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ABSTRACT KEYWORDS
Two new polyvanadate and polymolybdate containing Zn** and Ni** cat- Polyvanadate and
ions have been prepared in dilute acetic acid medium PH 4.4- 4.6 at reflux polymolybdate preparation;
temperature. The Polyvanadate product obtained isdull yellow in appear- Thermal studies;
ance which gradually losses associated water molecul es at room tempera- |.R. spectral studies.

ture yielding the final product containing only two water molecules as
water of hydration. The Polymolybdate residue obtained posses light
brown colour. The polyvanadate and polymolybdate both are paramag-
netic at room temperature having magnetic moment value 3.02 BM & 3.78
BM. These magnetic moment values of triheteropoly complexes suggest
the six co-ordinated octahedral around Ni (11) environment in weak field.
The I.R. Spectrum of the products suggest the presence of NH,*, M = O,
M —O- M’ and hydrogen bonded H,O group inthe Complexeswhere M=V
or Mo and M’=Zn or / and Ni. The TG and DTA curve of Polyvanadate
show it decomposition in two major steps while the decomposition of
polymolybdate in multi steps process. The Polymolybdate starts losing
weight at 30°C and it losses 4.079% water with endothermic steps with
DTA peak Maxima at 51.22°C, which correspond to 3H,0 weight loss.
After that the other TG and DTA steps of Polymolybdate exhibit multistep
elimination and decomposition of the residue which was entirely different
from the polyvanadate product. On the basis of analytical results
thermogravimetric studies, i.r. spectral, bond position, thermal stability
and thermodynamic, parameter results of the isolated products the com-
position of the Polyvanadate and polymolybdate are assigned as:-
(NH,)),[Zn.NiV O_]. 2H,0 and (NH,),[Zn.Ni Mo,O, ] . 10H,0 respectively.
© 2012 Trade Sciencelnc. - INDIA

INTRODUCTION and exceedingly diverse classes of compounds. Now a

daysisopoly and heteropoly complexes should best be

Isopoly and heteropoly complexes of transition  categorized as“Isopoly and heteropoly oxometalates “
Metad sespecidly thoseof vanadium (V), Molybdenum  as suggested by Michael T.Pope™? and latter by Bernt
(VI)and Tungsten (V1) havedevelopedintoimportant  Krabg®. The Synthesisis based on the condensation
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process*>¢ which lead to theformation of oxobridges
by elimination of water moleculesfrom themolecules
of weak acids. Such condensation reactionsgeneraly
takeplacefredy and reversibly inacidic medium. sm-
plest exampl e of such reaction isthe condensation of
chromateion to formisopoly dichromateion. An equi-
librium reaction of whichisdependent uponthe pH of
thesystem.
CrO,*+H*>[CrO,0H] -
2[CrO,0H] > [O,Cr -0O-Cr-0]* +H,0

In acidic medium dichromateion whilein basic
medium the cromateion isstable. The condensation
behaviour of molybdates & vanadatesarebasically a-
most Smilar. The heteropoly complexesarenamed ac-
cording to I.U.PA.C. System™. In general the
Heteropoly Complexes have been Prepared®4 by mix-
ingthetheoretical quantitiesof therequired reactantsin
proper acidic mediumfollowed by heating and crystal-
lization. Mai ntenance of acid mediumismust for the
preparation of heteropoly molybdates, tungstatesand
vanadates. All theseanionsaredecomposedinakaine
medium. The thermal studies of synthesized
triheteropoly complexesareimportant regarding their
stability sincethey contain large number of water mol-
eculesaswater of hydration, whichfixedtheir position
between theintersticesor at peripheral region of the
crystal. Hencethethermal stability of heteropoly com-
plexeswere determined by direct heat trestment®8 or
by dehydration experiments which involve by
thermogravimetric and differentia thermd analysig*%
of thecomplexes. |sotherma M easurement’® havedso
been found successful for determination of thermal na:
ture of the complexesin thisresearch paper the em-
phasisregarding characterization of the newly synthe-
sized polyvanadate and polymolybdate triheteropoly
complexes having two hetero atom Zinc and Nickel
based onthei.r. spectral studiesand thethermal analy-
siswhichinclude TGA and DTA studies.

RESULTSAND DISCUSSION

|.R. spectral resultsof polymolybdate products

Thei.r spectrum of product showed very broad
and strong i.r band around 3000 to 3396 cm-1.. The
broadband at 2769 to 3180 cm-1 can be attributed to

strong hydrogen bonded H,O and NH,*cations. The
Prominent 5 (NH,) and 3 (NH,) of NH,*cationsareiso-
lated at 1627 and 1406 cm'. The broad and week band
of 1680cmr* can beassigned to & (H,0) in polymolybdate
anions. The prominent and strong band observed at
875.68 cm™. In i.r. spectrum assigned to (Mo=0)
stretching band and sharpband at 927.76 cm* toNH,*
rocking band. The strong band at 638.42cm™ can be
assigned to v (Mo-O-Mo) stretching vibration. The
mediumi.r band observed at 578.6 and 478.3cm™ are
attributed to v (Ni-O) and v (Zn-O) vibration.

|.R. spectral result of polyvanadateresidue

Theinfrared spectrd anaysisof polyvanadate show
characteristics vibrations of NH,* VO*and Co-
ordinated H,O molecule. The sharpi.r. band at 3230
wave number isattributed to v(NH) vibration and broad
weak band at 2821 cm* to v(H,0). Themedium band
at 1565 cm* and strong band near 1409.9 cm™? ob-
served aredueto 5 (NH,*) and B (NH,*) vibrations.
Weak band at 1643 cm* can be:assigned to 5(H,0) of
bonded water molecule which is substantiated by
po(H,0) at 590 cm™. The V=0 stretch of vanadyl
group isassigned to strong band at 966 cm™ and me-
dium band at 734 cm* isattributed to (V-O-V) stretch-
ing band ® the V=0 force constant was cal cul ated
and foundto have K=14.3 x 10°dynecm™. The V=0
force constant. Thelarger valueof V=0 force constant
indicated strong V=0 band having large double bond
character. Thei.r. band located at 526, 457 and 405
cm?* areattributed to v(V-0), v(Zn-0O), and v(Ni-O)
vibrationin polyvanadate cluster.

Thermal studiesof polymolybdate

TheTG and DTA curve of polymolybdate show
multistep dimination and decomposition of product. The
TG andysiswas performed with heating rate 10°C per
minutesinstaticar. Unlikepolyvanadateit started los-
ing weight 30°C at and it losses 4.079 % water with
endothermic step with DTA peak maximaat 51.22°C.
Theweight loss approximately correspondsto 3H,0.
The second stage of loss of H,O startsaround 109°C
with DTA Peak maximaat 127.85°C. The DTA curve
show endothermic nature of weight lossand theweight
loss correspond to 1.5H,0. Thethird step of thermal
loss is also endothermic in nature with strong DTA
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maximaat 210.58°C. Theweight |oss correspondsto
elimination of 7H,0 from polymolybdate species. The
fourth DTA peak isaccompanied by lossinwelght cor-
respond to elimination of 4NH, moleculesfrom the
polymolybdate species. Thelast phase of eimination
correspondsto 2 H,0O. Itislost from | atticespacewhich
showsexothermic DTA maximaat 469.89°C. Thelast
DTA maximaisobserved at 544°C without negligible
lossin weight of the sample. The DTA curveisalso
endothermicin naturewhich can beattributed to phase
transformationintheresidua polymolybdate. These-
quenceof thermal decomposition reaction taking place
canbesummarizedinfollowing step:-

(NH.). [Zn.Ni Mos 05,]10 H,0

v

(NH.), [Zn.Ni Mo; 0,,]7 H,0
DTA Maxima 127°C
Endothermic with loss of 1.5 Hz0

(NH,), [Zn.Ni Mog 0,,]5.5 H,0
Endothermic peak with DTA

DTA Maxima 51.22°C
Endothermic with loss of 3 H.O

maxima at 210°C
(-) 7 H.0

\4

Zn.Ni Moz O, (NH5), 0.5 H,0

Small endothermic peak with DTA
maxima at 393.8 °C with loss of 4NHs

v

Zn.Ni Mog O5; 0.5 H;0

Exothermic DTA peak at 469.89°C with
loss of 0.5 H,0

v

[Zn.Ni Moz O5]

Endothermic peak with phase
¢ transformation at 544.45°C

[Zn.Ni Mog O3]
Thermal studiesof polyvanadate

Thethermogravimetricanalysis(TGand DTA)in
temperature range 30-500°c with heating rate 10°c per
minutewas performedin staticair. The TG curve of
polyvanadate showed dight decreasein wel ght gpproxi-
mately 0.8 H,Ottill 360°c. Thecomplex started losing

—= Fyll Poper

weight around 300°c with endothermic maxima at
341.44°% and lossin weight of complex continuousup
to 370°c givingthermd stableproduct. Thelossinweight
observed about 9.365%. Which correspond to com-
position of residueZnO.NiO.3V O, Thelossinweight
is due to release of 2H,0 and 2NH, (expected loss
9.25%) Thelossinweight can be expressed by equa
tion:-

(NH,), [Zn.Ni.Vs045] 2 H,0
A 260°

(NH,), [Zn.Ni.Vs04z] H,0
A ‘L 300-370°C

Zn0O.Ni0.3V,05+ 2 NH; +2H,0

The DTA peak over 1808.959uV x sec having
peak height -10.524 V indicate strong endothermic
character inweight loss of polyvanadate. Thethermo-
dynamic parameters and thermal reaction rate constant
valueof TG analysiswas calculated by conventiond
method. The second DTA maximawas observed at
541°C with peak height —2.451uV and having peak
area220.753uV x second without any changein weight
of thesample. Therangeinendothermic DTA maxima
can be attributed to phase change of solid product of
interaction of metd oxidewith each other having change
ininternal arrangement of environment of Ni (1) and
Zn(ll) cations.

DISCUSSION

The transformation of mono and hetero
polymolybdate, polyvanadateandsmilar poly complexes
aretypicd characterigticsof Vthand VIthgroup of tran-
sition metd oxy cationsand havewidely been studies
withther structurd and catalytic view point. It hasbeen
found that in presenceof Zn*?, Ni*2and (NH,),M0,0,,
inacetic acid medium adefinite Polymol ybdate of com-
position (NH,), [Zn.Ni.M0o,O,,] 10H,Owas|solated
between pH range4.4— 4.6 at reflux temperature and
standing itssolution for 5-7 daysat room temperature.
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TheInteraction of ammonium vanadate NH,V O, with
Zn** and Ni** in acetic acid medium between pH 4.5—
4.6inZn: Ni: V ratio 1:1:6 gavealight brown product
of composition(NH,),[Zn.Ni.V O] 2H,0. Thesame
Product was obtained in more than 3 consecutiverep-
etition of processin appropriate ratio of constituent
components. The Product of both Mo(V1) and V (V)
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Graph1: FTIRgraphfor polymolybdate
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Graph 2: FTIR graph of polyvanadate
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