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ABSTRACT

New Schiff base derivatives of heterobimetallic-u-oxoisopropoxide
[Ca0,Sn,(OPr'),] have been synthesized between the thermal condensation
of p-oxoisopropoxide with Salicylidene-aniline (HSB?Y), Salicylidene-o-
toluidene (HSB?), and Salicylidene-p-chloroaniline (HSB2) indifferent molar
ratios (1:1-1:4) yielding the compounds of the type [CaO,Sn,(OPr'), (SB) ]
(where nis 1-4 and SB = Schiff base anion) respectively. The Schiff base
derivatives have been characterized by elemental, spectral (IR, *H, *CNMR),
thermal and molecular weight measurement. The hydrolyzed products
obtained using the hydrothermally assisted sol-gel process was carried to
thermal studies which favorsthe formation of multicomponent oxides. The
Schiff base derivatives are found monomeric in nature and less prone to
hydrolysis in comparison to parent compound and may prove dazzling
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INTRODUCTION

Inrecent years, dkaineearth stannateshave gained
consderabl e attraction because of thermal stabilityin
air, and strong physical and chemical interaction with
absorbed species. Dueto thisfact that oxygen atoms
absorbed on the surface of the metal oxide, particle
influencesitseectrica propertiesby producingan eec-
tron-depl eted space-charge layer in the space-charge
region of the specied??. Thematerid shaveadiversity
of applicationsin ceramic dielectrics, gas-sensng ma-
terials and battery electrode bodies®*4. The
heterometallic oxoa koxidesassingle-sourcemol ecules
precursorsfor synthesis of oxides have seen arapid

growth during thelast morethan oneand half decade.
TheM-O-M' bridgesin bimetallic oxo complexes pro-
vide homogeneity of the newly formed oxide phasesat
themolecular level. Theabove measuredindinationin
the composition, stoichiometry, solubility and reactivity
of ortho- and oxoal koxidesarewidely usedin the sol-
gel synthesisof aseriesof very important composites®.
Nano-gtructured oxide, thenew type of materiasshows
propertiesdifferent from material swith um-scale mi-
crostructuresaregaining more and moreinterestsdur-
ing the past few years. Dueto theincongruity of tradi-
tional solid-state method to meet particlesizerequire-
mentsand versatility of synthesisprocess, anumber of
chemical methods have been devel oped to prepare ce-
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ramic nano-structures. Some chemical methods offer
possibly apreparation at |ower temperatures, ahomog-
enousprimary structureand limited higher order aggre-
gationandasmdl digtribution of partideszes. Themixed
metal oxides prepared from heterometallic-pu-
oxoal koxides®? have been used for absorbing harmful
chemical§* and decontaminating chemical warfare
agents*¥, Theadkaineearth metd titanateslikebarium
titanate, calciumtitanate (CaTiO,), strontiumtitanate
(STiO,andBa S, TiO,) duetotheir exceptiond prop-
ertiesexposepotentid applicationsinmultilayer ceramic
capacitors, electro-optic, dielectric and piezoel ectric
deviced'?*. The perovskite CaTiO, withitsunique
structure, higher stability and biocompatibility, findspo-
tentia applicationinthefie dsof communication, eec-
tronicsand in biotechnology*58. Theability of immo-
bilizingtherareearthsof CaliO, by forming solid solu-
tionswith highly radioactive wastes makesthe CaliO,
useful for disposa of highly radioactivewastes ', Re-
cently, calcium titanate has al so been used asacompe-
tent anticorrosion pigment for paintg?Y.

In this finding, the Schiff base derivatives of
heterobimetallic[Ca(ll)-Sn(IV)] -p-oxoi sopropoxide
are prepared from the condensation of
[Ca0,Sn,(OPr) ] with different Schiff basesin molar
ratios(1:1-1:4), and thereaction proceedswith stepwise
formation of Schiff basederivativesof bimetalic[Ca(11)-
Sn(1V)]-u-oxoisopropoxide, which arethe mol ecul ar
speciesthat can bepurified by distillation, dlowingthe
isolation of puremolecular precursors.

EXPERIMENTAL

I nstrumentation, reagentsand gener al techniques

All manipul ationswere conceded out indry nitro-
gen atmosphereto excludethe moi sturethroughout the
present investigations. The standard methods were
employed for physical measurement and to purify and
dry the solvents and reagents usedi?>?"). Hydrated cal -
cium acetate (Aldrich) was made anhydrouswith ace-
tic anhydride and tinisopropoxide[Sn (OPY') ] (Alfa)
used without further purification. The Sdicylidene-aniline
(HSB?Y), Salicylidene-o-toluidene (HSB?), and
Sdlicylidene-p-chloroaniline (HSB3) werepreparedin
laboratory and purified before use. The isopropoxy
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groupsinthe p-oxoisopropoxideand liberated i sopro-
panol formed in preparation of Schiff base derivatives
wereestimated oxidimetricdly. Cacumwasdetermined
complexometricaly and gravimetric estimation hasbeen
donefor titanium(®. Tin was estimated as SnO, viathe
formation of titanium-phenazone complex?®, Perkin-
Elmer 1710 FTIR spectrometer over the range 4000-
400 cmrt used to record the Infrared spectra. The'H,
3C NMR spectrawererecorded in CDCI, on Bruker
Avancell 400 NMR spectrometer. TG study hasbeen
made on Diamond TG/DTA PerkinElmer instrument.
Elemental analyseswere carried out by PerkinElmer
2400 |1 seriesCHNS/O Analyzer.

Synthesis of Schiff base derivatives of
[CaO,Sn(OPr') ]

The[Ca(Il)-Sn(1V)]-i-oxoisopropoxide was syn-
thesized by reported methods onthermal condensation
of Ca(OAc), and Sn(OPr'), in mixtureof xyleneand
decalinin1:2 molar ratio2?,

Reaction of p-oxo compound with Salicylidene-
anilinein 1:1 molar ratio

The[CaO,Sn,(OPr) ] (0.724 g, 1.091 mmol) and
SHicylidene-aniline(0.214 g, 1.091 mmol) wererefluxed
inbenzenewererefluxedin~50 ml benzeneinaflask
connected toashort distillation columnonanail bathfor
about 8 h. Theisopropanol liberated at 72-78 °C was
fractionated asthebinary azeotrope of i soproponol -ben-
zene. The azeotrope was collected and checked for
completion of thereaction. Theexcesssolvent wasthen
removed under reduced pressureyielding ayellowish
semi-solid product. Theother schiff basederivaiveswere
synthesised by similar procedureand theanalytical re-
sultshave been summarizedinTABLE 1.

The hydrolyzed product of Schiff basesof p-oxo
compound obtained by hydrothermd ly ass sted sol-gdl
process ng. For the hydrothermal ly assi sted sol-gel pro-
cessing, Schiff basederivativeswerediluted 20 times
by weight with isopropanol, the mixturewas | oaded
into aglasscontainer andtransferredintoa300 ml ain-
lesssted autoclave. Dilution of Schiff basederivatives
andthar transfer into autoclavewasperformedin mois-
ture-freeamosphereto prevent their hydrolysisbefore
introducinginto ahydrotherma chamber. Thegap be-
tween glass container and chamber wasfilled with 40
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ml of distilled water and then theautoclave wastightly
closed. Thechamber washeated 120°C for five hours,

the autoclavewas cooled and the product wasfiltered
off and dried overnight at 100°C.

TABLE 1: Analytical and physical data of studied compounds

SNo Compoundg Ligandg  Refluxing Product Anal. Found (calcd.)

(mmol) (mmol)  time(h) (%) HOPri(g) Ca®%) Sn(%) C(%) H(®%) N(%)

1 [Ca0,Sn,(OPr')e] HSB! 8 [Ca0,Sn,(OPr')s(SBY)] 0.05 491 29.63 41.92 5.60 1.71
0.724 (1.091) 0.214(1.091) 814 (0.06)  (499) (29.71) (41.94) (561) (L74)

2 [Ca0,Sm(0Pr')g] HsB! 10 [Ca0,Sn,(OPr')4(SBY),] 0.08 4.25 25.11 4857 508 287
0.502(0.757) 0.297(1.515) 788 (0.09) (426) (2537) (4861) (511) (2.99)

3 [Ca0,Sm,(0Pr')g] HsB! 1% [Ca0,Sn,(OPr')3(SBY)3] 0.09 3.58 22.01 53.87 475 391
0.422 (0.663) 0.374(1.908) 80.5 (011) (3720 (2213) (5381) (474 (3.90)

4 [Ca0,Sn,(0Pr')g] HsB! 13 [Ca0,Sm,(OPr'),(SBY),] 0.13 324 19.54 57.35 439 458
0.418 (0.629) 0.493(2.515) 821 (0.15) (33) (19.63) (57.42) (445) (4.62)

5 [Ca0,Sm,(0Pr')g] HSB? 8 [Ca0,Sn,(OPr')s(SB?)] 0.08 471 28.59 41.88 5.62 1.67
0.507 (0.765) 0.173(0.765) 810 (0.09) (481) (2864) (4187) (565 (1.68)

6 [Ca0,Sn,(OPr')e] HSB? 9, [Ca0,Sn,(OPr')4(SB?),] 0.06 411 23.68 48.12 5.24 2.84
0.345 (0.520) 0.235(1.04) : 80.5 (0.06) (40)  (2384) (48.09) (5.21) (2.80)

- [Ca0,Sn,(OPr')e] HSB? 115 [Ca0,Sn,(OPr')3(SB?)3] 0.09 3.49 20.33 52.45 487 355
0.390 (0.588) 0.397(1.756) : 79.7 (0.10)  (343) (2042) (5253) (4.89) (3.60)

8 [Ca0,Sn,(OPr')e] HSB? 13 [Ca0,Sn(OPr')4(SB?)4] 0.13 2.99 17.69 55.71 458 421
0.382 (0.575) 0.498(2.303) 80.8 (0.14) (30) (17.86)  (55.85) (4.65)  (4.20)

9 [Ca0,Sn,(OPr')e] HSB? 8 [Ca0,Sn,(OPr')s(SB)] 0.03 4.72 28.42 40.11 5.30 1.61
0.494 (0.744) 0.172(0.744) 820 (0.04)  (478) (2846) (40.19) (5.26) (1.67)

10 [Ca0,Sn,(OPr')e] HSB? 9 [Ca0,Sn(OPr')4(SB),] 0.06 3.87 23.54 45.19 448 277
0.420 (0.634) 0.293(1.268) 824 (007)  (397) (2361) (45.23) (456) (2.79)

1 [Ca0,Sm,(0Pr')g] HsB® 1% [Ca0,Sn,(OPr')3(SB)3] 0.08 332 20.14 48.76 411 355
0.381(0.574) 0.398(1.722) 815 (010) (3.39) (20.16) (4881) (4.06) (3.55)

12 [Ca0,Sm(0Pr')g] HsB® 12 [Ca0,Sm,(OPr'),(SB),] 0.12 297 17.66 51.45 364 417
0.375 (0.566) 0.523(2.264) 80.7 (013)  (296) (17.60)  (5147) (370) (414)

RESULTSAND DISCUSSION

To overcomethe phase segregation problem and
provide aexcellent precursorsfor bi-component ox-
ides, many reactions of [Ca(ll)-Sn(I1V)]-u-
oxoi sopropoxide with bidentate schiff bases (HSB)
i.e. salicylidene aniline (HSB?), salicylidene-o-

[Ca0,Sn,(OPr)s] +nHSB

refluxing benzelle

toluidene (HSB?), salicylidenep-chloroaniline (HSB?3)
are performed in different molar ratiosin refluxing
benzene, yielding the products of type
[Ca0,Sn,(OPr').(SB)], [CaO,Sn.(OPr),(SB).],
[CaO,Sn,(OPr'),(SB),] and [CaO,Sn,(OPr')(SB),].
The preparation of the Schiff base derivatives of
[CaO,Sn,(OPr) ] follows the following reaction
schemel:

[Ca0,Sn,(OPr')s..(SB),] + nPr'OH

(n=1-4, HSB = Schuff bases)

Schemel

The[CaO,Sn,(OPr') ] and its Schiff base deriva-
tivesarefound sol ublein common organic solventssuch
asbenzene, chloroform and carbon tetrachl oride etc
and proneto hydrolyss. Theisopropanal liberated dur-
ing the course of the reaction was collected
azeotropically (isopropanol-benzene) and estimated
oxidimetrically to check the progress of thereaction.
Thehydrolysisrate decreaseswithincreasein coordi-
nation number of metd ion. Thestudiesreved that only
four out of the six isopropoxy groups of [Ca(ll)-
Sn(1V)]-u-oxoisopropoxide are substituted by Schiff
bases. The substitution of fifth and sixth isopropoxy

groups could not be achieved even with an excess of
ligand (Schiff bases) and prolonged refluxingtime (28
h). This indicates the non-replacement of bridging
Isopropoxy groupsand that only terminal isopropoxy
groupsare substituted by Schiff bases.

Spectral analysis of Schiff base derivatives of
[CaO,Sn(OPr') ]
IR spectra

The absorption bands appeared intheregion 1365
1345 cm* and 1165-1140 cmrt in spectraof mono to
tri Schiff basederivativesarethe charactersticsof gem
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dimethyl portion and combination band v (C-O+OPr')
of theterminal and bridgingisopropoxy group respec-
tively!?®l, The disappearance of peak at 1165 cmin
spectratetraSchiff base derivativesindicatesthe com-
pletesubstitution of termind isopropoxy group. A band
appeared at approximately 950 cm?isduetov (C-O)
stretching of bridgingisopropoxy group. Similar spec-
traobtained for compoundsformed by reactionsof 1:5
and 1:6 molar ratios of u-oxo compound and Schiff
bases as of 1:4 Schiff base derivatives of p-
oxoisopropoxide. Thisreavel sthe non-replacement of
bridgingisopropoxy groups by Schiff bases.

Thev(O-H) band occurring in the region ~3400-
3100 cm* in spectraof Schiff basesisfound absentin
al Schiff basederivatives, indicating the deprotonation
of theseligands. Schiff bases show The strong bands
observed at ~1565 cm™ and ~1260 cm™ due to
v(C=N) and v(C-O) vibrations of azomethineand phe-
nolic groups respectively in Schiff base spectraare
shifted downward inv (C=N) stretch by ~15-25 cm*
indi cating the coordination of azomethine nitrogen of
theligand to themetal atom and upward shiftinv (C-
O) by ~ 20-30 cmr? suggesting the bond formation of
phenolic oxygen of the Schiff baseto themeta inthe
derivatives®. Intheregion 700-400 cm?, numbers of
bands are observed in spectraof al derivativesdueto
M-O and M-N stretching vibrationg?3,

NMR spectra
'H NMR

A broad multiplet centered between 6 0.8-1.2 ppm
was observed in spectraof Schiff base derivatives of
[Ca0,Sn,(OPY), ] dueto theintermixing of methyl pro-
tons of isopropoxy groups. A multiplet centered at 6
4.1 isdueto the methine proton of isopropoxy groups
in the spectra of all derivatives. Same spectrawere
observed for the complexesformed by reactionsof 1:5
and 1:6 molar ratiosof p-oxo compound and Schiff
bases as of 1:4 Schiff base derivatives of p-
oxoisopropoxide. Thisconfirmsthe non-repl acement
of bridgingisopropoxy groupsby Schiff bases. Thesg-
nalsobserved at 6 6.8-7.8 ppm aredueto phenyl ring
protons. The phenolic (O-H) protons peak at 6 11-
11.5 ppmin Schiff basesisfound absentintheir deriva:
tives of [CaO,Sn,(OPr') ] indicatesthe deprotonation
of phenalicgroup. Inthe caseof sdicylidene-o-toluidene
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derivativesan additional signal at 6 2.3-2.5 ppm has
been observed due to methyl protons substituted on
thebenzenering.

BC NMR

The spectraof mono to tri Schiff base derivatives
of [CaO,Sn,(OPr') ] showstwo prominent peaks at &
~26.1-26.5 and 6 ~28.2-28.7 ppm assignable to the
methyl carbon of termina and interamolecularly bridged
isopropoxy moi ety and two different type of methine
carbons of isopropoxy group are confirmed by thetwo
signals observed at 6 ~62.2-8 ppm and 6 ~63.2-7
ppmEY. Thespectraof 1:4 Schiff basederivativesof p-
oxoisopropoxide show the absence of terminal
isopropoxy group. Very similar spectraobtained for
compoundsformed by reactionsof 1:5and 1:6 molar
ratios of p-oxo compound and Schiff bases as of 1:4
Schiff basederivativesof p-oxoisopropoxide. Thiscon-
firmsthe non-replacement of bridgingisopropoxy groups
by Schiff bases.

Two signalsobserved intherange s 160.1-164.7
ppm and 6 150.8-147.3 ppm are dueto carbonyl car-
bon and methine carbon attached to nitrogen of ligand
moiety inal the Schiff derivativesof p1-oxoisopropoxide
compound. Moreover, anumber of Sgnasareobserved
between § 135.5— 118.2 ppm due to the different car-
bons of two phenyl ringg®Y,

Thermal studies

Thethermogravimetric analysisof Schiff basede-
rivativesof [ CaO,Sn (OPr') ] havebeen examined by
under aflow of dry nitrogen, up to 800°C at aheating
rate of 10°C/min. The minor weight loss (1.50-1.89
%) starts at 56.5-59.3°C and completed at 184.6-
189.3°C with a weight loss of due to presence of mois-
tureand fraction of solvent present, if any. The second
and major one starts at 178.7-188.4°C and is com-
pleted at 359-363°C, resulting in a residue amounting
t0 12.362-12.905% of theinitial weight, probably due
to the decomposition of partially hydrolyzed p-oxo
Schiff baseinto metal/mixed metal oxides suggesting
thevolatilenature of compound®2.

Thethermogravimetric analysisof varioushydro-
lyzed product of different Schiff basederivativeshave
been performed up to 800°C at 10°C/min. Thermo-
gramsof varioushydrolysed Schiff base derivatives
studied as, theweight lossin stage (a) observed due
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to thetraces of water and solvent present in hydro-
lyzed product of p-oxo compound. Themajor weight
lossin stage (b) occurs probably dueto theeimina-
tion of hydroxy groups and organic moi eties present
inthe hydrolyzed product whichisdirectly followed
by last stage (c) ranging from 345-359° C to 800°C,
leaving aresiduethat islessthan the cal cul ated for
mixed metal oxide and metal oxides (CaSnO, and
Sn0,). Thedetailed study of thermogramsof hydro-
lyzed product of various Schiff basederivativesissum-
marizedinTABLE 2.

TABLE 2: Sudy of thermogramsof hydrolyzed product of
varioussalicylatederivativesof [CaO,Sn,(OPr') ]

Temper ature Weight
Sr. No. Compound range (°C) loss (%)
) (a) 52-222 (@6
1. [Ca0,Sm(OPr)s(SBY)]  (b) 222-350  (b) 39.88
(c) > 350 (c) No significant loss
v (a) 53-225 @5
2. [Ca0,Sn,(OPr)4(SBY),] (b) 225-357  (b) 52.70
(c) > 357 (c) No significant loss
v (a) 58-227 @5
3. [Ca0,Sn,(OPr)s(SB?)s] (b) 227-355  (b) 59.58
(c) > 355 (c) No Significant loss
_ (a) 54-229 (@6
4, [CaO,Smy(OPY')(SB?), (b) 229-355  (b) 63.79
(c) > 355 (c) No significant loss
) (a) 57-228 @5
5. [Ca0,Sm(OPr)s(SB%)] (b) 228-358  (b) 43.99
(c)>358 (c) No significant loss
) (a) 56-224 @4
6.  [Ca0,Smy(OPr)4(SB%,] (b) 224-357  (b)55.87
(c)> 357 (c) No significant loss
v (a) 51-229 @5
7. [Ca0,Sn,(OPr)s(SB%)s] (b) 229-356  (b) 63.07
(c) > 356 (c) No significant loss
v (a) 53-235 (@6
8.  [Ca0,Sn,(OPr'),(SB%). (b) 235-365  (b) 66.11
(c) > 365 (c) No significant loss

v (a) 54-228 @5
9. [Ca0,Sm(OPr)s(SBY] (b) 228-358  (b) 43.54
(c)> 358 (c) No significant loss
) (a) 54-227 @5
10.  [Ca0,Smy(OPr)4(SBY),] (b) 227-356  (b) 55.47
(c) > 356 (c) No significant loss
) (a) 53-231 (@6
11.  [Ca0,Smy(OPr)s(SB?s] (b) 231-359  (b) 61.87
(c) > 359 (c) No Significant loss
v (a) 55-229 @5
12.  [Ca0,Sm(OPr)4(SB?),] (b) 229-363  (b) 68.36
(c) > 363 (c) No significant loss

/ O _OPF
o / \ B P
o n\ / / \

'\____/N"*

Figurel: Suggested structureof [CaO,Sn,(OPr') (SB),]

Themolecular weight measurement carried out in
dry benzene using cryoscopic method suggests mono-
meric nature of Schiff basederivatives.

; o)
:..-"O JII! & Pr' I'Cl‘-—_ /.ll
AN
Figure2: Suggested structureof [CaO,Sn,(OPr')(SB),]
O,

|'/ H.x-'x'x,_

7 =SB anion
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CONCLUSION

The aforementioned studiesreved sthe suggestive
structuresof Schiff base derivativesof oxo complex of
the type [Ca0,Sn,(OPr') (SB)],
[CaOZSnZ(OPr_i) A(SB),], [CaO,Sn,(OPr')(SB),] and
[CaO,Sn,(OPr'),(SB),]. TGA study revealsthevola-
tilenature of derivativesand their hydrolysed product
may fabricate the mixed metal oxides. The proposed
structuresdoubleand tertaderivativesaregivenin Fig-
ure1and Figure 2 respectively.

ACKNOWLEDGEMENT

Sincerethanksaredueto HaryanaCollegeof Tech-
nology and M anagement Technical Campus, Kaithal
for providing the necessary facilitiesto theauthor.

REFERENCES

[1] L.Zhouguang, L.Junfeng, T.Yougen, L.Yadong;
Inorg.Chem.Comm., 7, 731 (2004).

[2] R.Buchanan; Ceramic Materials for Electronic
Applications, Marcel Dekker; New York, (1986).

[3] Li.Feng, C.Liying, C.Zhigiang, X.Jiagiang,
Z.Jianmin, X.Xingquan; Mater.Chem.Phy., 73, 335
(2002).

[4] N.Sharma, B.D.Cullity, C.Nyral; Electrochem.
Commun., 4, 947 (2002).

Inorgamc CHEMHSTRY C—



ICAIJ, 8(3) 2013

Rajesh Kumar and Rajvinder Kaur 87

[5] N.YaTurova, Russian Chem.Rev., 73(11), 1041
(2004).

[6] P.N.Kapoor, A.K.Bhagi, R.S.Mulukutla,
K.Klabunde; Dekker Encyclopediaof Nanoscience
and Nanotechnology, Marcel Deker, Inc.; NewYork,
(2004).

[7] PN.Kapoor, H.K.Sharma, A.K.Bhagi, M.Sharma;
J.Ind.Chem.Soc., 81, 273 (2004).

[8] GMohammadnezhad, M.M.Amini, H.R.Khavasi;
Dalton Trans., 39, 10830 (2010).

[9] L.GHubert-Pfalzgraf, S.C.R.Daniele; Chimie, 7,
521 (2004).

[10] C.L.Carnes, PN.Kapoor, K.J.Klabunde, Bonevich;
J.Chem.Mater., 14, 2922 (2002).

[11] G.W.Wagner, L.R.Procell, R.J.O.Connor,
S.Munavalli, C.L.Carnes, P.N.Kapoor,
K.J.Klabunde; JAm.Chem.Soc., 123, 1636 (2001).

[12] Y.Huang, X.Duan, Q.Wei, C.M.Lieber; Science,
291, 630 (2001).

[13] M.H.Huang, S.Mao, PD.Yang; Science, 292, 1897
(2001).

[14] J.Liu, PGao, W.Mai, C.Lao, Z.L Wang; Appl.Phys.
Lett., 89, 63125 (2006).

[15] B.Jaffe, W.R.Cook, H.Jaff; Piezoelectric Ceram-
ics Academic Press; NewYork, (1971).

[16] D.Croker, M.Loan, B.K.Hodnett; Cryst.Growth
Des., 9, 2207 (2009).

[17] X.S.Wang, C.N.Xu, H.Yamada, K.Nishikubo,
X.GZheng; Adv.Mater., 17, 1254 (2005).

[18] M.Inoue, A.P.Rodriguez, T.Takagi, N.Katase,
M.Kubota, N.Nagai, H.Nagatsuka, N.Nagaoka,
S.Takagi, K.Suzuki; J.Biomater.Appl., 24, 657
(2010).

—= Fyl] Paper

[19] A.E.Ringwood; Min.Mag., 49, 159 (1985).

[20] K.Parlinski, Y.Kawazoe, Y.Waseda; J.Chem.Phys.,
114, 2395 (2001).

[21] A.Kalendova, D.Vesely, P.Kalenda; J.Pigment.
Resin.Technol., 36, 123 (2007).

[22] H.K.Sharma, P.N.Kapoor; Polyhedron, 7, 1389
(1988).

[23] R.Kumar; E.J.Chem., 9(3), 1058 (2012).

[24] R.Kumar, H.K.Sharma; J.Korean Chem.Soc.,
56(1), 54 (2012).

[25] H.K.Sharma, R.Kumar; Indian J.Chem., 47A, 854
(2008).

[26] I.A.Vogel; A Text Book of Quantitative analysis
Eds., Longman, London, (1989).

[27] D.D.Perrin, W.L.F.Armarego, D.R.Perrin; Purifi-
cation of Laboratory Chemicals 2" Edition,
Pergamon Press, New York, (1980).

[28] O.A.Osipov, V.I.Minkin Verknovodova,
M.I.Knyazhanskii; Zh.Neorg.Khim., 12, 1549
(1967).

[29] D.C.Bradley, F.M.A.Haim, W.Wardlaw; J.Chem.
Soc., 3450 (1950).

[30] K.Nakamoto; Infrared and Raman Spectra of In-
organic and Coordination Compounds Eds., John
Wiley, New York, (1986).

[31] E.Brcitmair, W.Voelter; 3C NMR spectroscopy
(High Resolution Methods and Application in Or-
ganic Chemistry and Biochemistry) VCH; New
York, (1990).

[32] M.Mirzaee, M.M.Amini, M.Sadeghi, F.Y.Mousavi,
M .Sharbatdaran; Ceram.Silikaty., 49(1), 40 (2005).

== [H01jANIC CHEMISTRY

Au Tudian Journal



