HOMO of Zn(ll) complex Fg-11 (LUMO of Zn(ll) complex)

Fig-13 Optimised geometry of Cu(ll) complex
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Fig-14 Optimised geometry of Ni(ll) complex

Table-4 Global Reactive indices and dipole momentf ¢the investigated compounds

compound HOMO LUMO n(ev) uev) w u(D)
LH, -0.35865 | 0.01262] 0.1856 -0.1730 0.0806 7.7752
[CosLCly(H,0)15] | -0.10461 | -0.04461] 0.03| -0.0746 0.0927 46.8%86
[NisLCly(H,O)1;] | -0.28802| -0.06599 0.111 0.1767 0.140 27.1316
[CusLCly(H0)i7] | -0.21887| -0.09067 0.064 0.1547  0.187  26.4845
[ZnsLCly(H-O)s | -0.39813 | -0.06604| 0.166 -0.2330 0.162  6.3383

Table-5 Selected bond length and bond angle

Bond length(A) Bond anglef)
compound | N(16)- N(17)- 0@31)- N(16)- N(16)-M(48)- N(16)-M(48)- N(16)-M(48)-
N(17) C(18) C(29) M(48) 0(31) 0(55) CI(53)
1 1.225 1.454 1.364 - - - -
2 1.246 1.417 1.282 1.952 94.513 88.565 92.774
3 1.243 1.438 1.281 1.976 102.754 92.239 94.839
4 1.254 1.403 1.314 2.034 95.708 110.284 98.964

1.LH,, 2[N|4LC| 4(H20)12], 3.[CU4LC|4(H20)12], 4, [Zn4LC|4(H20)4]

Nonlinear optical properties

The electronic properties of chemical compoundsratated to their non-linear optical activities.slaelectron
transition between molecular orbitals is the basguirement for good nonlinear optical materialdsIseen from
the Table that all metal complexes except Zn(llinpkex have higher dipole moment than the free ligarhe
energy gap between the HOMO and LUMO of the ligémdound to be higher than the complexes. All these
findings indicate that complexes have better n@alinproperties[38] than the free organic ligande To(ll)
complex will be the good nonlinear optical matedaé to small energy gap

Biological activity study
DNA binding Test
Viscosity Measurement

Viscosity measurement(Graph-15) of the DNA and sestitions consisting of DNA and metal complexemade
in order to confirm the interaction between commtsuand DNA. The increase in viscosity of DNA occwien the
complexes intercalate between the base pairs degtémsion in the helix[39]. The effects of all thgnthesised
complexes on the viscocity of DNA are shown in gingph-. The graph shows that viscosity of DNA iases with
increase in the concentration of complexes and dtger of increase of viscosity is [EUCl; (HxO).>
[ZNn4LCl4(H20)4]> [CosLCl4(H20)12> [NiyLCly(H20)1].
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Graph-15 [Series-4-Cu(ll) complex+DNA,3- Zn(ll) conplex, 2- Co(ll) complex and 1- Ni(ll) complex]

Gel electrophoresis

The interaction between complex and metal compléxedso studied by gel electrophoresis. The elptioresis

study shows that intensity of the DNA-complex bands less than the DNA control and the intensityrel@ses in
the order of [CyLCl4(H,0)10> [NI4LCl4(H20)12> [CosLCl4(H,0)12)( lane 2- Co(ll) complex, lane 3 — Ni(ll)
complex, lane 4- Cu(ll) complex and lane 1- DNA CTROL . Due to the intercalation of the metal coexgls in

to the DNA base pairs, intensity decreases.

1 2 3 4

Graph-[From left 1-DNA CONTROL,2-Co(ll),3- Ni(ll) a nd 4-Cu(ll)

Antibacterial study

All the test compounds are screened(tabled-6) ag#ie gram positivé. aureusand gram negative bacterial
coli. The ligand and its complexes have moderate effiedhe growth of the microorganism. The complexage
potent antibacterial properties than the ligand #red order of the activity is given in the graptheTenhanced
antibacterial activities of the complexes can bplared by taking in to account chelation and aweets concept.
According to chelation theory, the polarity of timetal ions is reduced due to the overlapping @frldyorbitals with
the metal ions [40]. The lipophilicity of the compks is also enhanced due to delocalisation of thiectrons of
the ligand over the entire chelate ring. The lipbptsubstances can easily enter in to the micranigms by
penetrating through the cell membrane accordiraystone’s concept and inhibits the growth of micganisms.

Table-6 Antibacterial Screening of the title compouads

compound concentration | E. coli | S. aureus
1.LH, 500 pg/ml 10 12
2.[CaLCly(H20)17] 500 pg/ml 12 14
3.[NisLCl4(H20)7] 500 pg/ml 13 14
4.[CwLCl4(H20):7] 500 pg/ml 14 16
5.[ZnLCl4(H20)4] 500 pg/ml 14 12
6. Tetracycline 500 pg/ml 30 30
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CONCLUSION

The ligand acted as a hexa dentate ligand aitomted with the metal atoms through OON-NOO datoms.
On the basis of analytical and spectral data andpwational study distorted octahedral geometrytfier Co(ll),
Ni(Il), Cu(ll) and distorted tetrahedral geometiyr Zn(ll) was proposed. Thermal study of the metiplex
indicates thermal stability of the complexes, thaoifescence studies reveals that both ligand asdmigtal
complexes have fluorescent properties and can & fos making photo conducting materials. The Ildyamnd its
complexes are known to have antibacterial propedied DNA binding abilities as indicated from thieiological
studies.
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