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Nonlinear Optical (NLO) Properties of Borazine
Theorv method

using Density Functional

Vinayak P. Deshmukh
Shri S iddheshwar Mah aidyalay a, Maj algaon Dist. B eed (M S )

Abstr*ct;

In this worh density functional theory (DrT) and finite field {Fr} npproach has been ndnpred ro
snrly nonlinenr opticol (NL0) propertics of borazinc. thc ge,ometicn,l parametco nod mt.g
properties oblained ar BJLYP/6-31l+*G** lerel o{ theory. For the calculatrons ol firsl (S] agd
second (t) hvperpolarizabilities, the finite field appraach hac been used. The geometrical
parameters and vibratiorral frequencres tirr borazine at thrs level of theory *re in excgllent
agreenrent wrth the ur,arlable experimenlul determrrurtrons. Systematiu uhaugtx; in the p and y
values nre obtoined.

Keywordsr Borazine. DHT, Finire tietd approech. NLO propertim

+corrcsponcling author: vinnvak Dcslunukh (Emnil id:dr,innralcfl,i gnrsil.conr)

IntrorNuction:

Non[ine*r optics refors to auy light-induced change in the opticalproperties of a material.
Its dortLuilt cllc()tlllJassel tltose pltertorrrerru for rvhic.h electric urr.l nraguetic urterrsitics ollrigher
pow.ers than the first plav a dominant rnle? Nnnlinear oprics is rhJ hasis of all rhe fled[ing
photonic technologies, rvlrcr'e light rvorks r,lith or el'en replac.es electrons ln applications
tradriloflalh, camed out by mrcrtr+leclronrs. Nonlrnear optlc:s hes apphcntrons rn the-doman of
optoclmtronics and photrrnics, and materi*ls rvith high nofllinesr optical flropefiies are usotl in
high pelfonttance e.[ectro optic swit':hing elcn*nts for telsnu;nrulrication ancl optical
i,lbrrnatir:n pruuessirrg '['here is grorvirrg ultention in materials wirh high non-linear up(ir,;tl
(Nl.O) properties drn to their porential applicttion irr technologres such 3$ lasers"
te.lecot:rmunrcatrolls. phr:tovoltarc cells, orgarric ilght en,ittrr:g diocles, and semrcondr.rctol layer.s
in field-eft'cct tfsnslstor$ [.] infbnnarion processing urd holography. Nonlincar optrcal tX'l-Ot
phenomena lrave beetr extenstvely studied over the last decades; molecules exhibiting large
hvpelpohrizabilities ltai-e a strerrg NLO poterllial and solrld be used. rurder c*rrcliliu]rr. fur
optoclectronics nnd n vnrietl ofopticnl devices [Z-5]

f]oraztne. tlre trtorllantc atralopue of benze.ne. rs obtarned hv replacrng the carh6n atoms
rvith alternating boron and nitrogen ntoms snd shares many similsnties wrth thc benzene both rn
structures and charactcristics [6-8]. Planar structurq eclual bond lengths and thc sinrilarity ip
phvsisal properties lu betzettc crrlitle bulaziue to be nairretl tr-s 'irrorgariic berrzelre' [9]. Hgwevcr.
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the chcmicnl properties of borazine arc emirelv di{ftrent fn:rm those of benzene [10,"131.
Bomzinc readil.v undergo $eycral polar addition reaeriorls tbat irle dil}'rcult rvith br:rtzrene.
'l'heoretisal studies htve shorvn that six p electrrns arc signilicantl.v localized on nitrogen atonrs
duc tr: the large electronegativity differerce between borcrn and nitrogen [4*151. Although
bumzinu is anrm{tic il rcnrains still in conrovers.y ll7 l9}. hut it is rlrc tirct tha{ boriuine is
cotrsiderahly less ammttic ts comparecl tn benz-cne. [n this u,ork. we havc -rtudiucl the change in
norllinear pnrpertics in Isrrns of a. l:, and c values ol'bomzine upon derivatis:ltirrn ryith eltlstron
donating and wilhrlulu'irrg gnxrps in rhe firnn of D-p-A s.ystsnr. Itlany studies havc reported that
ttrganic NLO chronrophr:rcs. especialll' those elsmonstmring high b l'alues" typicall5i have largr
dipole mornents [20-2 I J.

Tlrc aim ol' this u.ork is to $nrdy nonlinear op(ical pn:pcr(ies (NLO) using density
titttcfirm*l tlreory :nethotl, We compare the grometricnl properties mcl ru:nlinear optical
properties of borazine rvith availlrble experimerttal values.
Cornputational detrils

\Ve trst optinrized thc geomctrics <ll'borazie nith thc rlc,nsiry titrrctional thcr:ry {DFl}
nlethod rvith diflersnt exchange and corcla{ion functional. We compared the geornetrical
parelnc{$rc with the 11.\pcri}Itental values and fbund that the geometrics of'troraz,ine at l}31,yp.,6-
3l l+*Cl*x level of the{rry".lhe geomerical parn$eter:i of horazine t.t this Icvel are comparcrl
*nith the available expcrirn*ntal cleterrninati*ns [2?1. ]'he vihrational frequencies arc irlso
obtained at the same leveloftheory. To obtain the firsi irnd second h"vperpokrizabilities of tlrese
ttolecttles the Finite-Field apprrrach has heen used [2.]1. The hyperpolgrizabilities viz. |1 antl y
can be calculated using rhe tot$l cncrgy- l; of a nrr:rlccule in prcscncc ofan applictlficlcl.-l'he tielel
is applied cithcr irr Xo Y ur Z dircction.'l'hc siablc hlperpolarizahilitius are ohtuintd using
difl'cr"ent fir:ld strcngths to avoid numerie.al insrability. The static hypcqxrlarizabilities p anrJ y are
also oh(*ined {trr varioLrs n:etht:d-s and hasis sel"r fbr ilre lixed iicld srength. All the cillculatjons
are carricd out using Gaussian 03 suit ul'pnrgmnrrne [?al.

Rcsult rrnd Discussion

Irigure I shows the optimi:red structures u{'homzine at R3I.YP16-3ll+"i"6*x level of'
theory. 

-fhe 
Frond lengths. anglcs and dipole momflrt fur these molecules nre reportecl in l"$hle I

nlongrvith the irvailuhlu cxperirnenttl valr"res [22 I. lt oarr he seell ihat l]re geonretrical partrnreters
lbr borarine arc ilt ,{rtxi aglcsnrent rvith tlrc expurinrerrtal clete rminatiorrs tt this lcve I ot'theory.

Figurc l. Optinrized struclurcs o{'borazinc al B3LYPI6-31 l++6*" level of thcory.
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Figure 3, [.flbct of tleld strerigth of I and ] Y&lues of borazine.

'iirnn u$tt1 t.rlttd u.ilui ll.lxltrl ll.lrll, tl.ul!
(tl) firilt fithltt"u",

J

Iv

t.(l
t|^t

{i.il
-tf.3

l.ll
0.I

.n.i

.l {l

o<

-ti {

('
Lll"tr.$i r
t.fl -i_i
0.r ;

{1.f, i t , i r : ! : t

A 6,.., IJ
i: {
S(*l(t i

5r5 i
{qr. \
{llll I , r- ii.rxnt b.ilut n.{tld t!.rlth r,{lllil 0 tlls l}.(lll

{(} linitr'{u,lrll}.r.i

lllllll l
trxtrt 

I
nl

tlxtrr | '

'$rllqxlrt I

:-iurr I

tuurrrJ -
lirlt l
$ffol

'11
|l_il{r(l

(d)
q.lfl! ll.illl{ 11.il06 ll.hi}l{ il.{llll ltrll:

Iinitu tiddt*^rr,l

liig. L

The variation 0f 0 and .y of lrorar.ine ohained using different methods a.nd 6-3ll+*G*s

b*sis set with freld sgeilgth 0f 0.006 a.u. apulied in Y direction is shotvtt in Fig. 4. It appenrs

clearly fiom Fig. 4 that the m&$itude of cnlsulated $ r,alues for bor*zine is around 1 a'u. for all

the mcthods u;d here, The calculated y valuss for borazine is in a range 0f 300-400 a.u. usiilg

diffcrsnt methods ussd here, The magnitude of $ is hi$cr wheie there is no inclusion of diffirse

iuncrion in the basis set The values ol $ obuined using l\'tP2 are slightly higher tharr dre DFT

merhod Ths conelati6n effect h,v the IvlP2 medrod increases the p at the HI level. The $ values

ming DFT rvith different exchttn$e nnd conelfiion functronnl viz PBEIPBF,, pBH,pB[,,

mpryql ftnd BLYP {ue nelrly equill for alt the b*sis sets ivith the l;ame methud. As seen in Fig,

a16) when diffuse functions are adderl to the split valence triple zeta basis set (6-3llG), the

magnitudg ofy obtained using different methods changos significantly.
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Tahle 1. Optimized

expeximental Yalues

geometries for borazine molecule at B3L1?/6-31 1++G** level alongwrilr

Bond lengths in A, angle in degrees and dipole moment in debye

Parameters Exnt.* Borazine(B3N3H6)

B-N 1.436 +0 004 431

B.H r.258 +0.020 191

N-H 1.050 {0 020 ul8
--N-B-N tLT l !20 17 t)

<B.N.B l2l.l +7.0 77.9

<H.B.N 21,.4

<H.N.B 18 _5

Dipole monrent 0.01D

Ahtrreviatiort B- B,rN:Hr; 
' 
Experirnental values from ref [22]

Nonlinear Optical Properties

There are several techniques to calculate the hyperpolarizabilitres. The dipole moment or

totalenergy based equation of a molecule can be used to calculate the hyperpolarizabilities The

hyperpolarizabilities by the energy and dipole moment based equations do not give lhe same

result. The energy based ecluations give more sttble result with respect to the field strength than

the dipole rnoment based aluation We have obtained the NLO properties oi borazine using the

Finite-Field approach We confine our attention to p and 1 of borazrne The Frnite-Field method

rs a derivative method, so numerical problem can't be ovoided. For the calculation of NLO
properties 0r1e call prevent numerical insUbility by choosing the value of appropnate field
strength by obtaining B and 1 at various field strengths

We have used BIL\?/6-3ll++6** Ievelto obtain NLO properties of borazrne. We first
applid FinrtrFie ld of different field strength either in X, Y or Z direction to decide the suitable

lield strengh in order to obtain the numerical stable hvperpolarizabilities. We then obtained the

hyperpolarizabilities of borazine usirrg different nrethods for the fixed field strength.

The variation of B and 7 of borazine rvith field strength applied eifter in X, Y or Z
direction is shown in Iig. 2. As can be seen from Fig. 2, borazine show numerically stable

hyperpolarizabilities ata certain rangeof field strength applied along Y du'ection. From Frg. 2,

we choose the freld slrengh of 0.006 a.u. to calculate the hyperplarizabilities of bomzine using

different methods wrth 6-311]+G** trasis set to see the effect of level of theory on

hyperp'olarizabilities.
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Figure 3, EfIect of {leld streriglh of B and'y Yelues of borazine.
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The variarion $f 0 and y of lror*rine obtained using diffurent ntethods a$d 6-3ll++0t*

b-tsis set ruith field strerlgth 0f 0.006 a.u. applied in Y drection is shoun in Fig. 4 It appears

clearly fiom Iig. 4 that the mtrgnituds of cnlculttetl $ r,alues for borazine l$ ilround I it.u, for all

the urethods used here, Thr calsulaud T valu*s for borazinc is in a rflnge 0f 300-400 a.u. using

different methgd$ ussd here. The magnitude of $ is hi$er there thcre is no inclusion of diffirse

funcrion in the basrs set The values of $ obtairred uslng NitP2 are slightly highu than the DFT

merhod. The conetati6n effcct b,v the lUP2 method increases the [} at the Hl level. The p values

ming DFT rvifh different exchtn$e and conelfiron firnclrontl viz PBEIPBE, PBF,PB[,

B3pWgl end nl,\'p flrs ne*dy equill for all the basis sets rvith the $ilme nlerthod. i\s seen in Fig.

4(b) when diffuse functions are added to the split valence triple zeta basis set (6-3llG), the

magnitude ofy obtained using different methods changes significantly.
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Figure 4. Method afld b.1sis set dCIpende$ss of |} end'y lbr borazlue-
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We have perlorrued OFT calculations lirr the study of first al)d secottd

hyperpolarizabilities (p fllld T) of hornzine. 'lhe optirniird geometries and vitrrational frequetrcies

fo.r borazrne nre rn excellent agreement i,vrth t.he avarlalrle experlmeiltal detemtlnattons. 'lhe

substrttrcnt etl'ect on NLI) preryer-ties of'horazine has been investiSnted hy trsing tinite fieltl

method. The p and 1 r,alues are calculilted at field strength CIf 0.006 a.u. far borazine and
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Figure 4. Uletlrod and bosi$ set dependence of'P ancl y tbr borazute.

.1I$tl

t.irHta
?
il

'' t ttutt

5lx|

0

t_(

{')

s

I

{

U
rt 

f -,
| ' t'-Jt tr; 

.

I r 6-JlIr(,
I n-lt tu,,"
I r fi-.lt1r+(;''
I r'-rr tont.'",

: ' 'ttg-rt'1" tl'

a'I

PBI:Iplll,: TBlifnl: lfiIP\t$l ltl.l P Hlll.l P

1l*tiuls

lrl

l('

IJ

IJ

- t(l

=.is
(;

.t

l

rl
il$ \lt,l

{ll

Fiur-rre 4"gt

Conclnsions

Pltt t t,ril. rrr[.t,8r. 8"il'1\ 9l lil \ l' lt.il I l'
\ lPrhutlr

We have perlornred DFT calc.ulations ftrr the study of firct and second

hy;lerpolarizabilities (P and y) of horazir)e. "l'he optimized geornBtries and vitrrational frequencies

fbr hor:azrne are ril excellent agreement ruth the avarlahle expeilmental detemtnatroils The

sutrstrtuent etl'ect on NLt) prcrperries of'homzinc has been inve.stigated bv using finite tield
method The p and y values are calculfite,d at field strength of 0.006 a.u. for borazine and

substrtuted borazin$ using different nrethods and different buqis se[s. A large change itr dipole
mom$nt is rrhserved in hormine
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Solvent Free synthesis of some Metal complexes of Novel Ligand

Derived from 2-Amino-5, 6-Dimethyr Benzimidazole with 2-Bromo

Isophth alaldehyd e a n d Ch a ra c terization, Biolo gical Activity of S a m e

Pawar S Rr, Moharir S P2, Undegaonkar M G3, Sinkar S Na, Mirgane S R5
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Abslract: A solvetttfree antl environntentally green syttthesis using scienliJic microwove methotl of novel ligantl derivedfrom 2-

amino-s,Gdimetltyl benzimidazole witlr 2-bromo Isophrhalaldehyde. Metal complexes were derived from nitrate of Mn('ll) and

"nirr*/, 
osol,'Co(t1, N1(II), Cu(II), Zti(II), crl(tD, Fe(IIl salts with novel ligand. At the entl of the reaction all metol

complexes show Jitte color. 81, TLC antl ntelting poinl of each complex was conJirming the formolion of melal complex'

Characterization of novel ligrtnr! cnrriea out by'elemenlal analysis, IR spectroscopy, |HNMR sPectroscopy' LCMS and

cltaracterization of metol cotnple-res corried oul b1t IR spectroscop!, IIV spectroscopy and TGA' The novel ligand and its oll

ntelal complexes show nntibacierial uciivitv agtitrst E-Coli, S.Aureus and S'Typlti'

Kqruorrls: Solvent free, Creen sytttlusis, 2.ontino-S,6-dimerhyt benximidazole, 2-bromo Isoplttholaklehyle, Antibacterial

activitY' 
I. INTR,DU.TI.N

Solvent free, green and eco-ltiendly vierv of synthesis is increasing in chemistry. Now a day, use of scientific microwave tbr

synthesis is becoming popular. Tnis is rhe soh,ent free or less solvent synthesis. It helps to reduce pollution, gives better yield and

reduces cost. Simple reaction contlitions a,d important is time sa,ing [1-3]. Synthesis using microwa,e irradiation technique is

environmentally very saf-e ancl etlbctive [a-5-l. The cornpound containing Azomethine/lmine (C:N) group are known as Schifrbase

ligand [6]. The products of ketone or alciehyde rvith plinrary amine are generally known as Schiff base [7]' They are biologically

,ery acrive compounds, having biological acti'iries like anribacterial [8], antimicrobial [9], anticancer [10], plant grou'th inhibitors

[1 t] and so on.

II. EXPERIMENTAL SECTION

All the chemicals used in this rvork lver-e of analytical grade. 2-amino-5,6-dimethyl benzimidazole and 2-bromo Isophthalaldehyde

fbrm Sigma Aldrich and metal nitr-ates and chlorides tiom loba chem and MERCK- The novel ligand s1'nthesized in scientific

microwave oven. Metal complexes werc synthesized by reacting novel ligand with metal salts in scientific n-ricro\ iave oven'

B. Techniques

Synthesis was performing in microwave extraction system in scientific microwave oven' Melting points were measured on digital

melting point apparatus. The electronic absorption spectra ra,ere recorded in the wavelength range 200 to 400 nm using UV

spectrophotometer. IR spectra ra,ere analyses on Shimadzu Dr 803 l. The 1HNMR spectra was analyse in DMSO D6 on Brakers 400

MHz instrument. The mass spectrum $,as recorded by LCMS spectrophotometer. The TGA were carried out in d)'namic nit|ogen

atmosphere (30m1/min) with heating rate ol. looc/min using Shimadzu TGA 50H thermal analyser. TLC analysis perfbrms on pre

coated aluminium Plates.

A. Material and Method

All the starling chemicals are of analytical grade'

purchased from Sigma Aldrich and metal salts tiom

using scientific microwave oven: Syntheses o1'metal

scientifi c microwave oven.

2-amino-5,6-dimethyl benzimidazole and 2-bromo Isophthalaldehyde were

Loba chem and MERCK. The novel Schiff base ligand was synthesized by

complexes were performed by reacting SchifT base ligand rvith metal salts in
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Cl. Preparation of Novel l,igand

The novel SchilTbase ligand rvas prepaled b1,the reaction between 2-amino-5,6-dimethyl benzimidazole (0.63 gnr.) and 2-bronlo

Isophthalaldehyde (0.38 gm.) undel solvent tiee conditi<ln in scientific microwave oven about t5 min. The irradiated product after

cooling at room temperature r,r,ashed rvith tlry ether. The yield obtained was 0.84 gm. And melting point rvas 2560C. The purity of
the product confirm by TLC.

l) Reaction

2-amino-5,6-dimethyl benzinridazole 2-brorno Isophthalaldehyde

*4--->'--+q
( Z \- N - ((2 -brc no -3 - ((Z)-(5,6 - dimelhy l- I F/-benzolcllim id azol -2'

y Iim ino)methy I )pheny | )methylene)-5,6-dimethy l- | H-benzol.l)inidazol-2-am ine

D. Preparation of Metal Complexes

The metal complexes were synthesized under solvent free condition by irradiating metal nitrate or metal chloride r.r'ith the required

amount of the ligand. The reaction mixture u,as irradiated in microwave oven. The products were washed with dly ether. lllter and

driecl at room temperature. The metal salts used rtere MnClz. Ire(NO;);.9HzO, Co(NO:)z .6HzO, Ni(NO:)z .6HzO, Cu(NO;)z .3H2O,

Zn(NO3)2.6HrO, Cd(NO3)2 .4H2O and AgNO:

III. RESULT AND DISSCUSION

All metal complexes and novel ligand are colored, solid and stable at room temperature. They possess sharp melting point. The

complexes are insoluble in common organic solvents but soluble in DMF and DMSO.

A. Physical Properties

Physical properties of the novel ligand and metal complexes summarized in Table I

Table I

Sr. No Molecular formula Color Melting point
(oc)

Time Yield %

I CzeHz:NoBr Yellow 256 l5 min 83

2 [(CzoHz:NoBr)z(HzO)a] Mn Dark Yellow l8r 240 sec. 83

J [(CzoHz:NeBr)z(HzO)a] Fe Brown r88 60 sec. 85

+ [(CzeHz:NoBr)z(HzO)r] Co Brown 174 120 sec. 96

5 [(CzoHz:NoB r)z( HzO)a]N i Light Green 208 60 sec. 00

6 [(CzeHz:NeBr)2(ll2O)a] Cu Green 148 60 sec. 00

7 [( CzoHz;NoB r) z(lf zO) q)Zn Dark Yellow t32 60 sec. 00

6 [(Czollz:NoBr)z( HzO)c] Cd Greenish 280 90 sec. 00

9 [(CzoHz:NoBr)z(HzO)a]Ag Yellorv 218 60 sec. 00
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B Mass Spectral Studies

The lrass spectrum study of novel ligand shou,ed a peak at m/2. 500(M+l) that corresponds to the molecular weight of the SchilT

base Iigand 499.

C. 'HNMR Spectral Studies

Observed rHNMR peaks (ppm) of novel Schilf base ligand summarized in Table Il.

Table-ll

Compound l-l-1iom foul Methyl

Gloups in ppnr

H-from Aromatic ring

In ppm
H-fi'om-NH of

Imidazole In ppm

CzoHz:NoBr 2.50 - 2.5t 6.87 - 8.48 5.89

The rl,lNMR spectrum of novel ligand shows different peaks. The characteristic peak observed at 5.89 ppm is due to H-fiom NH-of

Imidazole. The peaks observed at 6.87 - 8.48 ppm are due to H-from aromatic rings. The peaks observed at 2.50 - 2.51 ppm is due

to H-l}om four Methyl Groups.

D. Infrared spectra analysis

Observed IR fi'equencies of novel Iigand and its metal complexes summarized in Table III.

Table-lll

Sr.

No
Ligand/complex C:N (cm-')

C-H (cm-
,)

N-H (cm-

')

C:C
(c.-')

M-N (cm-
,)

I CzeHz:NoBr 1662.64 3280.92 3452.58 1471.69

2 [(CzoHaNeBr)z(HzO)a]Ni r 730.1 5 3200.00 3420.00 1454.33 516.72

J [(CzoHz:NeB r):(HzO)a]Cu i680.00 3 190.00 3400.00 1s75.84 5 r 3.07

The IR spectrum of novel ligand shou, characleristics band at 1662.64 cm-r which indicates (C:N) str-etching vibralion o1'

azomethine group [12-17]. The vibrational band ar 3452.58 cm-r assigned N-H stretching in the ligand. Band obselryeC at 141 1.69

cm-r corresponds to C:C sh.etching. The band observeci ar3280.92 cm-r indicates aromatic C-H stretching in the ligand.

IR spectral study of Ni metal complex: The band appeared at 1730.15 cm-rcoresponds to azomethine (C=N) stretching- \r'he|eas

same azomethine band is observed at 1662.64 cm'r ir.r spectrum of ligand. Which indicate coordination of ligand with metal ion [,l8]-

The band appeared at 3200.00 crn-r indilates the arornatic (C-H) stretching in complex, whereas same aromatic (C-H) st|etching is

observed at32gO.92cm-r in spectrum of ligand. The band obser-ved at3420.00 cm-r assign to (N-H) stretching, rvhereas in spectrum

of ligand it is observed at 3425.58 cm-r. The vibration observed at 1454.33 cm-r due to aromatic (C:C) stretching' The

characteristics band appeared at 5i6.72 cm-r assign to (M-N) viblation, which confirms coordination of azomethine and metal ion

[19-201. The weak bands observed at 825.53 cm-r and 1035.77 cm-r were due to OH wagging mode of vibration, indicating

coordination of water molecule in rnetal complex [2]-24). Above bands which are appeared in spectrum of cornplex are not

appeared in spectrum of ligand that confirm the fbrniation of metal complex with stable metal ligand bonding.

IR spectral study of,Cu metal complex: A stretching observed at 1680.00 cm-r, which corresponds to azomethine (C:N) stretching

vibrations, whereas same stretching is observed at 1662.64 cm-r in spectrum of tigand. The band appeared at 3190.00 cm-r assign to

aromatic (C-H) stretching, whereas same stretching is observed at.3280.92 cm-r in spectrum of ligand. The vibration observed at

1575.g4 cm-t due to aronratic (C:C) stletching. The coordination of metal to nitrogen was justified by stretching observed at 490

cm-r [25]. The weak bands obserrred at 825.53 cnr-r and 1033.85 cm-r rvere due to OH \Iagging mode of vibration, indicating

coordination of water nrolecule in metal complex {21-241. Above bands rvhich are appeared in spectrunr of complex are not

appeared i1 spectr.um of ligand that confirm the fblnration of metal complex with stable metal ligand bonding.
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E. Electronic spectra

UV-Vis spectral data and probable geometry lbr the metal complexes summarized in l'able lV

Table-lV

Sr.

No.
Cornplex

UV-visible nra.ior bands.

Absorption Maxirna cm-

'(nrn)

Assignment
Proposed

geometry

I [(Czollz:NoBr)z(H zO)q]Ni 43 898. l 5 (227 .80) jAr. + jTr.(F)

Octahedral44s63.27 (224.40) 3A2s 3T,g(F)

47 438.33 (2 r 0.80) 3A2s 
'T,r(P)

2 [(CzoHz:NeB r)z(HzO)q]Cu 406s0.40 (2 r6.00) ,B,g.- rA,g

Octahedml46296.29 (208.60) 'B,o*'Bzg
28,., 

- 
28.,

UV-Vis spectrum of both metal complexes Ni(ll), Cu(ll) recorded in the wavelength region 200nm to 400nm in DMSO solution.

UV-Vis spectral data of Ni: Electronic spectrum of Ni(ll) complex shows absorption maxima at 43898.15 (227.80),44563.27
(224.40) and 47438.33 (210.80) assign to t l'zs - 'Tr.(F), 

;4zs - rTrg(F) and 3A2, * rTrg(P) transitions respectively indicating that
complex possess octahedral geometryl26-27 l.
UV-Vis spectral data of Cu: Electr'onic spectrum of Cu(ll) conrplex shows absorption maxima at40650.40 (216.00) and 46296.29
(208.60) assign to zgrs -'A,r,'B,* - 

2Bzs and 281* - 2Eg transitions indicating that complex possess octahedral geometry[28-29].

F. Thermo Gravimetric Analysis of Metal Complexes

Thermo gravimetric analytical data of metal complexes were summal'ized in Table V.

'I'able-V

[(CzoHz:NoBr)r(HrO)4]Ni [(CzoHz:NoBr)z(HzO)<]Cu
Weight loss % Temperatule oC Weight loss % Temperature oC

0 29.22 0 29.74

l0 r 43.30 t0 93.52

20 213.54 20 145.87

30 292.20 30 226.75

40 314.92 40 263.84
50 367.38 50 348. I 8

60 422.05 60 377.77
70 449.0s 70 394.49

80 476.11 80 452.83

84.184% total wt. loss 500 84.832o/o total wt. loss 500

The TGA curve of Ni(ll) was carried out in the temperature range fi'om 29.220C to 5000C. The heating r.r,as carried out in the
nitrogen atmosphere, rvith heating mte l00C min-r.

In the range of 29.940C to 143.300C water of crystallization lost with l0% weight loss is observed. Then loss up to organic moiety
total weight loss of 84. I 84% at 5000C. Stable culve indicates fbrmation of metal oxide of nickel.
The TGA cune of Cu(ll) was carried out in the temperature range from 29J40C to 5000C. The heating was carried out in the
nitrogen atmosphere, with heating rate l00C min-r. The thermogranr of Cu(ll) shorvs total weight loss of 69.51%o. Filstly loss water
of crystallization in the rangeof 29.740C to 93.520C. Lastly loss of organic moiety with total weight loss at 5000C was 84.832%. A
stable curve shorvs the formation of metal oxide ofcopper.
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B. Ntass Spectral Sludies

The mass spectrum study of novel ligand shorved a peak a1 m/2. 500(M+l) that conesponds to the molecular weight of the SchilT

base ligand 499.

C. 'HNMR Spectral Studies

Observed ,HNMI peaks (ppm) of novel Schifl'base ligand summarizedin Table II.

Table-ll

Compound H-liom four Methyl
Groups in ppm

H-from Aromatic ring

In ppm
H-from-NH of

Imidazole In ppm

CzeHz:NoBr 2.50 - 2.5t 6.87 - 8.48 5.89

The TIJNMR spectrum of novel ligand shows different peaks. The characteristic peak observed at 5.89 ppm is due to H-fiom NH-of

Imidazole. The peaks observed at 6.87 - 8.48 ppm are due to H-from aromatic rings. The peaks observed at 2.50 - 2.5 | ppm is due

to H-fi'om four Methyl Groups.

D. lnfrared specta analYsis

Observed IR fi'equencies of novel ligand and its metal complexes summarized in Table III.

Table-lll

Sr.

No
Ligand/complex C:N (cm-')

C-H (cm-
,)

N-H (cm-
,)

C:C
(cm-')

M-N (cm
,)

I CzeHz:NoBr' 1662.64 3280.92 3452.58 t471.69

2 [(CzoHzrNeBr)z(HzO)a]Ni r730.r5 3200.00 3420.00 14s4.33 576.72

J [(CzoHz:NeBr)z(H:O)q]Cu i680.00 3 r 90.00 3400.00 1s75.84 5 r 3.07

The IR spectrum of novel ligand shorv characteristics band at 1662.64 cm-r which indicates (C:N) stretching vibration o1'

azomethine group [12-17]. The vibrational band at 3452.58 cm-r assigned N-H stretching in the ligand. Band obselved at l47l-(t9

cm-r corresponds to C:C sh'etching- The band observeci a|3280.92 cm-r indicates aromatic C-H stretching in the ligand-

IR spectral study of Ni metal complex: The band appeared at 1730.15 cm-r comesponds to azomethine (C=N) stretching. u'het'eas

same azonrethine band is obser.red at 1662.64 cm't in spectrum of ligand. Which indicate coordination of ligand rvith metal ion [18].

The band appeared at 3200.00 crn'r indicates the aromatic (C-H) stretching in complex, whereas same aromatic (C-H) stretching is

observed at32}O.g2cm-r in spectrum of ligand. The band obser-ved at342O.O0 cm-r assign to (N-H) stretching, rvhereas in spectrum

of ligand it is observed at 3425.58 cm-r. The viblation observed at 1454.33 cm-r due to aromatic (C=C) stletching. The

characteristics band appeared at 576.72 cm-r assign to (M-N) vibration, which confirms coordination of azomethine and metal ion

tl9-20]. The weak bands observed at 825.53 cm-r and 1035.77 cm-r were due to OH wagging mode of vibration, indicating

coordination of water molecule in metal cornplex l2l-24). Above bands which are appeared in spectrum of cornplex are not

appeared in spectrum of ligand that confirm the fbrnration of nretal complex with stable metal ligand bonding.

IR spectral study of,Cu metal complex: A stretching observed at 1680.00 cm-r, which corresponds to azomethine (C=N) stretching

vibrations, whereas same stretching is observed at 1662.64 cm-r in spectrum of ligand. The band appeared at 3190.00 cm'r assign to

aromatic (C-H) stretching, whereas same stretching is observed at.3280.92 cm-r in spectrum of ligand. The vibration observed at

1575.g4 cm-r due to ar.omatic (C:C) stretching. The coordination of metal to nitrogen was justified by stretching observed at 490

cm-r [25]. The weak bands observed at 825.53 cm-rand 1033.85 cm-r were due to OH wagging mode of vibration, indicating

coordination of water molecule in metal complex [2]-24]. Above bands rvhich are appeared in spectrum of complex are not

appeared in spech.um of ligand that confirm the fblnration of metal complex rvith stable metal ligand bonding.
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l-l2O +M* HzO H2O+M+ H2O

Proposed structure of nretal complex (M):Mn(ll),Fe(lll),Co(ll),Ni(ll),Cu(ll),Zn(ll),Cd(ll),Ag(l).

G. Bioactivity Study

Antibacterial activity of novel Schiff base ligand and its metal complexes were summarized in Table VI.

Table-Vl

Sr. No. Compound Minimum inhabitation concentration (uglml)

E. Coli S. Aureus S. Typhi

I CzoHz:NoBr 2s0 125 2s0

2 [(CzoHz:NoB r)z(HzO)o]Mn 62.5 s00 250

J [(CzoHz:NoB r)z(HzO)q]Fe s00 500 100

4 [(CzoHzrNoBr)dH:O)q]Co r00 2s0 100

5 [(CzoFIz:NoBr)z(HzO)q]Ni 125 2s0 50

6 [(CzoHz:NoBr)z(HzO)a]Cu r00 2s0 125

7 [( Czo H z:N o B r) z(HzO) q)Zn 200 50 25

8 [(Czoflu :NoBr)r(HrO)4 lCd r00 t25 125

9 [(CzoH z;NoBr)z(HzO)a]Ae 250 2s0 200

Antibacterial activity of synthesized novel Iigand and its metal complexes ra,ere performing against Escherichia Coli,
Staphylococcus Aureus and Salmonella Typhi. Which w.ere grown overnight at 370C temperalure. The min'imum inhibitory

concentration (MlC) r,vas evaluated against test bactelia. Concentration ranging is in between 0.4 uglnl tol0 ug/ml.

Mn(ll) shorvs better and Co(ll), Cu(ll), Cd(ll) good antibacterial activity on E.coli as compared to rest of nretal complexes and

parent ligand. Zn(ll) conrplex shows excellent antibacterial activity on S.Aureus as compared to rest of metal complexes and parent

ligand. Zn(ll) and Ni(ll) shorvs excellent antibacterial activity on S.Typhi as compaled to rest olmetal complexes and parentligand.

IV. CONCLUSION
The microwave method assures the principle of green chemistry. The novel ligand was synthesized fiom 2-amino-5,6-dimethl,l

benzinridazole and 2-bromo Isophthalaldehyde. It fbrms stable binuclear conrplexes with transition metal ions such as Mn(ll),
Fe(lll), Ni(ll), Cu(ll), Co(ll), Zn(ll), Cd(lf) and Ag(l). The novel ligand and its eight metal complexes show good antibacterial

activity.
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Absrract: The microwove ossistetl green synthesis of novel ligand derived from 2-Amino benzimidaz.ole and

Acenaphthenerluinone ond its metal complexes of Mtr(II), Fe(IIl, Ni(II), Cu(tI), Co(II), Zn(II), Ci(II) and Ag(I). Tlte novel

ligontl wrts irtentiJied b1t meltitrg point ontl thin layer chrontatogrtphy. Choructerizntion of novel ligottd was b1; elemenlal

analysis, Infrured spectro,'ltNMR spectro ond moss spectroscopy. The ntetul cttmplexes were identiJietl b1t msl1i17g Ooint, lltin

Itq,er chromntogrophy and their distinguishittg colour metul conElexes vsere charoclerized by Infrared spectroscopl" UV-visible

spectroscopv ottl thermo grovimetric anolysis. The ontibocteriol octivities of the nove! ligond and its tnetal cotnplexes were tested

agoitrsl Escherichitr coli, Staph-ltlococcus ourous ottd Solmonelh T-vphi'

Ke1,p6rr1r- Green qtnthesis, 2-Antino benz.intitl.oz.ole, Acenophthenequinone, Antibuctetiul octivities.

I. INTRODUCTION
The azonrethine group pr-esent in Schiff base ligand. rvhich fblms highl,v stable complex u,ith transition rnetal ions. ln the present

rvork ra,e lbcus on green and elficient sl,nthesis of novel Schifi base ligand and their nretal conrpleres. fhe main feature of

microivave sl,nthesis approach are shorter reaction tinre, larger the 1,is16 and sin'rple conditions for reaction' The lerv reporls are on

the synlhesis ttl'metal conrplexes by nticrorvave assisted method Il-3].
'fhe use of'microrvave assisted irradiation in synlhesis of drugs and organic compcxrnds have proved that it is efl'ective. saf'e and

eco-fiiendly rvith shorter reactior.r time [4-5]. Compound containing azomethirre/imine (C=N) group al'e knorvn as ligand [6]. 
-I'he

.2roduct ol'ketone and aldehyde r,r,ith printary amine are generalll,kr.rorvn as Schitl'base ligand [7]. They are bioiogical very active

compounds. having biologicai activities like antibactelial [8-1 l], antimicrobial [12]. anlicancer [3]. plant grorvth inhibitors Il4l and

so on.

II. EXPERIN{ENTAL SECTION

All the chemicals used in this rvork rvere of analy4ical grade. 2-Arnino benzinrida'zole and Acenaphthenequinone lbrm Sigma

Aldrich anci rretal nitt-ates and chlorides liom loba chem and MERCK. The rrovel ligand synthesized in scientific microwave tlven'

Metal courplexes wele synthesized by reacting novel ligand rvith metal salts in scientiflc nricrorvave oven.

A. TechttitTtres

Synthesis of r.rovel ligand and its rnetal complexes r.r,ere perJbrming in nricrou,ave extraction system in scientiflc nticrou'ave oven.

Melting poir.rts u,crc nreasur-ed on digital melting poini apparatus. l-he electronic absorptiorl spectra were recorded in tt.re rvavelength

range 200 lo 400 nnr using UV spectrophotometer. [R spectra r.r,ele analyses on Shitnadzu Dr 803 l. The rHNMR spectra rvas

analyse in DMSO D6 on Br-akers 400 MHz instrr.rmenr. The mass spectrum rvas recorded by LCMS spectrophotometer. The TCA

rvere carried out !n dynamic nitrogen atmosphere (30m1/rnin) with heating rate of l00C/min using Shimadzu l'GA 501.'l thernral

analyser'. TLC analysis perlbrrns on pre coated aluminiunl plates.
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B Preparotion oJ.Novel Ligctttd

The novel ligan{ rvas prcpared by thc rcaction betrveen 2-Arrrir-ro benzirr.ridazole (1.34 grr.) arrd Acerraphthencriuitrtlrre (0.92 gm.)

under solvent fiee conditiorr in scientiflc nricrowave oven aboul 40 rrin. The jrracliatecl plt,.duct after cooling at t'()otlt tetnperaturc

rvashedwithdr'1,ether. l'heyieldobtainedr,ias2.l2gm.Andrneltingpointvvas 1800C. Ihcptrritl'ol'theprociuclccrnlirnrbyTLC.

Ileaction

H
N

,/
, H,,N+\ \

N

40 min

Mw 

dN--"////\\
F=4\ -tl,(r
\--l

* 2HzO
NN

2-Amino benzimideole
\-NH

!!_ \\2
< t,)-N-(( t r)-2 -( I H -benzo[.4i miduo t-2-vl imi no)acenaphthylen-

1 (2 H )-ylidene)- I H-benzo[r/]i rridzol -2-amine

C. Preparation of metal contplexes

The metal complexes u,ere synthesized under solvent tiee condition by irradiating metal nitrate or metal chloride rvith the required

amount of the ligand. -l-he reaction mixture',vas irradiated in microwave oven. The products u'ere washed with dry ether, t'ilter and

dried at room temperature. l'he metal salts used rvere MnCI2. Fe(NO3)3.9H2O, Co(NO3)2 .6ll2O, Ni(NOr), .6HzO, Cu(NOr)2 .3H2O.

Zn(NO:)z .6H2O, Cd(NO r). .41'1,20 and AgNOs

III. RESULT AND DISCUSSION

All metal complexes and novel ligand are colol'ed, solid and stable at room temperature. They possess sharp melting point. The

complexes are insoluble in common organic solvents but soluble in DMF and DMSO.

A. Physical Properties

Physical properties of the novel ligand and metal conlplexes summarized in Table I

-lable 
I

Sr. No Molecular fbrrnula Color Melting point ("c) Tin.re Yield %

I C26H16N6 Yellow 80 40 rnin 93.80

2 IC26]{ 16N6(H2O)2]Mn Light Yellorv l8 360 sec. 95

J [C:ollroNo(HzO)z]Fe Brolvn l0 30 sec. 75

4 IC26H16N6(H2O)2]Co Purple 32 300 sec. 87

5 Ic26ll r6N6(H2o)2]Ni Greenish 68 1 50 sec. 96

6 IC26]-116N6(H2O)2]Cu Green 54 90 sec. 95

7 [C26[-lr6N6(H2O)z)Zn Brorvnish Yellow 24 I 20 sec. 9r

8 lc26Hr6N6(H2O)2lcd Brorvnish Yellow 46 I 80 sec. 87

9 IC26H16N6(HrO)2]Ag Dark Yellow 76 360 sec. 95

B. Elentental Anal),sis

Elemental analysis (CHN) data of thenovel ligand is summarized in Table II

1)

Table II

Comp. Empilical lblnrula
Molecular

Weight

C

Found (cal.)
H

Iround(cal.)

N

F-ound (cal.)

Novel

Ligand
C26H 16N6 412 7s.9s (7s.73) 3.e6 (3.88) 20.09 (20.39)
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C. Mass Spectral Studies

The mass spect!'um study of novel li-eand shorved a peak at m/2.413(M+1) that corresponds to the molecular weight ol'the ligand

412.

D. 'HNMR Spectral Sndies
Observed'I-INMR peaks (ppnr) o1'novel Schiff base ligand sumnrarized in Table lll.

Table-lll
Compound H-from Aromatic ring in ppm H-fi-om-Nli of lmidazole in ppm

c26ll r6N6 6.8r - 8.46 6.07

The rHNMR spectrum of novel ligand shows difterent peaks. 'lhe characteristic peak observed at 6.07 ppm is due to l-l-fiom NH-of
lmidazole. The peaks observed at 6.81 - 8.46 ppm are due to l-l-from aromatic rings.

E. lnfraredSpectra Analysis

Observed IR tiequencies of novel ligand and its metal complexes summarized in Table IV.

Table-lV

Sr.

No
Ligand/complex C=N (cm-r) N-H (cm-r) C:C (cm-r) M-N (cm-t)

I c?6lJ r6N6 r 630 3350 I 450

2 IC26t{1i,N6(H2O)2]Fe t647.2t 3400 1454.33 s47.18

J [CzoHroNo(HzO)z]Cu I 643.35 3360 1492.90 677.01

The IR spectrum of novel ligand shorv characteristics band at 1630 cm-r r.vhich indicates (C:N) stretching vibration ol'azomethine

group [ 5-20]. The vibrational ban d at 3 3 50 cm-r assigned N-H stretching in the ligand. Band observed at I 450 cm-r corresponds to

C):C stretching.

IR spectral study of Fe metal conrplex: The band appeared at 1647.21 cm-' corresponds to azomethine (C=N) stretching, rvhereas

same azomethine band is observed at 1630 cm-' ir.r spectrum of ligand. Which indicate coordination of ligand u,ith metal ion [2 I].
The band observed at 3400.00 cm-r assign to (N-l-l) stlelching, whereas in spectrum of ligand it is obselved at 3350 cm-'. The

vibration observed at 1454.33 cm-' due to aromatic (C:C) stretch ing. The characteristics band appear ed at 547 .7 8 cm-r assign to (M-
N) vibration, which conlirrrs coorclination of azonrethine and metal ion [22-23]. The weak bands observed at 893.04 cm-r and

1041.56 cm-' were due to OI'l r.vagging mode ol'rriblation. indicating coordination of rvater molecule in metal complex 124-27).

Above bands which are appeared in spectrum of complex are not appeared in spectrurn of ligand that conllrrn the fbrmation of metal

complex with stable metal ligand bonding.

IR spectral study of Cu metal complex: A stretching observed at 1643.35 crr-r, which corresponds to azomethine (C=N) stretching

vibrations, whereas same stretching is observed at 1630 cm-' in spectrum of ligand. The band observed at 3360.00 cm-r assign to (N-

H) stretching, rvhereas in spectrum of ligand it is observed at 3350 cn.r-'. The vibration observed at 1492.90 cm-' due to aromatic

(C=C,1 stretching.

The coordination of metal to nitrogen rvas justified by stretching observed at 677.01 cm'' 1281. The r,;eak bands observed at 89i.04
cm-l and 1043.49 cm-' were due to OIJ rvagging mode ol'vibration, indicating coordination of rvater molecule in metal complex [24-
271. Above bands which are appeared in spectrum of complex are not appeared in spectrunr of ligand that confirn.r the fbrmation of
metal complex with stable metal ligand bonding.
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l" Electronic Spectra

tJV-Vis spectral data and probable geometr), Ibr the metal conr;ticxes sumnrarized in Tabie V

l'able-V

Sr.

No.
Con'rplex

UV-visible nra jor bands.

Ahsolption Marinra cnr-
r( 

rr rr-r )

Assignment
Proposed

geonretrv

I [C26H16N6(H2O)2lFe 43706.29 (228.80) A1*(S)*.T,JG)
Octahetiral490t9.60 (204.00) A1*(S)* oTrr(G)

494ss.98 (202.20) oA,o1S;- oE*oA,*

2 [C26H16N6(H2O)2]Cu 44682.75 (223.80) 'Br* - 'A,u
Octahedral4s289.8s (220.80) -B'o 

-'Bro
47619.04 (2r 0.00) 'Bro-'E"

UV-Vis spectrum of both metal complexes Fe(lll). Cu(ll) recorded in the u,avelength region 200nm to 400nrn in DMSO solution.
UV-Vis spectral data of Fe: Electronic spectrum of Fe(lll) complex shows absorption maxima at 43706.29 (228.80),49019.60
(204.00) and 49455.98 (202.20) assign to uA,r(S) 

- 
4Trs(G). oAr-(S) .* oTr*(G) and 64,,(S) 

- 
oE",oA,* transitions respectiyely

indicating that complex possess octahedral geometry[29-30].
UV-Vis spectral data of Cu: Electronic spectrum of Cu(ll) complex shows absorption maxima at 44682.75 (223.80'), 45289.85
(220.80) and 47619.04 (2 10.00) assign to:Brs -'A,*,'8,, - 

2Bzs and 28r* 
- 

2Es transitions indicating that complex possess
octahedral geometry[3 I -321.

G Thermo Grayimetric Analysis of A4etal Complexes
Thermo gravimetric analyical data ol'metal complexes were summarized in Table vl.

Table-VI

[C26H16N6(H2O)2]Fe [c261]r6N6(H2o)rlcu
Weight loss %o 1'emperature'C Weight loss % Temperature "C

0 29.76 0 31.79
r0 179.04 l0 172.61

20 287.t0 20 214.19
30 431.47 30 29s.10

40 372.32
50 423.73

60 432.89

70 449.3 t

80 485.49
33.231Yo total wt. loss 500 82.323% total wt. loss 500

The TCA curve of Fe(lll) was calried out in the temperature range liom 28.550C to 5000C. The heating ,,r,as carried out in the
nitrogen atmosphere, rvith heating rate l00C rnin-r.
ln thelange of 29.76oClo 179.040C water ol'cr'),stallization lost r.r,ith l0o% vi,eight loss is observed. Then loss up to organic ntoiety
total weight loss of 33.23 1% at 5000C. Stable curve indicates ibrmation of metal oxide.
The TGA curve of Cu(ll) was carried out in the temperature range fi'onr 30.580C to 5000C. The heating r.r,as carried out in the
nitrogen atmosphere, with heating rate l00Cl min-r. The thennogram of Cu(ll) shows total weight loss of 82.323%. The water of
crystallization was loses in the range of 31.790C to 172.610C. The loss of organic moiety with total r.veight loss at 5000C u,,as

82.323%. A stable curve shows the fbr-mation of metal oxide of copper.
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C. Mass Spectral Slttdies

The mass spectrum study of novel ligand shorved a peak at m/2.413(M+1) thal corresponds to the rnttlecular weight ol'the ligand

412.

D. ' HNMR Spectral Sndies

Observed'l-tNMR peaks (ppm) ot'novel SchifTbase ligand sumn.rarized in Table Ill.

'lable-lll

Compound H-fi'om Aromatic ring in ppm H-fi'om-Nli of lmidazole in ppm

C26lJ 16N6 6.8r - 8.46 6.07

The 'HNMR spectrum olnovel ligand shows difterent peaks. 'Ihe characteristic peak observed at 6.07 ppnr is due to H-fiom NH-of

Imidazole. The peaks observed at 6.81 - 8.46 ppm are due to l-l-from arornatic rings.

E. Infrared Speclra Anabtsis

Observed IR frequencies of novel ligand and its metal complexes summarized in Table IV.

Table-lV

Sr.

No
Ligand/complex C:N (cm-r) N-H (cm-r) C:C (cm-r) M-N (cm-r)

I c26l-lr6N6 r 630 33 s0 r 450

2 [C26]{1..N6(H2O)2]Fe '1647.21 3400 1454.33 547.78

3 IC26H 16N6(]I2O)2lCu r 643.35 3360 1492.90 677.01

The IR spectrum of novel ligand shovv characteristics band at 1630 cm-r ra,hich indicates (C-N) stretching rribration o1'az-omethine

group [15-20]. The viblational band at 3350 cm'r assigned N-H stretching in the ligand. Band obsen,ed at 1450 cm-r corresponds to

C:C stretching.

IR spectral study of Fe metal conrplex: l'he band appeared at 1647.21 cm-' cotresponds to azomethine (C:N) stretching, rvhereas

same azomethine band is obselved at 1630 cm-' i,.r spectrurx o1'ligand. Which indicate coordination of ligand rvith nretal ion [2 l].

The band observed at 3400.00 cm-r assign to (N-ll) stretching, whereas in spectrum of ligand it is observed at 3350 cm-'. The

vibration observed at 1454.33 cm-' due to aronratic (C:C) str-etching. The characteristics band appeared at 547.78 cm-r assign to (M-

N) vibration, which conljrrns coorciination of azomethine and metal ion [22-23]. The weak bands observed at 893.04 cm-' and

1041.56 cm-' were due to OIi wagging mode o1'r,iblation, indicating coordination of rvater molecule in metal complex [24-27).

Above bands which are appeared in spectrum of corr.rplex are not appeared in spectrurn ol'ligand that confirrn the fbrmation of metal

complex with stable metal ligand bonding.

IRspectral studyofCumetal complex:Astretchingobserved al 1643.35 crr.r'r,whichcorrespondstoazomethine(C:N)stretching

vibrations, whereas same stretching is observed at 1630 cm-' in spectrum of ligand. The band observed at 3360.00 cm-r assign to (N-

H) stretching, u,hereas in spectrum of ligand it is observed at 3350 cn.t-'. The vibration observed at l4g2.9o cm-' due to aromatic

(C-C) stretching.

The coordination of metal to nitrogen was justitied by stretching observed at677.01 cm-' 1281. The rveak bands observed at 893.04

cm-r and 1043.49 cm-' were due to OIi rvagging mode ol'vibration, indicating coordination of rvater molecule in nretal complex [24-

271. Above bands which are appeared in spectrurn of complex are not appeared in spectrunr of Iigand that conllrm the fbrn.ration of
metal complex with stable metal ligand bonding.
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H. Bioaclit,ity study
Antibacterial activity of novel Schiff base ligand and its metal complexes were summarized in Table VII.

Table-VII
Sr. No. Compound Min imum inhabitation concentration (ug/ml)

E. Coli S. Aureus S. Typhi

1 C26H16N6 250 125 250

2 [C26H16N6(H2O)2]Mn 62.5 125 200

J [C261116N6(lJ2O)2]Fe r00 250 r00

4 [C26H16N6(H2O)2 iCo r00 r00 250

5 [c26lJr6N6(H2O)2lNi -r00 250 500

6 [C26H16N6(H2O)2]Cu r00 125 250

7 IC26H16N6(H2O)2]Zn 500 500 r00

8 [c26Hr6N6(H2O)2]Cd 62.5 500 250

9 [C26H16N6(ti2O)2]Ag 125 2s0 r00

Antibacterial activity of synthesized novel ligand and its metal complexes were perlbnning against Escherichia Coli,
Staphylococcus Aureus and Salmonella T1,phi. Which u'ere grown overnight at 370C tempe,'ature. The minimum inhibitory
concentration (MIC) was evaluated against test bacteria. Concentration ranging is in betrveen 0.4 ug/ml tol0 ug/ml.
The comparative antibacterial study of novel ligand and its metal complexes shor.v that the MIC value of Mn(ll) and Cd(ll) shou,s

good antibacterial activity on E.Coli bacteria as compared to rest of metal complexes and parent ligand. The MIC value of Co(ll)
complex shows good antibacterial activity on S.aureus bacteria as compared to rest of metal cornplexes and parent ligand. -I'he MIC
value of Fe(lll),Zn(lL) and Ag(l) shows good antibacterial activity on S.Typhi bacteria as compared to rest of metal complexes and

parent ligand. It get result as that in some quantity.'nove! Schilf base ligand and its nretal complexes are greatl,v uselul against E.

Coli, S. Aureus and S. Typhi.

IV. CONCLUSION
The microwave method assures the principle 01'green cherristly. The novel ligand was synthesized fi'om 2-Amino benzirnidazolc
and Acenaphthenequinone. It forms stable cornplexes rvith tlarrsition rnetal ions such as Mn(ll), Fe(lll)" Ni(ll), Cu(ll), Co(ll).
Zn(ll), Cd(ll) and Ag(l). The novel ligand and its eight rnetal conrplexes shorv good antibacterial activity.

,*--rl*\ /t\r-..-*5'/, \,---'--'.-/-- A
-\/.
(/\/

Proposed structure of metal complex (M):Mn(ll).Fe(lll),Co(ll),Ni(ll),Cu(ll),Zn(ll),Cd(lt),Ag(l).
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