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A new molybdenum(VI) complex Cs2(NH4)2[M030s8(C204)3] (CAMO) has been
prepared and characterized by chemical analysis and IR spectral studies. Thermal decom-
position studies have been made using TG, DTA and DTG techniques. The compound is an-
hydrous and stable up to 160°C. Thereafter it decomposes in three stages. The first and the
second stages occur in the temperature ranges 160-220°C and 220-280°C to give the inter-
mediate compounds having the tentative compositions Cs4(NH4)2[M0sO16(C204)3(CO3)z2)
and Cs4[Mo6016(C204)2(CO3)2] respectively, the later then decomposing to give the end
product Cs2Mo3O10 at 370°C. The end product was characterized by chemical analysis, IR
spectral and X-ray studies.

A literature survey revealed that various mixed metal oxalates have been
extensively used for the economic preparation of important materials such
as BaTiOs [1], ZnZrQs[2], Cs2MoOs and CszMo0207 [3, 4] but the preparation
of higher molybdates has received little attention. The present work, which
deals with the preparation, characterization and thermal decomposition of a
new molybdenum(VI) complex Cs:(NH4)2[M030s(C20.)s], is in continuation
of our recent attempt to prepare K2Mo3010 which was also prepared by the
thermal decomposition a new oxomolybdenum(VI) oxalato complex [5].

Experimental

All the reagents used were either AnalaR or pro-analysi grade. To a hot
solution of 3.7815 g of oxalic acid in about 250 ml of distilled water, 4.3185 g
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of molybdenum trioxide (prepared by heating ammonium para-molybdate at
about 400° for 2 h) was added in small lots and the solution was filtered to
remove any unreacted molybdenum trioxide. To this 3.3674 g of cesium
chloride and 1.07 g of ammonium chloride were added and the solution was
concentrated to about 30 ml to obtain crystals of CAMO, which were
washed with distilled water and air dried in a desiccator.

Molybdenum in CAMO was determined gravimetrically as molybdenyl
oxinate and oxalate by KMnQ, oxidation. Cesium was estimated by atomic
absorption spectroscopy. Ammonia was determined by its liberation with
aqueous alkali [6]. The analysis of CAMO gave: NHY, 3.67 %; Cs, 27.07%;

Mo, 29.32% and C,0% ", 26.89% the calculated values being 3.69%, 27.09%,
29.30% and 26.91% respectively. These data show that there is no noticeable
deviation of CAMO from the composition Cs2(NH4)2[M030s(C204)s].

Thermogravimetry (TG), differential thermal analysis (DTA) and deriva-
tive thermogravimetry (DTG) were carried out on a Stanton Redcroft ther-
moanalyzer model STA-780 series taking 10-20 mg of the samples in
platinum crucibles. For DTA, ignited alumina was used as the reference
material. The heating rate was 10 deg/min. IR spectra were recorded on a
Perkin-Elmer 1600 Series FTIR instrument in the range 400-4000 cm™ with
samples in the form of potassium bromide pellets. X-ray diffraction patterns
were recorded on a Phillips diffractometer using CuKg, radiations. The mag-
netic measurements were performed on a model VSM-155 vibrating-sample
magnetometer at room temperature (22°) using a magnetic field of 5500
Gauss.

Results and discussions

CAMO is a white crystalline compound which is found to be diamag-
netic, suggesting that it is a molybdenum(VI) complex. The IR data
(Table 1) of CAMO indicate the presence of both the NH [7] and the coor-
dinated oxalato group [8, 9]. In addition to these, the presence of metal-
oxygen double bonds and that of Mo-O stretches is also indicated by the
bands at 910 and 890 cm™ and at 800 and 740 cm™ respectively [10-12].

Figure 1 gives the DTA, TG and DTG curves for CAMO in static air. As
seen on the TG curve, CAMO is an anhydrous compound and is stable up to
160°. The decomposition is found to be a three step process. The first step
extends up to 220° and corresponds to the loss of two moles of ammonia,
one mole of water, three moles of carbon monoxide and one mole of carbon
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Fig. 1 DTA, TG and DTG curves of CAMO in air

dioxide per two moles of CAMO to give an intermediate with the tentative
composition Css(NH4)2[M0sO16(C204)3(CO3),]. This is seen in DTG as peak
at 210°. However in DTA, an endothermic peak at 195° is immediately fol-
lowed by a sharp exothermic peak at 210° which may be due to the dominant
oxidation of the evolved carbon monoxide into carbon dioxide. The observed
weight loss is 9.19%, against the calculated value of 9.17%. The second step
occurs between 220 and 280° and involves a further loss of two moles of am-
monia, one mole of water, one mole of carbon monoxide and one mole of
carbon dioxide to give another intermediate having the tentative composi-
tion Csy{Mo0s01s(C204)2(CQOs)2}. This step is observed in DTA and DTG as
peaks at 265 and 260° respectively. The observed weight loss is 6.13%
against the calculated value of 6.32% Cs{MosO15(C204)2(CO3)2] decom-
poses in the third step that extends up to 370° and loses two moles of carbon
monoxide and four moles of carbon dioxide to give the end product
Cs2Mo03010. This is seen in DTG as peak at 340°. However, in DTA an en-
dothermic peak at 350° is again followed by an exothermic peak at 360°,
which may be due to the reason similar to that explained in step first. The
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observed weight loss is 11.88 % against the calculated value of 11.82 %. The
total observed weight loss for the process:

Cs2(NH4)2[Mo0308(C204)3] = Cs2Mo03010

is 27.20% against the calculated value of 27.31%.

The composition assigned to the intermediates on the weight loss basis
were further confirmed by chemical analysis, magnetic measurements and
IR spectral studies. CAMO was isothermally heated at 220 + 5° (Inter-
mediate-1) and at 280 *=5° (Intermediate-2) and both the samples were
chemically analysed. The experimental data were found to agree with the
calculated values. Both these samples were found to be diamagnetic suggest-
ing that they are molybdenum(VI) complex [13]. The IR data of the two in-
termediates (Table 1) suggest the presence of both the oxalate and the
carbonate groups [8, 14] while the presence of NH;' is indicated only in In-
termediate—1.

An additional endothermic peak is observed in DTA at 550° which does
not correspond to any weight change on the TG curve. This has been at-
tributed to the melting of the end product, the reported melting point of
Cs:Mo0301e also being the same [4]. This was further confirmed by heating
CAMO isothermally at 555 + 5° when a molten product was obtained which
solidified immediately to give a white crystalline compound.

The end product was obtained by heating CAMO isothermally at 385°
and at 555°, the later giving a molten product which solidified to a white
crystalline compound. Both of them gave identical chemical analysis data,
IR spectra and X-ray diffraction patterns. The IR data (Table 1) were found
to be identical to those reported for Cs;Mo0301 in the literature [15]. The
observed ’d’ values also match very closely with the earlier reported data for
Cs:Mo03010 [16]. On the basis of all these studies, the following scheme is
proposed for the decomposition of CAMO in air

2Cs2(NH4)2[M0308(C204)3] 160 — 220°C

Cs4(NH4)2[Mo0s016(C204)3(CO3)2] +2NH3 +H20 +3CO +CO>
6))
Cse(NH4)2[Mo6O16(C204)3(CO3)2] 220~ 280°C

Cs4][Mo6016(C204)2(CO3)2] + 2NH3 + H20 +CO +CO3 2
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Cs4[Mog016(C204)2(C03)z] 280 = 370°C

2Cs2Mo3010 +2CO +4CO2 3)
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Zusammenfassung — Es wurde ein neuer Molybddn(VI)-komplex mit der Formel
Cs2(NH4)2[Mo0308(C204)3}(CAMO) hergestellt und mittels chemischer Analyse und IR-
Spektroskopie beschrieben. Die thermische Zersetzung wurde mittels TG, DTA und DTG
untersucht. Die Verbindung ist wasserfrei und bis 160°C bestdndig. Dariiber erfolgt eine
Zersetzung in drei Schritten. Der erste und zweite Schritt verlduft im Temperaturbereich
160-220°C und 220-280°C, wobei Zwischenprodukte mit einer vermutlichen Zusammenset-
zung von Cs4(NH4)2[Mo6O16(C204)3(CO3)2] bzw. Cs4[Mos016(C204)3(CO3)2] entstehen.
Letzteres Zwischenprodukt zerfillt bei 370°C, dabei entsteht das Endprodukt Cs2Mo3O1o,
welches mittels chemischer Analyse, IR- und Rontgendiffraktionsuntersuchungen charak-
terisiert wurde.

JI. Thermal Anal, 37, 1991



