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ABSTRACT

The Cu(ll), Co(ll), Ni(ll), Zn(l1), Cd(ll), Hg(ll),and Mn(ll) complexes of Schiff base¢@®N°E)-N" N®-bis((6-
bromo-2-hydroxyquinolin-3yl)methylene)adipohydrazithas been synthesized and characterized by various
spectral techniques. The complexes were preparetedsting the ligand and metal chloride of Cu(IGQo(ll),
Ni(I), Zn(ll), Cd(l1), Hg(ll), and Mn(ll) in ethanl to get a series of mononuclear complexes. Theptexes were
characterized by CHN analysis, conductivity measwnets, magnetic susceptibility, IR, NMR, ESR, W/avid X-

ray powder diffraction studies. By these specttaties it is found that Cu(ll), Co(ll), Ni(ll), ZHY, Cd(ll) Hg(Il)

and Mn(ll) complexes have exhibited octahedral getom The ligand and its metal complexes have lseezened

for their antimicrobial activities. The preparejdnd shows low activity and its metal complexessshmoderate

to good activity.
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INTRODUCTION

The synthesis of quinoline and its derivatives hattacted considerable attention of organic andlional
chemists for many yeals” The structural core of quinoline is frequently@sated with medicinal applications,
such as anti-canc&,antimicrobiall® integrase inhibitor€! HIV protease inhibitor§! antileishmanial activity”
quinoline derivatives as a source of valuable draigdidates and useful intermediates in organic @tgf” thus,

the synthesis of this heterocyclic nucleus is otmused in pharmacopeia in treatment of mdfakiand more
recently tumor$?. Our work is concerned with complexation in aquearganic solvents attract study researchers
participation of the organic component. As a camiion of studies concerning the effect of acidrayied™**®!

we examined in this study the complexing propertieadipic acid hydrazide ion agueous-ethanol sahst The
main goals of this study were describing the comgtien of Cu(ll), Co(ll), Ni(ll), Zn(Il), Cd(ll), Hy(Il) and Mn(ll)
with ligand and revealing the effects of the cdntratal-ion.
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MATERIALS AND METHODS

Characterization Techniques

Infrared spectra of the ligand and its metal coxggein KBr pellets were recorded in the spectrafea3800 — 350
cm® with Perkin ElImer Spectrum One FT-IR Spectrom¥teNMR Spectra were recorded on AMX—4000 NMR
Spectrometer, using TMS as internal standard and6OMs a solvent. The Electronic Spectra were recooth an
Elico-SL-164 Double BEAM UV-Visible Spectrophotoreetin the range of 200-1200nm in DMF. X-ray powder
diffraction was recorded at department of physicalb@ga university, Gulbarga. Magnetic susceptibili
measurements were recorded on Guoy balance méthe€onductance measurements were made on an ELICO-
CM-82-conductivity bridge.

Preparation of Ligand

(N'*E, N'°E)-N'!, N'®-bis ((6-bromo-2-hydroxyquinolin-3-yl) methylene) alipohydrazide:

The Schiff base ligand were prepared by condensatfoadipic dihydrazide (1 mole, 1.74g) and 6-bre2ro
hydroxyquinoline-3-carbaldehyde (2mole, 2.529) thaaol (30ml) was refluxed on water bath for 5-Gitsoin

presence of few drops of acetic acid. The reaatiixture was cooled to room temperature, the sepdrachiff
base were filtered and washed with hot alcohol radystalized from alcohol to get a pure samplee Phrity of

Schiff base was checked by TLC. Yield: 70%, MP; Z75Mol. Wt = 642.30.

o OHC Br
H + /
/N - NHZ
HoN N S
o HO N
1 mole,1.74g 6-bromo-2-hydroxyquinoline-3-carbaldehyde
o . 2 mole, 3.46g

adipic dihydrazide Chemical Formula: GHgBrNO,

Molecular Weight: 252.06
Chemical Formula: §H14N40,

Molecular Weight: 174.20

alcohol
reflex 7-8 hrs

1-2 drops of acetic acid or Hcl

H

z—2z

H
N o
Br AN E=N/ \i/\)l
=g Br
/ ‘
X
HO N
(N'LE,N'8E)-N'%,N 6-bis ((6-bromo-2-hydroxyquinolin-3-yl)methylene)adhydrazide

Chemical Formula: §gH,,BroNgO,
Molecular Weight: 642.30

SCHEME

Preparation of Metal complexes

A solution of 0.01mole of metal chloride in ethames mixed with the ethanolic solution of 0.01 mofdigand
and refluxed for 3-4 hours on water both to getickolution. 0.5gm of excess sodium acetate wededhtb the
reaction mixture to adjust the pH 7-8 of the sainti The reaction mixture was further, refluxed 20nours more.
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The resulting mixture was decomposed by pouring atl100ml of distilled water with constant stirringrhe
suspended solid complex was allowed to settle aiated by filtration, washed with sufficient quiy of
distilled water and then with little hot ethanoldpparent dryness and dried in a vacuum over anhgdcalcium
chloride in a desiccators. (Yield, 55-70%)

RESULTS AND DISCUSSION

Nature and Stoichiometry

All the complexes are colored in nature and weggisgly soluble in common organic solvents but btdiin DMF,
DMSO and acetonitrile. The analytical data indisatieat the complexes are agree well with 1:1 mtetdigand
stiochiometry for Cu(ll), Co(ll), Ni(ll) zZn(ll), C@I), Hg(ll) and Mn(ll). The stoichiometry of allhte complexes
was confirmed by spectrophotometric method. Theekesl molar conductance values measures in DMRisolu
fall in the range 12—20 Ohfon?mol™(Table 1).These observed values of the molar caaduae are well within the
expected range for non-electrolytic natfifé The physical characterization data of all the poomds has been
summarized in Table 1.

Table 1. Analytical, magnetic susceptibility, molarconductance of the ligand and its metal complexes

Ligand / Mol. | MP | Yield Found /Calculated (%) ot BM. Mgf;i";f]zucmtilr_‘fe
Complex Wit. (°C) (%) v C m N
4860 | 340 | 13.10
CaeH22Br2NsOs 642.30 294 70 - (48.62) (3.45) (13.08) - -
Coett2oBrCUNO: | 20383 | 320 65 (g'gg) (jjg% (2'22) (ﬁ'gg) 1.92 18
CalBOONO | 690,22 | 316 62 (g'.jg) (ﬁ:gg) (322&23) (igigg) 474 7
CoettoBroNaNIOs | o6 95 | 325 62 (g'jg) (ﬁ'gg) é'gg) &3'8;) 2.92 18
CosttzoBIMANGO: | 705 69 | 332 60 (gg‘?‘) (jjgg) é'gg) (ﬁ'gg) 5.75 17
CotHaoBr,CaNO; 1492 | 4155 | 262 | 1120 |~ )
752.69 344 65 (14.93) (41.49) (2.68) (11.17) Diamagnetic 18
2392 | 3720 | 2.49 9.1 ) )
CoeH20BroHgNsO, | 840.87 358 68 (23.85) (37.14) (2.40) (9.99) Diamagnetic 12
CotHaoBrZnNeO; 7.85 448 | 295 | 1212 | - :
695.22 367 70 (7.90) (44.92) (2.90) (12.09) Diamagnetic 16

Table 2. IR Spectral data of the ligand and its metl complexes (crit)

Ligand / complex | vou VnH Vc=o [ Ve=N | Vco | Ym0 | Vun
Ca6H22BroaNgO;4 3430 | 3172| 1660 1596 1201 - -
Co6H20BroCuNsO4 - 3184 | 1615| 1562 1236 55 47p
Co6HoBro,CoNeO4 | - 319¢ | 162¢ | 156% | 1262 | 56z | 49z
CasH20BraNgNiO4 - 3186 | 1648 15734 1265 564 48D
Cu6H20BroNgO4Zn - 3196 1642 1578 1264 558 462
CoeHooBroHgNsOs | - 3195| 1645 155§ 1228 55¢ 470
Cy6Ho0BroMnNgO, - 3194 1652 1560 1262 554 478

Infrared Spectra

The significant IR bands for the ligand YRN®E)-N" N®-bis((6-bromo-2-hydroxyquinolin-3-
yl)methylene)adipohydrazide as well as for its rhetamplexes and their tentative assignments areptiechand
represented Table 2. The broad band observed at3430 crit in the IR spectra of the ligand assigneo {y),
which were found to have disappeared in all thegpective complexes, there by indicating the inslgnt of
phenolic oxygen is bonding with metal ions throwtgprotonation. The bangyy observed at 3172 chin ligand
and complexes ) observed at 3172-3198 cmrespectively. A strong sharp band observed a0 186" is
assigned to adipic hydrazide ring-q, which was shifted to 5-48 ¢hrin all complexes, indicates the involvement
of adipic hydrazide ring carboxyl in complexatiovith metal ion, the band at 1596¢nis assigned to the
azomethiney c-y) group, lowering ob -y, 1-38cm' in the complexes as compared to its ligand, istdueduction
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of double bond character carbon-nitrogen bond efahomethine groliy’. The band observed at 1201 tnof the
ligand is attributed to phenoligc_) in view of previous observatioff. This band is shifted to higher frequency
and is found in the region 1201-1265t(i-64 cnt) for the complexes. Thus, the low frequency skeéhgbrations
due tovu.o) andvu.y) stretching provide direct evidence for complexatidn the present investigation the bands in
the 550-564 cim region forv.qyand 470 -492 cihregion for vy vibration respectively.

Magnetic movement and electronic spectra of the conexes

Copper(ll) complex

The complexes having temperature independent magmeiments in the range of 1.74-2.2 B.M. aghte to
the spin only value. These complexes are monoaudiaving no major spin-spin interactions; howewuer
compromise can be set between the magnitude afiiftertion and other variable factors. The Cu(dbmplexes
with this behavior indicate marked spin-exchangd simong coupling interaction between Cu(ll) atormAs the
spin only value for a single unpaired electron i821B.M. The slight excess over this value for e(ll)
complexes can be attributed to spin orbital cogplifhe observed magnetic moment values for theepteSu(ll)
complexes is 1.92 B.R#. This value is expected for one electron systexh ianin the normal range of Cu(ll)
complex system. As the spin only values for alsingpaired electron is 1.72 B.M. The slight exceser this
value found for the Cu(ll) complex can be attrilslte spin orbital coupling. In view of the aboveservations the
magnetic moment values for the present Cu(ll) cexgs, suggest the distorted octahedral geometundrGu(ll)
ions.

Electronic spectra of Cu(ll) complexes exhibit add, low intensity shoulder band. Tf‘IEg and szg states of
octahedral Cu(ll) ion @ split under the influence of the tetragonal disom and the distortion can be such as to
cause the three transition viZB,; > °By;,  Big > °Ey and®Big > ?Ay, to remain unresolved in the spectra. It
is concluded that all three transition lie withiretsingle broad band in the region 25400 — 31009, ¢trave been
assigned to charge transfer bands from ligand talmé&he observation favor distorted octahedralngetry around
Cu(ll) complexes. A broad asymmetric band in tegion 13495-16605 ch the symmetry being on the lower
energy sidé?”. The broadness of the band may be due to dynaatfin-Teller distortion. The band maxima
observed for the present Cu(ll) complexes is at99206700 crit, 12305-16435 cih and 12400 — 16360 ¢h
suggest that the complex displays coordination ramsix. In addition, we have observed a high isitgnband
around 15165cththat can be attributed to the ligand-metal chargesfer transition.

Cobalt(ll) complex:

In octahedral Co(ll) complexes the ground statéTi@ and a large orbital contribution to the magneticnment
values for various Co(ll) complexes are in the mnrgll-4.71 B.M. and 4.6-5.18 B.M. for tetrahedaald
octahedral complexes respectively. In present tiyeason the observed magnetic moment values ithénrange
4.74 B.M*Y, which indicates octahedral geometry for thesellCopmplexes. This is due to partial quenching of
orbital contribution to the magnetic moment. Elentc spectra of Co(ll) complex exhibits three baimdthe region
9624-10350cm, 16504-18383 and 24844-26954 chrdue to the transitiolT;((F) > *Ta(F) v1 = 9624-10350cm

L AT19(F) 2 “Axy(F) v2 = 16504-18385ciand*T;((F) = *T14(P) vs = 24844-26954cth These transitions suggest
octahedral geometry. The region at 25650-26870 cihrefers to the charge transfer band. These
transitions suggest octahedral geometry for théloogmplexes. These assignments are in good agneewith the
reported valuds’.

Nickel(ll) complex:

Ni(Il) complexes exhibits the magnetic moment vabfi.92 which are well within the range of expectalue for
octahedral geometry around the central metafio&lectronic spectra of Ni(ll) complexes in octatsd
coordination isSAzg, the Ni(ll) complexes show three transition in @otahedral field,viz.,3Azg(F) 93T2g(F); vy =
7475- 8200c, *Agy(F)>°T1(F); V2 = 16504-17100ciA,¢(F) >°T14(P); vs = 24844 -26000cih The observed
transition bands lie well within in the range opogted values. There values indicate considerahtalent character
and support the octahedral geometry for the Nidinplext®.

Manganese(ll) complex

The observed magnetic moment values for Mn(ll) cempf the ligand is in the range 5.75 B.M. Thectlenic
spectra of Mn(ll) complex shows three transitiorhisl corresponds to the following transiti(%a_ge"TlgMG);
v1=15637-16500ci, °A;,>E/(4D); v, = 17525-18600ch °A;,> “T:4(4D); vs= 21743-22700cth These values
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indicate considerable covalent character and stigher octahedral geomef). Hence under the present study
octahedral geometry is suggested for Mn(ll) complex

Table 3. Electronic spectral data of ligand field prameters of Cu(ll), Co(ll), Ni(ll) and Mn(ll) meta | complexes

Complexes viem™ | valem™) | vaem™) [ Dgenm®) | B* [ B | p% | vovi | vav, [ LFSE K cal mol*
CoeH2cBroCuNsOy4 12099 — 167 00 1428 - - - - - 24.56
CueH2cBroCoNsO4 9624 14618 20743 931 84 094 15p6 1|54 1.47 414.3
CaeH20Br2NgNiO4 7475 16504 24844 911 836 0.85 194 1|23 154 632.7
C6H20Br-MnNgO;4 15637 17525 21743 934 88 0.7 2236 115 1.26 4814.

'H NMR Spectra:

Spectrum ofHNMR is DMSO-¢ solvent used. In ligand (N,N°E)-N" N*®-bis((6-bromo-2-hydroxyquinolin-3-
yl)ymethylene)adipohydrazide showed the sharp pé&k96 (S, 2H) due to OH at 2-position of phenyl riofg6-
bromo-2-hydroxy quinoline moiety has resonated, ihuthe case of Zn(ll) complex which has been disaped
indicating the involvement of phenolic oxygen irethoordinationvia, deprotonatioi®*. A single large peak
showed ad 3.3 (S, 3H, CH) due to protons of the azomethine group in liganodin case of Zn(ll) complex the
peak observed aB2.5 (S, 3H, CH)?". The Twelve aromatic protons due to quinoline ahenyl rings have
resonated in regiod 7.0 - 7.9 (m, 12H, Ar-H) as a multiplet, in Zn)(Homplex the twelve aromatic protons have
been observed in the regién7.0-8.6 (m, 12H, Ar-H) as a multiplet. The Zn(&)mplex suggests coordination of
the phenolic OH with metal ion.

ESR spectrum:

The ESR spectrum of the powder Cu(ll) complex wesorded at room temperature using DPPH as a sthndar
showed a broadened feature without hyperfine sgditiue to the dipolar interaction from the ESRcspen of a set

of magnetic parameter; g 2.0533, g = 2.0264. The observed ESR spectrum is charaoteon$ distorted
octahedral geometry g value averaged to over a#icions and G which is measure of extent of exghan
interaction between metal ion have been calculatedoresent case the value of G was found to b264.0
according to Hathway, If G value if grater therthe spin exchange interaction is negligible wher&avalue is less
than 4 indicate considerable interaction betweetahiens in solid complex clearly indicate that Qu{on in the
complex is mononuclear nature of the complex.

Table 4: ESR data of the Cu(ll) complex

Complex ] oo Gav Gso G
CoeH20Br,CuNsO, | 2.0533| 2.0264 | 2.03976| 2.2984 | 4.0266

Table 4. X- ray powder diffraction data of Cu(ll) complex

2, 2,12 2, 2,12 H
20 o | sine | sie [ " +((,'§)+' h +('t‘))+' hkl C‘;fpacfgs Relative intensity (%) | a (A°)
10.78| 539] 0.092] 0.008B 1 1 T0[0 8456 8542 29538 8.3556
1565| 7.82] 01364 00186 2172 2 7140 5651 5665 4461 8.0031
1597| 7.98] 0139] 0019k 2271 2 140 5542 5536 5463 8.8414
16.16| 8.08| 0140 00198 2314 2 140 5494 5W83 5725 8.7615
16.81| 840| 01464 0021p 2504 2 140 5475 5p77 4755 8.4632
20.78| 10.39] 0.1891 0.035% _ 4.201 4 2d0 4073 4po2 5184 8.1538
2033 | 10.16] 0.1764 00317  3.644 7 2q0 4874 4pes 5232 8.7499
21.60| 10.30] 0.1871 0.035p 4.114 4 200 4117 41114 55.61 8.2347
21.77| 10.88| 0.1884 0035  4.174 7 2d0 4088 4loss  56.76 8.1751
2225 11.12| 0.1924 00376  4.364 7 2d0 3992 304 61.73 8.0009
2238 | 11.14] 0.1943 00376 4.42] 7 2d0 3967 3066 59.74 8.0195

X-ray powder diffraction studies:

X-ray powder diffraction pattern for Cu(ll) complévas characterized with a view to find the typeryktal system
the XRD data given the table the diffractogram afl§ complex consists of eleven reflections in thege of 10-

30 (P value) with maxima at@=10.78& The interplanar spacing(d)has been calculated fitwemposition of
intense peaks using Bragg’s equatiok=2dsin®, A = 1.5406°A The observed and calculated values of d are quite
consistent (Table 4). The unit cell calculationséhbeen carried out for the cubic system, the &f e I + I
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values of the complex were found to be 1, 2 andhi¢hvcorresponds to the planes and absence ofiftehinumber
its confirms the cubic symmetry from the above Itsstihe unit cell constants for cubic system werentl to be

a:b:izszzgl.BSSG)A for the Cu(ll) complex of the ligand the complekowed broad peak indicates amorphous
nature™ ",

Antibacterial activity:

The antibacterial activity results revealed that ligand and its complexes shown weak to good iagtfVable 5).
The ligand and its Cu(ll), Zn(ll), Ni(ll) complexeshows weakly active with the zone of inhibition-19 mm
against the both organisms when compared to thmlatd drug streptomycin. The Mn(ll), Co(ll), Cd(Bhows
moderate activity as compared to its ligand withezof inhibition 15-17.The Hg(ll) is a good actiivith zone of
inhibition 18-20 when compared to the standard dtugptomycifi®>*.

Antifungal Activity:

The antifungal activity, results revealed that tigeand and its Cu(ll), Co(ll), Ni(ll), Zn(ll), Cd(), Hg(ll), and
Mn(Il) complexes have exhibited weak to good atyiyTable 5). The ligand and its Co(ll) complexewais weak
activity with zone of inhibition, the Cu(ll), Ni(J) Mn(ll), Zn(ll), Cd(ll), Hg(ll) shows moderate teity as
compared to its ligand with the zone of inhibitibs-17mm, to good activity with the zone of inhibitiof 18-20mm
when compared to the standard drug chlotrim&Zor

Table 5. Antimicrobial activity of the ligand and its metal complexes

Antibacterial Activity | Antifungal Activity
Sl Compound Zone pf inhibition Zone .Of inhibition
No. (in mm) (in mm)

E.Coli S.aureus | A.niger | Aflavus

1. C6H2:BrNeO;4 08 09 09 10
2. Co6H2cBroCulNsQO4 10 12 15 13
3. Cu6H2cBroCoNsO4 15 114 15 14
4. CoeH2cBraNgNiO,4 13 14 17 16
5. CyeHo0BroMnNgO, 16 13 19 2C
6. CoeH2cBraNeOsZn 12 14 17 15
7. C6H2cBr,CdN;O,4 16 14 18 16
8. CzGHchrzHgN504 16 18 18 19
9. Streptomyci 24 23 -- --
10 Chlotrimazole -- -- 25 26
11. DMF (Control) 0 0 0 0
12. Bore size 08 08 08 08

CONCLUSTION

The elemental analysis , magnetic susceptibilitgcteonic spectra, IR*H NMR, ESR spectra and X-ray data
observations projects the following structures tfeese complexes where in Cu(ll), Co(ll), Ni(ll), @n, Cd(ll)
Hg(ll) and Mn(ll) are exhibit six coordinated octairal geometry.

LN\ L
T

H Br
C
s

N
(0] N

Where M= Cu(ll), Co(ll), Ni(ll) , Zn(Il), Cd(l1), Hg(IhandMn(Il),

1416
Scholars Research Library



K. Siddappaet al Arch. Appl. Sci. Res., 2012, 4 (3):1411-1417

Acknowledgement

The authors are thankful to the Chairman, Departm&hemistry, Gulbarga University, Gulbarga fooyiding
laboratory facilities. 11Sc Bangalore for provididgiINMR, ESR and XRD are providing for DepartmenPdiysics
Gulbarga University, Gulbarga.

REFERENCES

[1] Balasubramanian, M., Keay, A.R., Katritzky, ReeC.W., Scriven, E.F.V., Eds1996, Comprehensive
Heterocyclic Chemistry |IVol. 5, Pergamon, Oxford.

[2] De, D., Byers, L.D., Krogstad, D.1997,J. Heterocycl. Chen84, 315.

[3] Gilchrist, T.;J. Chem. Sag¢Perkin Trans1, 2001, 2491.

[4] Kouznetsov, V., Mendez, L., Gomes, €005,Curr. Org. Chem9, 141.

[5] Elderfield,RC., Le Von, E.F1960,J. Org. Chem25, 1576.

[6] Musiol, R., Jampilek, J., Buchta, V., Silva,, INiedbala, H., Podeszwa, B., Palka, A., Majerz-Meka, K.,
Oleksyn,B., Polanski2006,J. Bioorg. Med. Cheml4,3592.

[7] Bénard, C., Zouhiri, F., Normand-Bayle, M., B4nM., Desmaéle, D., Leh, H., Mouscadet, J.F.eiba, G.,
Thomas, C.M., Bonnenfant, S., Le Bret, M., Ange2004,J. Bioorg. Med.Chem. Letl4, 2473.

[8] Garrouste, P., Pawlowski, M., Tonnaire, T.,s8i¢ S., Dumy, P., De Rosny, E., Reboud-Ravaux,RAdl¢rand,
P., Martinez 1998,Eur. J. Med. ChewrB3, 423.

[9] Desrivot, J., Herrenknecht, C., Ponchel,, Garlé5 N., Prina, E., Fournet, A., Bories, C., e, B.,
Hocquemiller, R., Loiseau PM2007,Biomed. Pharmacothe61, 441.

[10] Geey, J.A De., Vam Sumare, C.EF966,Arch Int. Physiological Biochen74,512.

[11] Fathi, R.., Zhu Qus., 200Appl Publ, 43,

[12] Sanket, P,, Chaudhari, Nandini, R007,Ind. J. Het. Cheml7,149.

[13] Okuyama, E., Nishimura, S., Ohmori S., Ozakie&e, M., Yamazaki, M1993,Chem. Pharm. Bull41, 926.
[14] Hudson, J.B., Ed4,990.“In Antiviral Compounds from plaritsCRC Press, Boca Raton, Florida.

[15] Hankare, P.P., Naravane, S.R., Bhuse, V.MhKag S.D. Jagtap A.H., 2004hd. J.Chem.43A,1464.

[16] Geary, W.J.Coord.1972,Chem. Revl], 81.

[17] Elzahany, E.A., Hegab, K.H., Khalil, S.K.H.p¥ssef, N.S.2008,Austrelian J. Basic andApl. S€R) , 2220
[18] Siddappa, K., Shikkargol, R.K., Angadi, S.R009,Proc Indian Natn Sci. Acad5(2),73.

[19] Siddappa, K., Tukaram Reddy, P., Chandrakaddy, P., Mallikarjun, M., Mahesh, T., Mallikarjit, 2008.
International J. Pure & Appl. Chen3(2),87.

[20] Prasad, R.N., Jain A2007, J. Indian Chem. Sod3]1,319.

[21] Mohamed, G.Ggt.al, 2006, Turk J. Chem.60,366.

[22] Mishra, A.P., Krishna, K2009,). Indian Chem. So86, 1150.

[23] Chitra, G.,2007,J. Ind. Coun. Chem24(1),16.

[24] Chandra, S., Gupta, L.K2005,Ind. J. Chem. Soc82,454.

[25] .Eman, A., Khaled, H.H., Saffaa Khalil.,NaBil, Youssef.2008,AJBAS2(2), 213.

[26] Mashelkar, U.C., and Audi A.A2006,Ind. J. Chem 4513, 1464.

[27] zhang, Y.H.,.Wang Q.L.,Yang G.M2006,Trans. Met. Chem31, 856.

[28] Siddappa, K., Tukaram Reddy., Chandrakant Refd, Mallikarjun,M., Mallikarjun,K.,2008, Mat.Sci. Res.
India., 5(1),131.

[29] Woolfson, M.M. 1980;An Introduction to X-ray Crystallography” 2nd edition Cambridge, Cambridge,
University Press, 125.

[30] Siddappa, K., Tukaram Reddy., Chandrakant ReBdMVallikarjun, M., Mahesh Tambe, Mallikarjun.,Kntr.
2008,J. of Pure and Appl. Chen3(2),87.

[31] Siddappa, K., Tukaram Reddy., Mallikarjun, ®Reddy, CV.2008,E-J. Chem5(1),155.

[32] Chakrawarti, P.B2001,J Indian Chem Sq&8, 273.

[33] Siddappa, K., Mallikarjun, K., Tukaram Redd€handrakant Reddy, P., Mallikarjun, M., Mahesh bam
2009,E-J. Chem6(3),615.

[34] Bhattacharjee, C.R., Paul, S.B., Abhijit Nathoudhury, P.P.N., Sudip ChoudhuB009,Materials, 2 345

1417
Scholars Research Library



