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ABSTRACT

Thesolid complexesof Cu(ll), Ni(ll), Co(ll), Mn(I1) and Fe(l11) were prepared
from bidentate Schiff base,1-(2-Hydroxybenzamido)-2-(2-methylphenyl)-
azomethin. The Schiff base ligand was synthesised from 2-hyhdroxy benzo
hydrazide and acetophenone. These metal complexeswere characterized by
molar conductivity, magnetic susceptibility, thermal analysis, x-ray diffrac-
tion, FTIR, *H-NMR, UV-vis and mass spectroscopy. The analytical data of
these metal complexes showed metal: ligand ratio (1:2). The physico—chemi-
cal study supports the presence of square planar geometry around Cu (I1),
Ni (I1) and octahedral geometry around Co (11), Mn (1) and Fe(l11) ions. The
IR spectral data reveal that the ligand behave as bidented with ON donor
atom sequence towards central metal ion. The molar conductance values of
metal complexes suggest their non electrolyte nature. The x-ray diffraction
data suggests monoclinic crystal system for these complexes. Thermal be-
havior (TG/DTA) and kinetic parameters cal culated by Coats-Redfern method
are suggestive of more ordered activated state in complex formation. Anti-
bacterial and antifungal activities of theligand and its metal complexeswere
performed in vitro against Staphylococcus aureus, Escherichia coli and
Aspergillus Niger, Trichoderma respectively.
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INTRODUCTION

Hydrazonesareaspecial group of compoundsin
the Schiff basefamily, characterized by the presence of
(>C=N-N=C<). The presence of two interlinked ni-
trogens separate them from imines, oximes, etc. Com-
pared to simple hydrazone Schiff bases, acyl, aroyl,
and hetero-aroyl Schff baseshaveadditiona donor Sites
like>C=0, making them moreflexibleand versatile.

Thisversatility hasmade hydrazones good polydentate
chelating agentsthat can form avariety of complexes
withvarioustrangtionand inner trangtionmetals. A num-
ber of hydrazonederivatives haveinteresting bioactiv-
ity towards anti-bacterial, anti-fungal ™™, anti-convul -
santl?, anti-inflammatory®®, anti-mdariad*®, analgesi d?,
anti-platel etd®, anti-tubercul osis”, and anti-cancer ac-
tivitied®. Hydrazonesad so act asherbicides, insecticides,
nematocides, rodenticides, and plant growth regulators
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Figurel: Synthesisof ligand

and areused as plagticizers, stabilizersand antioxidant
initiatorsfor polymerization. Hydrazonederivetivesare
used inanaytica chemistry asselectivemeta extract-
ing agentsaswell asin the spectroscopy for the deter-
mination of certaintrangition metal 9.

It wasthought worth whilethat themeta complexes
formed by the combination of transition metal ionwith
apotent hydrazoneligand should bemorebiologically
activethanthemetal saltsor theligand individually.
Therefore, wereport herethe synthesisand character-
ization of Cu(ll), Ni(ll), Co(Il), Mn(I1) and Fe(l11)
complexes with 1-(2-Hydroxybenzamido)-2-(2-
methyl phenyl)-azomethin. Theanti-fungd and anti-bac-
terial propertiesof theligand and itsmetal complexes
wereal sotested.

EXPERIMENTAL

Apparatusand reagents

All chemicdsusedwereof theandyticd grade(AR)
and of highest purity. Methyl-2-hydroxybezoate, hy-
drazine and acetophenone were purchased from E-
Merk (AR grade) and wereused for synthesisof ligand.
AR grademeta chloridesof S.D.Finechemicalswere
used for complex preparation. Spectral grade solvents
were used for spectral measurements. Thecarbon, hy-
drogen and nitrogen contentswere determined on Perkin
Elmer (2400) CHNS anayzer. IR spectrafor ligands
and metal complexeswererecorded on Jasco FT-IR-
4100 spectrometer using KBr pelletsin therange of
4000-400 cm'*. *H-NMR spectra of the ligand was
measured in CDCl, using TMSasaninternd standard.
The TG/DT analysiswas recorded on Perkin Elmer
TA/SDT-2960 with heating rate 10°C/min. XRD was
recorded on Philips 3701 employing CuK _ radiation
(A=1.541A°) intherange 20° to 90°. The UV-vis spec-
traof the complexeswere recorded on Jasco UV-530
Spectrophotometer. Magneti c susceptibility measure-

mentswere carried out on Guoy balanceat room tem-
perature using Hg [Co(SCN),] asacalibrant. Molar
conductance was measured on Elico CM-180
conductometer using 1 mM solution in dimethyl
sulphoxide.

Synthesisof ligand
Sepl

For thesynthesisof ligand, 50ml ethanolic solution
of 0.001mol (0.168g.) of methyl sdicylatewastakenin
round bottomed flask and to this0.001 mol (0.108g.)
of hydrazinein ethanol was added slowly under stir-
ring. Theresulting mixturewasrefluxed for about 3-4h.
It washaturdly cooled to room temperature. After cool-
ing, the solid residue was washed several timeswith
hot ethanol and used for further study. (Yield: 80%).

Sep 2

Above synthes sed intermediate 0.001mol wasre-
fluxed with 0.001mol of acetophonein super dry etha-
nol for 4 h. The precipitate thusformed wasfiltered,
driedinvacuumin presenceof CaCl, and recrystallised
inethanol (yield: 72%) (Figure 1).

Prepar ation of complexes

To ahot solution of ligand (0.02 mal) in chloro-
form, methanolic solution (25mL) of metal chloride
(0.01mol) wasadded under constant stirring. The pH
of thereaction mixturewas adjusted to 7.5-8.5 by add-
ing 10 % a coholic ammoniasol ution and refluxed for
about 5h. The precipitated solid metal complex was
filtered and washed with hot methanal, followed by
petroleum ether, ethyl acetateand dried over CaCl,in
vacuum desi ccator (yield 65%).

RESULT AND DISCUSSION

All the complexesare coloured solids, air stable
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TABLE 1: Physical char acterization, analytical and molar conductance data of compounds

M.P. / Decomp.

Molar conduc.

Found(Calculated)

Compound F.W. Temp.°C Color M ho cm?mol-: c H N v

H.L 254.00 194°C White - 70.25(70.93) 5.00(5.15) 10.80(11.02)

[CuL] 570.28 >300°C Orange 09.10 63.00(63.18) 4.20(4.59) 9.40(9.82) 11.00(11.14)
[NiL] 565.23 280°C rle_(;lgr];w 16.20 63.00(63.74) 4.25(4.63) 9.50(9.91) 10.00(10.38)
[CoL(H0)] 601.50 >300°C Orange 30.15 59.30(59.90) 4.90(5.02) 4.50(9.31) 9.90(9.79)
[MnL(H;0),] 597.50 >300°C Brown 19.05 60.40(60.30) 4.80(5.06) 9.40(9.37) 9.25(9.19)
[FeL(H-0),] 598.41 >300°C Brown 20.17 60.10(60.21) 5.15(5.05) 9.50(9.36)  9.40(9.33)

and are having good solubility in polar solventsDMF
and DM SO. Theeementa analysisshow 1:2 (metd:
ligand) stoichiometry for al thecomplexes. Micro ana
Iytical dataand molar conductancevaluesaregivenin
TABLE 1. Themetal contentsin complexeswereana
lyzed by gravimetricandysist?. All thecomplexesshow
low conductancewhichindicatestheir non-dectrolytic
nature. The magnetic measurement studies suggest that
the Cu(ll), Co(I1), Mn(I1) and Fe(111) complexes ex-
hibit paramagnetic whereastheNi (I1) showsdiamag-
netic behavior.

'H-NMR spectra

H-NMR spectra of synthesised ligand was re-
cordedin CDCl,. It showsfollowing signalsat 2.3 3,
(s,3H,N=C-CH,), 4.85 (s,1H, -C-N-H), 7.08 5 (dd,
2H,Ar-H), 7.22 5 (dd, 3H, Ar-H), 7.43 5 (s, 3H, Ar-
H),7.555 (dd, 2H, Ar-H) and 10.23 5 (s,1H, Ar-OH).

M ass spectra of theligands

Mass spectral data confirmsthe structure of the
ligand H,L (Figure 1) asindicated by the peaks corre-
sponding totheir mol ecular masses.

FT-IR spectra

The FT-IR spectrum of the freeligand showsfour
characteristic bands at 3260-3300, 3434, 1650 and
1607 cmt assignableto v (-N-H), free (-O-H) stretch-
ing phenolic moiety, amide carbonyl (-C=0) and
azomethine (-C=N), sretchingmodesrespectively. The
absence of awesak broad band in 3260-3300 cm re-
gion, noted inthe spectraof themetal complexesindi-
cates deprotonation of bonded (-NH) group duringthe
complexation and subsequent coordination of the oxy-
gen of amide carbonyl to metal ion enolization™.

Thisisfurther supported by theupward shiftin phe-

nolic (-OH) to theextent of 30-50 cm™ on complex-
ation. Thev(C=N) bandisshifted to lower wave num-
ber with respect tofreeligand, indicating that the nitro-
gen of theazomethinegroup iscoordinated to the meta
ion, whichwasfurther confirmed by observation of the
red shiftinthe v(N-N) stretching frequency from 923
cm* to 953 cmrt regions 213, Thisisfurther supported
by upward shift in v(C-N) to the extent of 10-50 crmr
14 New bands observed in the complexes at 1621
and 1625 cm are attributed to the >C=N-N=C<
group™®. The spectraof metal chelates showed new
bandsin the457-540 and 407-478 cm* regionswhich
can beassigned to v(M-0O) and (M-N) vibrationsre-
spectively®. The spectraof Co(ll), Mn(Il) and Fe(111)
showed astrong band at 3150-3600 cm'* region, sug-
gesting the presence of coordinated water inthese meta
complexed*” Thepresenceof coordinated water isfur-
ther confirmed by the appearance of non-ligand band
in 830-840 cm'* region!*™. The presence of coordi-
nated water isal so established and supported by TG/
DT analysisof these complexes. Hence co-ordination
takes place via oxygen of amide and nitrogen of
azomethinegroup of ligand molecule,

Electronic absor ption spectraand magnetic mea-
surements

Theé ectronic spectraof Cu(ll) complexinDM SO
show bands at 10570, 12547, 27472 cmrtassignable
toa’B, — %A, transitionand chargetransfer respec-
tively. The electronic spectral datacoupled with ob-
served magnetic moment 1.7 B.M. suggest square
planar geometry for Cu(ll) complex?89, Ni(Il) com-
plex display threebandsat 12706, 18903 and 23584
cnassignableto'A  — *T,, transitionandtwo charge
transfersrespectively. Thesedectronictrangtionsaong
with diamagnetic nature, suggest square planar geom-
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TABLE 2: Magnetic and electronic absor ption spectral data
of compounds

Magnetic Fr_equeqlcy
incm Band
Compound moment pes . . . Geometry
(einLmol”~  assignment
(BM) em?)
32894 INCT?
[C1sH13N205] 33898 INCT
34246 ty—>0y2
10570 2Big— Ayg
(HoL) 17 12547 INCT Square
planar
27472 INCT
12706 A Toyg
[CaoH2sN4O4CU] Dia 18903 INCT i?:na;f
23584 INCT
12335 “Tyg>Ty(F)
[CaoH26N404Ni] 26 16119 “T1g—*Asy(F) Octahedral
27933 INCT
16611 A —>*T1g
[C30H30N406C0] 59 24390 ®A;;— T,y Octahedral
26881 INCT
13793 CA1—> Tig
[CaoH2oN4OgM ] 5.8 19960  (*D) °A— “T Octahedral
32467 INCT

TABLE 3: Thekinetic parameter of metal complexescalcu-
lated by the methodsHor owitz-M etzger (HM) and Coats-
Redfern (CR)

z ASH AGH# Corelation
Complex Step n Method (kJmoI D st JK'mol™t (kImol™) coefficient (r)
HM 11.29 0.8200 -155.24- 2143 0.9996
| 15
CR 17.31 0.4858 146.87 20.88 0.9658
co(ll
HM 2291 05306 -161.22- 43.13 0.9908
I 15
CR 10.70 0.0927 145.06 41.11 0.9966

etry for Ni(I1) complex??2, The Co(ll) complex ex-
hibits three bands at 12335, 16119 and 27933 cm'!
assignable to 4Tlg =T, (P, 4Tlg - 4Azg (F) transi-
tionsand chargetransfer respectively. Thesetransitions
and observed magnetic moment 4.7 B.M. indicatehigh
spin octahedral geometry of the complex(?22, Fe(I11)
complex exhibit bands at 13793, 19960 and 32467
cmassignableto °A —“T (D), °A  — *T, transi-
tionsand chargetransfer respectively: The observed
magnetic moment 5.85 B.M aongwith e ectronic tran-
sitionscorrespondsto octahedra geometry. %%l Incase
of Mn(I1) complex, the observed magnetic moment 5.7
B.M and the spectral bands at 16611, 24390 and
26881 cmassignable to °A | — T, , °A — T,

—= Fyl] Paper
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Figure2: X-ray diffractogramsof Fe(l11) complex
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Figure3: Theproposed structur e of thecomplexes. (a) when
M =Cu(Il)andNi (1), (b)whenM =CO(II),Mn(Il)and Fe(l11)

and chargetransfer respectively, indicates octahedra
geometry for theMn(I1) complex?>21, The calculated
valuesof ligand field splitting energy (10Dq), Racah
interelectronic repulsion parameter (B), covaent factor
(B), ratio v,/v, and ligand field stabilization energy
(LFSE) (TABLE 2) support the proposed geometry
for al theas-synthesised metal complexes.

X-ray diffraction study

The X-ray diffractogram of arepresentative metal
complex of Fe(l11) was scanned in therange 5-100° at
wavelength 1.54A° (Figure 2). The diffractogram and
associated datadepict 20 valuefor each pesk, relative
intensity and interplanar spacing (d-value). The
diffractogram of Fe(l11) complex showed fifteen reflec-
tionswith maximaat 260 (23.07°) correspondingto d

== [H01jANIC CHEMISTRY

Au Tudian Journal



154

Synthesis of transition metal complexes of bidentate ligand

ICAIJ, 5(3) September 2010

FPull Paper
TABLE 4: Antibacterial activity of compounds

inhibition zone (mm)

TABLE 5: Anti-fungal activitiesof compoundsyield of M yce-
lial dry weight in mg (% inhibition)

Test compound E. Coali Staphylococcus Aspergillus Niger Trichoderma
Test compound
500 ppm 1000 ppm 500 ppm 1000 ppm 250 ppm 500 ppm 250 ppm 500 ppm

Ciproflaxin 29 32 31 35 Control 79 79 70 70
[CisH1aN,0;] (HaL) 07 10 1 13 [CisH1sN,O5] (HoL)  60(23) 24(70) 39(43) 18(73)
[CaoH26N404CU] 13 13 15 18 [C3oH2N40,CU] 39(49) 10(87) 20(71) 02(97)
[CsoH26N4O4Ni] 12 12 12 16 [CagH26N4O4Ni] 42(46) 13(84) 22(69) 03 (96)
[Cs0H30N406CO] 12 13 13 16 [C30H3oN406C0] 49(37) 16(80) 31(54) 04(94)
[CsoHaoN4OsMn] 10 12 1 14 [C3oH3oN40MN] 52(33) 18(77) 34(51) 08(89)
[CsoH3oN4O6F€] 10 12 1 14 [CaoH3oN4OcFe] 53(32) 18(77) 35(50) 12(83)

value 3.855A°. The X-ray diffraction pattern of the
complex with respect to mgjor peakshaving relative
intengity greater than 10 % have beenindexed by using
computer programmeé?7, Theaboveindexing method
dsoyiddsMillerindices(hkl), unit cell parametersand
their volume. Theunit cell of Fe(l11) complex yielded
valueof |attice constants, a= 10.05A°, b=4.08A°, c
=7.28A° and unit cell volumeV =435.91(A°)3. In
concurrencewiththesecell parametersof Fe(111) com-
plex, thecondition suchasa= b= cand o=y =90° =
B required for the compoundsto be monoclinic was
tested and found to be satisfactory for Fe(l11) com-
plex. Theabovevaueindicatethat the metal complex
show monoclinic crystal system. Experimentd density
va ue of the complex was determined by using specific
gravity method?® and found tobe2.32 genréfor Fe(l11)
complex. Onthebasisof thesestudies, probablestruc-
turesfor the complexes under study have been pro-
posed.

Thermal analysis

Thesmultaneous TG/DT analysisof arepresenta:
tivemetal complex Co(ll) was studied from ambient
temperatureto 1000°C in nitrogen atmosphereusing a.-
AL Q, asreference. The thermogram of Co(ll) metal
complex shows massloss 5.7 % (calcd.5.98 %) inthe
range 150-230°C. An endothermic peak inthisregion
AT __ =112°C, correspondsto removal of two coordi-
natewater molecules?*, Theanhydrouscomplex then
show dow decompositionfrom 240-500C, with 54.23
% (ca cd.55.05 %) massloss. A broad exotherm AT
= 265°C in DTA may be attributed to removal of
noncoordinated part of theligand. The second step de-
composition from 550~800°C, with masslossof 22.01

% (calcd.22.82 %) corresponds to decomposition of
coordinated part of ligand. A broad endotherm AT __ =
754°C in DTA is observed for this step. The mass of
final residue corresponds to stable CoO, 16.01 %
(calcd.16.62 %).

Kinetic calculations

Thekinetic and thermodynamic parametersvizn
(order of reaction), energy of activation (E,), pre-ex-
ponentid factor (z), entropy of activation (AS) and free
energy change (AG) together with correl ation coeffi-
cient (r) for non-isothermal decomposition of metal
compl exes have been determined by Horowitz-Metzer
(HM) approximation method*! and Coats-Redfern
integral method®Y. ThedataisgiveninTABLE 3. The
results show that the val ues obtained by two methods
iIscomparable. Thecalculated va ue of energy of acti-
vation of the complex isrelatively low indicating the
autocataytic effect of metal ion ontherma decomposi-
tion of themetal complex®2%, The negative value of
entropy of activation indicatesthat the activated com-
plex ismoreordered than thereactant and that there-
actionsisslow. Themore ordered nature may be due
to the polarization of bondsin activated state which
might happen through chargetransfer el ectronictrans-
tion.

Antimicrobial activity

Theantimicrobid activity of theligand and itscom-
plexes were tested in vitro against bacteria such as
Saphylococcus aureus and Escherichia coli by pa-
per disc plate method®. The compoundsweretested
at the concentration 0.5 mgmL*and 1 mgmLinDMF
and compared with known antibioticsvizciproflaxin.
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(TABLE4). For fungicidal activity, compoundswere
screened in vitro against Aspergillus Niger and Tri-
choder ma by myceliadry weight method®! with glu-
cosenitrate media. The compoundsweretested at the
concentration 250 and 500 ppm in DMF and com-
pared with control (TABLE5). From TABLE 4 and 5,
itisclear that theinhibition by metal chelatesishigher
than that of aligand and metal salts. Theresultsarein
good agreement with previousfindingswith respect to
comparativeactivity of freeligand anditscomplexeg®l,
Such enhanced activity of metal chelatesisduetoin-
creased lipophilic nature of the metal ionsin com-
plexes®. Theincreasein activity with concentrationis
dueto theeffect of metal ions onthe normal process.

Investigation of antifungd activity of theligandandits
meta complexesrevededtha al metd chelatlesaremore
fungi toxicthanther parent ligand TABLE 5. Theantifun-
gd activity of theligandisfound toenhanceseverd times
on being coordinated with meta ions. Comparison of ac-
tivitiesof theligand anditsmetd chelaesshowed thet the
copper complex isgpproximately found to betwotimes
moreactiveastheligand, against AspergillusNiger and
activity of ligand againg Trichodermaisfoundtoincrease
after chelationand antibacterid sudiesthat themeta che-
lateshavehigher activity thanthecorrespondingfreeligand
and control againg thesamemicroorganismunder identi-
cd experimenta conditions

Asaresult, metal complexesof Cu(ll), Ni(ll) and
Co(Il) showsgood antibacterid and antifungd activity,
whereasMn (11) and Fe (111) compl exes shows com-
paratively lessactivity.

CONCLUSION

Inthelight of above discussionwe have proposed
square-planar geometry for Cu(ll) and Ni(Il) complexes
and octahedral geometry for Co(Il), Mn(11) and Fe(l11)
complexes. Onthebasi s of the physico-chemical and
spectral datadiscussed above, one can assumethat the
ligand behave asdibasic, ON bidentate, coordinating
viaamideoxygen and azomethin nitrogen asillustrated
infigure2. Thecomplexesarebiologicaly activeand
are having enhanced antimicrobia activitiescompared
tofreeligand. TG/DT study reveal stherma stability of
metal complexes. The XRD analysis suggests mono-
cliniccrysta systemfor Fe(I11) complex.

—= Fyll Poper
REFERENCES

[1] C.Loncle, J.M.Brunel, N.Vidal, M.Dherbomez,
Y.Letourneux; Eur.J.Med.Chem., 39, 1067 (2004).

[2] S.GKu,CuKguZd,A.Mazi, F.Sahin, S.O’ztu Rk,
J.Stables; Eur.J.Med.Chem., 38, 1005, (2003).

[3] R.Todeschini, A.L.Pde Miranda, K.C.M.da Silva,
S.C.Parrini, E.J.Barreiro; Eur.J. Med.Chem., 33,189
(1998).

[4] PMelnyk, V.Leroux, C.Sergheraert, P.Grellier;
Bioorg.Med.Chem.Lett., 16, 31 (2006).

[5] PC.Lima L.M.Lima K.C.M.daSilva, PH.O.Le da,
A.L.P.de Miranda, C.A.M.Fraga, E.J.Barreiro;
Eur.J.Med.Chem., 35, 187 (2000).

[6] C.Cunha, J.M.Figueiredo, J.L.M.Tributino,
A.L.P.Miranda, H.C.Castro, R.B.Zingali,
C.A.M.Fraga, M.C.B.V.de Souza, V.F.Ferreira,
E.J.Barreiro; Bioorg.Med.Chem., 11, 2051 (2003).

[7] K.K.Bedia, O.Elc’in, U.Seda, K.Fatma, S.Nathaly,
R.Sevim, A.Dimoglo; Eur.J.Med.Chem., 41, 1253
(2006).

[8] N.Terzioglu,A.Gu’rsoy; Eur.J.Med.Chem., 38, 781
(2003).

[9] P.B.Sregja, A.Sreekanth, C.R.Nayar, M.R.Pra-
thapachandra Kurup, A.Usman, I.A.Razak; S.Ch-
antrapromma, H.K.Fun; J.of Molecular Structure,
5, 645(2), 221-226 (2003).

[10] A.l.Vogel; ‘A Text Book of Qualitative Inorganic
Anaysis’, 3", Ed., Logmans, London, 540 (1975).

[11] R.S.Baliger, V.K.Revankar; J.Serb.Chem.Soc.,
71(12), 1301-1310 (2006).

[12] F.Hueso-Urena, N.A.lllan-Cabeza, M.N.Moreno-
Carretero, A.L.Penans- Chamorro; Acta Chem.
Solv., 47, 481 (2000).

[13] K.K.Narang, A.Aggarwal, H.K.Fun; J.Inorg.
Chim.Acta, 9, 137 (1974).

[14] S.Chandra, M.Tyagi, M.Refat; J.Ser.Chem.Soc.,
74(8-9), 907-915 (2009).

[15] E.R.Blout, M.Fields, R.Karplus; JAm.Chem.Soc.,
70, 194 (1948).

[16] R.Natrgan, K.Antonysamy, C.Thangaraja; Transi-
tion Met.Chem., 28, 29-36 (2003).

[17] A.S.Munde, A.N.Jagdale, S.M.Jadhav, T.K.Chon-
dhekar; J.of the Korean Chemical Society, 53(4),
(2009).

[18] R.Natrajan, K.Antonysamy, C.Thangargja; Transi-
tion Met.Chem., 28, 29 (2003).

[19] N.Raman, Y.Pitchaikaniraja, A.Kulandaisamy;
Proc.IndianAcad.Sci.(Chem.Sci.), 113, 183 (2001).

==  [H01jANIC CHEMISTRY

Au Tudian Journal



156 Synthesis of transition metal complexes of bidentate ligand

ICAIJ, 5(3) September 2010

FPull Paper

[20] K.M.Reddy, M.B.Halli, A.C.Hiremath; J.Indian
Chem.Soc., 17, 118 (1994).

[21] M.Mokhles Abd-Elzaher; J.Chin.Chem.Soc., 48,
153 (2001).

[22] A.B.PLeve; Inorganic Electronic Spectroscopy,
Elsevier, Amsterdam, 275 (1968).

[23] K.C.Satpathy, A.K.Panda, R.Mishra, |.Pande; Tran-
sition Met.Chem., 16, 410 (1991).

[24] M.N.Patel, V.J.Patel; Synth.React.Inorg.Met.Org.
Chem., 19, 137 (1989).

[25] L.Sacconi; Transition Met.Chem., 61, 943 (1968).

[26] J.R.Carvgal, T.Roisnel; “Winplotr, A Graphic Tool
for Powder Diffraction’, Laborataire Leon Brillouin
(ceal/enrs) 91191 gif suryvette cedexFrance,
(2004).

[27] D.RP.Shoemaker, C.W.Garland; ‘Experiments in
Physical Chemistry’, 5" Edn., McGraw-Hill Inter-
national Edition, New York, 17-27 (1989).

[28] N.S.Bhave, R.B.Kharat; J.Inorg.Nucl.Chem., 42,
977 (1980).

[29] V.K.Revankar, V.B.Mahale; Indian J.Chem.A, 28,
683 (1979).

[30] H.H.Horowitz, GMetzger; Anal.Chem., 35, 1464
(1963).

[31] A.W.Coats, |.PRedfern; Nature, 20, 68 (1964).

[32] A.M.EI-Awad; J. Therm.Anal.Cal., 61, 197 (2000).

[33] A.Impura, Y.Inoue, |.Yasumori; Bull.Chem.Soc.Jpn.,
56, 2203 (1983).

[34] PS.Mane, S.G.Shirodkar, B.R.Arbad, T.K.Chondhe-
kar; Indian J.Chem., 40, 648 (2001).

[35] R.PVenketeswar, N.A.Venkata; Indian J.Chem.A,
42, 896 (2003).

[36] L.Mishra, V.K.Singh; Indian. J.Chem.A, 32, 446
(1993).

Tnorganic CHEMISTRY
A Tndian ﬂoawﬂ/



