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ABSTRACT

One new triheteropoly complex was synthesized containing two hetero
cations Ni?* and Co?* in the polymolybdate anion having compaosition
[Mo,O,,] maintaining the pH at 4.5. Product obtained was white in
apperance. The IR spectral analysis of the product suggest the presence
of NH,*, M=0, Mo-O, Ni-Co, Mo-O-Mo along with hydrogen bonded H,0
group in the complex. The molecular weight determination of the
triheteropoly complex by cryscopic method was almost in accordance with
the calculated value. The thermal stability of the product was studied and
it was observed that the product involved multistep decomposition as per
TGA graph producing about 29.988% weight loss which was also duly
supported by DTA graph indicating large exothermic peak maximaat 48.34°C.
Onthebasisof analytical, IR spectral and thermal stability datathe compo-
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sition of the product is assigned as (NH,"), [NiCoMo,0,,] 19H,0.
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INTRODUCTION

Isopoly and heteropoly complexes should best be
categorized aslsopoly and heteropoly oxometd atesas
suggested by Michael T. Pope*? and latter by Bernt
Krabg?¥. The synthesisin based on condensation pro-
cess*® which leadsto the formation of oxobridgesby
eliminationsof water molecules. Such condensationre-
actions generally take placefreely and reversibly in
acidic medium. The condensation behaviour of molyb-
datesand vanadates are basically dmost similar. The
heteropoly complex are named accordingto IUPAC
system”. In general the heteropoly complexes have
been prepared by mixing thetheoretical quantifiesof

therequired reactantsin proper acidicmediumfollowed
by heating and crystdlization. The DTA and TGA ther-
mal studies of the synthesized triheteropoly complex
areimportant for the studies of their thermal stability
becausethe product isolated is associated with large
number of water moleculesmainly aswater of hydra-
tion. Thetherma studiesa so helptofixed theposition
of water molecules which may be between the
intersecticesor at the pheripheral of thecrystal. The
thermal stability of the complex may beeither deter-
mined by direct heat treatment(®# or by isothermal
measurement. The characterisation of the isolated
tri heteropolymolybdate containing two hetroatom Ni?*
and Co?* isbased on elemental analysis, cryoscopic
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measurement, IR spectral studiesand thermal analy-
sigd?®2, Whichinclude TGA and DTA studies of the
product obtained. The Mol. Wt. of the observed
triheteropoly complex (NH,*), [Ni Co Mo, O, ]
19H,0is1552

EXPERIMENT

(NH,")4[Ni CoMo,O,,] 19H,0 wasfreshly pre-
pared. All other reagentsused wereof A.R. grade. The
solutionswereprepared in distilled water. Themetal's
were estimated using an A.R. L3410 (Switzerland)
atomicemission photometer and C, Hand N by coleman
analyser. The IR spectra (KBr) were recorded on a
Perkin-Elmer 577 spectrophotometry DTA and TGA
expermients were carried out on a STA 409 (West
Germany) analyser.

MOLECULARWEIGHT DETERMINATION

Themolecular weight of the heteropoly complex
was successfully determined by themethod ashasbeen
done by Alexander'® and by Thilo and Kriiger!®! for
themol ecular weight determinationsof certaininorganic
polyacidsand polyphosphates etc. in water and molten
sodium sulphate decahydrate. The determination
showed the (NH,"), [Ni Co Mo, O,,] 19H.0 to be
1552 whichisintherangeof fair agreement.

PREPARATION

Preparation of thetriheteropoly molybdates com-
plex involvesthemixing of ammonium molytdate, nicke
carbonate and cobalt carbonate in theratio 6:1:1 in
aqucoussolutionwith 10 ml of glacia aceticacid. After
completemixing of ammonium molybdatesolution, the
pH of the mixture wasfurther adjusted to 4.5 pH by
adding about 5 ml of glacial acetic acid. Now themix-
turesolution wasrefluxed for two hoursand thirty min-
utes. Thesolutionwas cooled and I eft for crystalisation.
After threedays, thewhite coloured solid residuewas
obtained.

ELEMENTALANALYSS

Thedementa anaysiswasperformed onthebas's

—= Fyll Poper

of prescribed method?? (Vogel) Asper the percentage
composition of the synthesi zed triheteropol ymol ybdate.
Theproposal of composition of thecomplex may be
given as6:1:1. The apparent molecular weight of the
prepared triheteropoly molybdate complex determined
by cryscopic method was found to be (NH,*),, [Ni
CoMo,O,,] 19H.0. Itsobserved molecular weight
to be 1552.

Per centage found Per centage
Elements
Exp-1 Exp-2 Exp-3 Calculated
Nitrogen 708 727 729 7.28 7.20
Nickel 374 376 377 376 3.73
Cobalt 370 378 378 378 3.73
Molybdenum 37.10 37.16 37.18 37.16 37.06
Hydrogen 410 4.09 411 410 3.98
Oxygen By Difference 43.92 44.30

RESULT

IR spectral result of polymolybdate products

(NH,"), [Ni Co Mo, O,,] 19H.,0

Infrared spectral of some heteropoly compounds
have been examined by Tsigdinos®, Brown® and
Sharplesset d Infrared spectraof the above men-
tioned heteropoly compounds in KBr pellets have
been recorded from 3533.59 to 692.44 cmt on a
grating IR spectrophotometer asshownin (Figure 1).
Perkin-Elmer Model 577 the peaks at 3533.59 cor-
respond to those of water12. The peaksat 2115.91
cm™ assigned as H,0. The peaks at 1546.91 cm*
can be attributed to 6(H,0). The sharp peaks at
1417.58 to 1344.38 cm* may be attributed to the
presence of N-H bond?. Deformative frequency of
the ammonium ion is aso known to be active in
3533.59-2115.91 cm™ region. So the broad band
shown by these compoundsinthe3533.59t0 2115.59
cmrt region may be due to lattice water as well as
ammonium ion. Probable assignments of peaks at
1024.20 cm? is for Mo-O stretching band. In IR
spectrum assigned to (Mo=0) stretching band and
sharp band at 945 cm* to NH,* rocking band. The
strong band at 692.44 cm! can be assignedtoMo O
Mo stretching vibration.
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(NH4+)8 [N| Co M06024] 19 Hzo

Temperature Range 25°C

to 75°C Wt. Loss 21% 19 H0

(NH4+)8 [N| Co M06024]

Temperature Range 75°C
to 300°C Wt. Loss 8.745% | - 8 NH,"

[Nl Co M06024]

THERMAL STUDIESINVOLVINGTGA
AND DTARESULT

The TGA curveof theisolated polymolybdate com-
plex (Figure 2) and (Figure 3) indicate multi steps of
thermal dissociation processin between 25°C to 75°C,
75°C to 300°C and finally from 300°C to 600°C. The
first thermal decomposition step involvesdimination of
H,O molecules. Themeasureweight loss of the prod-
uct at 25°C to 75°C is about 21%. The measure weight
loss of the product is accompanied by phasetransfer
asindicatedinthe DTA graph suggesting exothermic
peak maxima at 48.34°C temperature having area

IBI—

| (R i | ' | i ] i | ' ] '
2200 2600 F200 2000 2700 2400 1950

™
/
-

|.;us&|—\/__/
m'ﬁ&—<
1344.38— <.
O
s
|0.»;0—-.>
i ——

| L I z | L [} | . I L | ' | 2 |
1200 1650 1500 1350 1200 1050 Q00 750 600

Figurel: FTIR graph of polymolybdate
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Figure2: TGA graph of polymolybdate
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Figure3: DTA graph of polymolybdate

2003.190 uv x second and peak height (-13.200 pv).
In second thermal decompositioninvolvesdimination
of 8 NH," molecules. Theweight loss of the product
between 75°C to 300°C is about 8.745%. The weight
loss of the product isaccompanied by phasetransfer
asindicatedinthe DTA graph suggesting small endot-
hermic peak maximaat 302.61°C temperature having
area—332.169 uv x second and peak height 2.343
uv. Theresdueproduct after 300°C heating upto 600°C
involve no further weight loss. The composition of the
residue product after 300°C to 600°C temperature may
beattributed as[NiCoMo,O, ]. Thesmall exothermic
peak maximaisalso observed at 527.64°C which may
beattributed to minor phasetransfer of theresidue prod-
uct to settlefor thelong higher temperaturerange.
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