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MOLYBDATES/T~GSTATBS SYSTRM 

K.SUBA AND M.R.UDUPA 
Department of Chemistry, Indian Institute of Technology, 
Madras 6'00036, India 

Abstract 

Investigation on the influence of MoO3 and WO3 on the thermal 
decomposition of the halogen oxysalts, 
has been followed' by TG, 

KClO,,, KC103, KBrO and KIO 
DTA, IR spectroscopy and X-ray dfffractio: 

studies. The results suggest the formation of mono-, di-, tri- and 
tetra- molybdates/tungstates in solid state by the reaction of 
appropriate mole ratios of the reactants. 

Introduction 

The catalytic influence of transition metal oxides on the 
decomposition of halogen oxysalts is of considerable interest (11 
because the decomposition of these compounds is extremely sensitive to 
the presence of additives and they also serve as practical sources of 
oxygen. In the present study, the influence of Moo3 and WO3 on the 
thermal decomposition of halogen oxyealts has been done. Detailed 
studies on the influence of Cr203 in the decomposition of perchlorates 
and chlorates [2,31 have been made. The studies were followed by 
thermogravimetry (TG),differential thermal analysis (DTA) and constant 
temperature heating experiments and the products of the reactions were 
characterised by chemical analyses, X-ray powder diffraction and 
infrared spectral studies. 

Experimental 

The reaction mixtures of KCl.04-Mo03, 
WOg and K103-M003/WO3 

KC103-Mo03/W03, KBr03-MoOj/ 
were made in differnnt mole ratios of 1:3, 1:2, 

2:3, l:l, 2:l and 3:l by intimate mixing and grinding of the 
reactants. 

A Stanton simultaneous thermal analyser 180 was employed for TG 
and DTA studies in static air. The rate of heating was kept at 
10°/min. Constant temperature heating experiments were carried out in 
a temperature controlled furnace. 

IR spectra were recorded in the range 2000 - 400 cm-l with a 
Perkin-Elmer 983 spectrophotometer employing KBr pellet technique. The 
X-ray powder diffraction patterns were recorded in a Philips 
diffractometer using Cu%, radiation. 

The kinetics of the reactions were followed by using a modified 
computer program of Reich and Stivala 141 to arrive at a possible 
mechanism and the energy of activation values of the reaction. 

Thermal An&k Proc. 9th ICTA Congress, Jerusalem, Israel, 21-25 Aug. 1988 
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Results and Discussion 

The thermal behaviour of 
data (51 with the formation nf 
decomposition temperatures 01. 

the halatss i.s similar to the reported 
metal halides i~a the end products. The 
KClO4, KC103, KBr03 and KIO3 are 540, 

360, 382 and 560°C and the iofl;\tss are the most stable. 

KC104-Moo3 

Representative curves for TG and DTA of the reaction mixturefv 
Fig.(l) indicate a sinqla step weiqht 3.066 in all the mixtures. Thn 
rate of weight l.oss ts initially slower and becomes faster towards the 
end of the reaction. The endotherm at 300'C observed in the DTA curves 
of all the mixtures ia due to the orthorhqmbic to cubic phase 
transition of KC104, temperature of which is not influenced by t11n 
presence 
KClO,, . 

of Moo3 and the endotherm at !iQOoC is due to the meltinG of 
The reaction betwnc!n KC10 

in all the mixtures except in 1: 4 

and Moo3 manifests as an exotherm 
mole ratio where the reaction is 

complete very fast. The endotherm at 557O in 3.:2 and I:3 mixtures is 
due to the nielting of the product, K2M040,,~. 

The products of decomposition of 4:l and 3:l mole ratios were 
partly soluble in water and contai.ned KC1, while the products from 1:3 
and 1:2 were insoluble and that from 1:l contained traces of KCl. 

The X-ray powder diffraction pattern of the residues of l:.? and 
1:2 mixtures had the following intense dhkl values (AI: 6.87, 3.52, 
3.28, 2.96, 2.832 which correspond to K2M04013 [6] that of 1:l ratio 
hats,ths dhkl VSlllSS 5.98, 3.47, 3.33, 3.30, 

of 2:l and 3:l mixtures qive dhkl 
3.142 ;;s t; :,2M02O7 and 

(5.53, . . , 2.99): 
(5.18, 3.25, 2.87, 1.72) and (3.15, 2.23, 1.82, 1.55; due to K2MoO4, 
Moo3 and KC1 respectively. 

I 1:3 

-Y \ 

Temperature,“C 

14 -v 1:2 

-T- 

.A-..L-&.-/;Ll-LA-- 

280 320 520 580 

Temperature, ‘C 

Fig. 1 TG and DTA curves of KC104 -Moo3 mixtures 
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Further confirmation of the products of decomposition has been 
arrived at by the IR spectroscopy. The infrared spectra of the 
products from 1:3 and 1:2 ratios correspond to K2Mo04013 C-71 with 
bands at 960m, 945S, 935m, 929s. 901s, 89Os, 868s,755s, 622s, 580s. 
55os, 5189, 470m and 431m cm-1 while the product from 1:X mixture 
shows absorptions correspondinq to K2M0207 at 930m, 
703s, 57ow, 480m and 402m <*rnel. 

905s, WOS, 720s 
A single broad band at a40 cm-j 

characterising K2Mo04 is split. by the presence of Moo3 and KC1 and 
additional bands are observed at 920, 860 and 670 cm-l. 

Easad on the results of the above analyses, the reaction schemes 
could be proposed as: 

RC104 + xMo03 -+ l/2 K2M~4~x3 + fx-2)Mo03 + l/2 Cl2 + 7/4 O2 x=2,3,... 

KC104 + MO03 -+ l/2 K2WD207 + l/2 Cl2 + 7/4 o2 

KC104 + MO03 -* 112 K2Mo04 + f/2 MOO3 f (y-1)KCl + l/2 Cl2 f 

l2y - l/4)02 y=2,3,.... 

Table 1. Percentage weight loss from the TG of KC104-Moo3 mixture6 

-________________-___________________I__~~~~~~~~~-~~~~~-~~~~~~~~~~~~~~ 

KC104-Moo3 
mole ratio 1:3 1:2 1:l 2:l 3:l 
____________1_1____________________I____~~~~~~~~~~~~~~~~-~~~~~~~~~~~~~ 

Found 14.44 20.11. 30.20 36.06 38.42 

Weight loss ___-__________----_-_-__1__________~~---_~~~~~~~~~~~~~ 

Calcd 15.95 21.34 32.21 36.81 39.13 
_______________-_-__~-~--___~~--___~~~~~_-~~~~~__-~~~~---~~~~~~~~~~~~~ 

The wei&t loss calculated on the basis of the reactions praposed are 
found to agree well with those observa,d (Table If. 

KX03-Moo3 

The reactions of the other halates, KC103. KBr03 and KIO3 with 
Moo3 have been generalised and tabulated in Table 2, since the basic 
reactions in various ratios are the same in all the three systems. The 
end products have been confirmed by IR and X-ray diffraction studies. 

Mixtures in each of the three systems undergo a single step 
reaction in the temperature range indicated. The reactions begin at a 
temperature much lower than the.decompoeition temperature of either of 

the reactants and also the reactions occur much faster when the 
proportion of Ma03 is greater in the reaction mixture. These elenrly 
point out that Ma03 exerts a catalytic effect on the reaction but to a 
lesser extent f81 than that of Cr203. Moreover, since the reactions 
are completed faster in higher ratlos of MoO3, the I)TA peak pattern is 
alsd simpler in mixtures like 1:3 and 1:2 and becomes gradually 
complicated in ratios of 2:l and 3:l. Thus, in the system KCl03-MOOS, 
the reaction occurs with just one exotherm in 1:3, two exotherms in 
1:2 and two axotherms and an endotherm in l:l, 2:l and 3~1. Similar 
behaviour is observed in KT03-ho03 system. In all the mixtures of 
KBrO3-Mo03, the reactions occur wir.h an endothermic peak followed by 
an exothermic affect. 
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The weight losses observed for the reactions agree with the 
values calculated on the basis of reaction schemes proposed (Table 2). 
In 2:l and 3:l mole ratios, 
gives a mixture of K2MoO4, 

while KBr03 
KC1 and ho03 

and KT03 give K2MoO4, 
as the end product. 

KC1C3 
This is 

probably because the temperature range of the reaction in 
mixtures overlaps well with the.decomposition temperature 

KC103-Mn03 
range of 

KC103 and hence a part decomposes t0 KC1 before the 
completion of the reaction. 

of KC103 

KX03-W03 

The results, from all the three systems (Table 3), indicate that 
either the temperature range of ,the reaction is increased and/or 
shifted to higher regions of temperature compared to Moo3 systems and 
that the 1:2 mixture gives only the tritunqstate as the product and 
not the tetratungstate. 
catalytically reactive 

These clearly point out that WO3 is much less 
compared consequence, the 

reactions 
to MoO3. As a 

occur at higher temperatures and near the decomposition 
temperature of the halates making the reaction process more complex in 
higher ratios of 2:l and 3:l. Thus weight losses do not quite 
correspond to stoichiometric reaction schemes. But the chemical 
analysis, IR spectra and the- X-ray diffraction patterns of the 
products indicate the presence of the proposed products. The DTA 
curves show an endotherm followed by aneexotherm for the reaction in 
all the mixtures of KBr03 and 1:3, 1:2; 2:3 and 1:l mixtures of KC103- 
W03. An additional exotherm is obaerved in 2:l and 3:l mixtures of 
the latter system. In the KIO3-W03 system, the reactien is manifested 
as an endotherm in 1:3, 1:2 and 2:3 mixtures and two endotherm9 in 1:l 
2:l and 3:l mole ratios. 

Kinetics 

The kinetics of the reaction was followed for all the mixtures in 
KIO -Moo3 

2 
system and the reactions were found to follow the Avrami-_ 

Ero eev type of nuclei growth mechanism [9] and the energy of 
activation values 20 Kcal/mol was obtained for all the ratios 
indicating that the same mechanism is operative in all the reactions. 

Conclusion 

The presence of MoO3, while catalysinq the decomposition of the 
potassium halates opens up a new route to the synthesis of 
polymolybdates in eolid state. WO3 being less reactive, catalyses the 
decomposition of halates to a lesser extent compared The 
reactions leading to the formation of polytungstates 

to Mo03. 
are also not 

facile, requiring prolonged heating at higher temperatures. 
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