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ABSTRACT

The triheteropoly vanadate having hetero atom Ni?* and Co?" cation was
prepared by conventional method in the dilute acidic medium having pH-4.5
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at reflux temperature. Thethermal stability of the product was studied and it
was observed that the product involved three step decomposition as per
TGA graph producing about 20.003% weight |oss which was also duly sup-
ported by DTA graphindicating onelarge exothermic pesk maximaat 122.55°C.
The product isolated is bright brown in appearance. The IR spectrum of the
product indicatesthe presence of Na, V=0, V-Co, V-Ni, Co-O, Ni-O, V-O and
Hydrogen bonded H,O group. On the basis of analytical 1.R.spectral, ther-
mal stability its chemical composition is confirmed as Na, [Ni Co VO,

85H,0  © 2014 TradeSciencelnc. - INDIA

INTRODUCTION

Thecredit to start synthesisof complexescontain-
ing Isopoly anionsa ong with heteropoly anionsof Va
nadium, Molybdenium andtungestun goesto Trigdminos
and his co-workerd. The present work deals with
synthesisof polyanionsinweak acidic medium by add-
ing proper quantities of acetic acid into aqueous solu-
tion of sodium metavanadate and aqueous sol ution to-
gether. Thebright brown coloured resduein solid state
wasformed when triheteropoly complex washeated at
reflux temperaturefor two and half hours. Theweak
acidic mediumfor the preparation of polyvanadate an-
ionisnecessary sincetheakaine medium aswell as
strong acidic medium produce decomposition of
polyanions. The mechanism of the formation of
polyvanadate anions suggest that when the proper wesk

acidic mediumiscreated, thes multaneoudy dimina
tion of water moleculesenablesit toform oxometalates
anion of thevanadate contai ning metal oxygen bridge
whichfinally form giant poly complex ion having spe-
cific ionic structure depending on the number of
oxometa lates bridgeformed. For examplethe Keggin
structure? of poly oxometallates may beformed when
thepolyanionscarries[M_,O, |™ composition. Further
if the composition of the polyanions changed to
[M18062]™ thenthestructure of the oxometd ate dif-
fers¥. Sincethedilute acidic mediumis provided for
the synthesisof the complex compound, the synthesised
triheteropoly complex collected intheform of solid res-
due may contain moderate or large number of water
moleculein either form of hydration or constitution.
Thereforethetherma studiesof theisolated complexis
essentid to suggest thestability of thecompound which
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may be based on the position of water molecules at
periphera region aswell asbetween theintersticesof
thecrystalline solid and a so the effect theinsertion of
hetero cationinto polyvanadate anion. Thetherma sta
bility increasesbecause of occupation of hetero cation
into the voidsin the centre of vanadate anion. The
thermal stability of thetriheteropoly complex wasde-
termined by direct heat treatment>'4 or by dehydra-
tion method which chiefly involved differentia thermal
andysisand thermo gravimetric analysig*>9 of the pre-
pared complex compound. The presence of Mo, V,
W, Na, H and O were detected by elementsanalysis

EXPERIMENTAL

Preparation

Preparation of thetriheteropoly vanadate complex
involvesthe mixing of an agueous solution of 50ml of
14.640 gm sodium metavanadate mixed with 10ml of
glacial acetic acid and 50ml aqueous solution of 1.26
gm nickel carbonate and 50ml aqueous solution of
1.20gm cobalt carbonate. Inthismixturethe step addi-
tion of 50ml aqueous ol uti on sodium metavanadaiewas
performed with continuousstirring. After completemix-
ing of sodium metavanadate solution, the pH of the
mixturewasfurther adjusted a pH- 4.5 by adding about
50ml of glacial acetic acid. Now the mixture solution
wasrefluxed for two hoursand thirty minutesand | eft
for crysdlizaion. After 3daysthebright brown coloured
solid residue was obtained, which was washed with
moderately concentrated alcohol and dried. The
triheteropolyvandate was freshly prepared. All other
reagents used were of A.R.grade. The solution were
prepared in distilled water. The metal were estimated
usingusingonA.R.L 3410 (Switzerland) atomicemis-
sion photometer and C,H and N by Coleman analysis.
The IR spectra (KBr) were recorded on a Perkin-
Elmer577 spectrophotometer. DTA and TGA experi-
mentswerecarried out on aSTA 409 (West Germany)
andyser.

Elemental analysis

Thedementa anaysiswasperformed onthebas's
of prescribed method vogel*. Asper the percentage
compoasition of theformulasynthesized triheteropoly
vanadate of the complex may be given as Na,
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[NiCoV O] 8.5H,0. Theapparent molecular weight
of the prepared tri heterpol yvanadate complex deter-
mined by the cryscopic method wasfoundto beNa,
[NiCoV O, 8.5H,0 It molecular weight to be 908.

Deter mination of apprarent molecular weight

The cryoscopic method as has been applied suc-
cessfully by Alexander!*® and by Thilo and Kriiger*9
for molecular weight determination of certaininorganic
polyacidsand polyphosphates etc, in water and molten
sodium sulphate decahydrate hasa so been gpplied here
for the determination of the approximate molecul ar
weightsof thecompoundsin thesameconditioni.e,, in
water and molten sodium sul phate decahydrate. This
determination showed themol ecular weight of thecom-
pound to be 908 for Na, [Ni CoV, O ] 8.5H.0.

RESULT

IR spectrum resultsof polyvanadateresidue

TheIR spectrum of theresidue (Figure 1) exhibit
the broad band at 3571.7cm! and 2885.51cmr? can
be suggested to strong hydrogen bonded water mol -
ecules?”. TheR bandsfrom nearly 1300cm™ to 1650
cm* may be assigned to aH,O in the polyvanadate
anion. The prominent and strong band observed at
956.69cm* is (V=0) and another strong band*® at.
844.82cmtis(V-Co) dueto the presence of stretching
of (V-Ni) is813.96cm™. Theband at 742.59cm* as-
signedto (Co-O) band. Further the IR spectra band at
599.15cm* may be assigned to stretching frequency
bands (Ni-O) and the band at 466.77cm™* assigned to
(V-0) band. Thetheoreticd vauesof someof thedif-
ferent stretching frequency to determinetheforce con-
stantsare al so taken into consideration for assigning
proper group frequencies.

Thermal analysisinvolving TGA and DTA result

The TGA curveof theisolated polyvanadate com-
plex (Figure2) and (Figure 3) indicatethefour stepsof
thermal dissociation processin between 25°Cto 75°C,
75°C, to 130°C, 130°C to 300°C and finaly from
300°C to 600°C. Thefirst therma decomposition step
involveseimination of 1.5mol of H,O moleculesbe-
tween 25°C to 75°C temperature comprising about 3%
of weight loss of theisolated product.
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Na, [Ni Co V¢ O] 8.5 H,O
25° C to 75°C l

Wt Loss = 3%
Na, [Ni Co Vi O;5] 7 H,O
75° C to 130°C l

-1.5 H,O

Wt Loss = 13% -7 H,O
Na, [Ni Co V4 O;5]

130° C to 300°C

Wt Loss = 4% - Na,O

[Ni Co V¢ O,4] [NiO. CoO. 3V, Os]
Theformation of triheteropoly complex of vana-
diuminvolvemetal oxy cationsandtheir structural as-
pects depend on the specific polyvanadate anion
formed. Theformation of polyvanadate complex with

composition.
DISCUSSION

Na, [Ni CoV, O] 8.5H,Oat required pH -.4.5
and refluxed for two and haf hoursAfter standing the
concentrated refluxed solution for three daysat room
temperature the product wasisolated. Theformation
of product involvesinteractions of sodium metavana

date anionswith Ni?* and V*>cationinthe acetic acid
medium. Theratio of thethreemetal ionisCo: Ni : V::
1: 1:6producing bright brown col oured product with
the suggested composition. Theproduct isolated isquiet
gableinair and haspoor solubility in cold water condi-
tion. However theproduct in completely solublein boil-
ing water. The aqueous sol ution of thetrihetropoly com-
plex isionicin nature containing sodium cations Na.
Thepresence of Na' cation was confirmed by the IR
gpectra andysisof thesampleand dsofromtheflame
photometric experiment whichform goldenydlow flame
of thesodium. Thetherma stability of thecomplex was
studied by TGA and DTA analysis- (19) however the
modes of different type of H,O group molecules can-
not bedemarcated clearly intheterms of water of crys-
tallization and water of condtitutins. Thethermal anay-
gsindicatesthat thethermolysisof themetd oxidecom-
plex proceedsby loosing first thewater of crystalliza-
tion and then subsequently the water of constitution
which areimportant to the structure of heteropoly com-
plex compound.
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Figurel: FTIR graph of polyvanadateresdue
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Figure2: TGA graph of polyvanadateresdue
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Figure3: DTA graph of polyvanadateresidue
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