
Journal of  Thermal Analysis, Vol. 31 [1986). 7-14 

PREPARATION AND T H E R M A L  STABILITY 
OF A M M O N I U M  ALKALINE EARTH 
TRIOXALATOCOBALTATE(I I I )  HYDRATES:  
NH 4 M 2 + 1Co(C204)31 �9 x H 2 0  

M. G. Usha, M. Subba Rao and T. R. Narayanan Kutty 

DEPARTMENT OF INORGANIC AND PHYSICAL CHEMISTRY. 
INDIAN INSTITUTE OF SCIENCE, BANGALORE 560 012, INDIA 

(Received July 15, 1984: in revised form January 1, 1985) 

Trioxalatocobaltates of bivalent metals NH4M 2.[C0(C204)3].XH20, with M 2+ = Ba, Sr 
and Ca, have been prepared and characterized and their thermal behaviour investigated. The 
compounds decompose in a complex manner to yield bivalent metal carbonate or oxide and 
cobalt oxide as final products. The formation of the final products is influenced by the 
surrounding atmosphere during decomposition. Bivalent metal cobaltite M2*CoO3_x is not 
identified among the final products of decomposition. This study demonstrates the importance 
of the decomposition mode of the precursor in producing the desired end-product. 

Ammonium trioxalatometallates [1] (NH4)3[M3+(C204)3]'3H20, where 
M 3+ = Fe, A1 and Cr, are reported to decompose to yield M 2 0  3 as the fihal 
product. We have been interested in identifying precursors which could be 
employed in low-temperature chemical methods for the preparation of perovskite- 
type oxides. Alkaline earth cobaitites M 2 + CoO3_x are generally prepared by the 
ceramic method, by the solid-state reaction between the individual carbonates or 
oxides above 1273 K. The compounds NH~ M 2+[C0(C204)3]'xH20 have been 
prepared and studied as possible psecursors for M2+COO3 -x-  The study reveals the 
importance of the decomposition mode of the precursors in obtaining the desired 
end-product. 

Experimental 

Mater&& 

All the reagents used were of either BDH "Analar" or E. Merck "pro analysi" 
grade. A solution of the alkaline earth salt (nitrate, chloride or acetate) (1 M) was 
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added slowly with stirring to an aqueous solution of ammonium trioxalatocobal- 
tate (2 M). The mixture was stirred well, cooled in ice, and the precipitate,was 
filtered off, washed with dilute (1 ! 1) alcohol, then with acetone, and,air-dried. The 
procedure was slightly modified for the calcium saltl After mixing offthe reagents, 
acetone was added to precipital:e the calcium salt. The precipitat e Was filtered off, 
washed with a 1 : 1 acetone-water mixture and finally with acetone, and air-dried. 
The compounds NH~MZ+[Co)CaO4)3].xH20 with M z- = Ba, Sr and Ca have 
been prepared. 

Methods 

The physical techniques emplo3)ed, such as TG, DTA, DTG, IR spectroscopy 
and X-ray powder diffraction, have been described in an earlier publication [2]. 

Barium was estimated gravimetrically as sulphate. Calcium and strontium were 
estimated complexometrically by titration with EDTA at PH 12 after masking 
cobalt with cyanide and employing calcein and methyl thymol blue, respectively, as 
indicators. Cobalt was estimated volumetrically by titration with EDTA at pH 5.6, 
employing methyl thymol blue as indicator. Ammonia was estimated by the 
standard Kjeldahl method. Oxalate was determined by the permanganate method. 
Water content was determined gravimetrically by decomposing a known weight of 
the material and absorbing the evolved water in anhydrous magnesium perchlorate. 

Gaseous products were identified with an MS 10 mass spectrometer; the 
procedure for their quantitative analysis has been described in a previous 
communication [2]. 

Results 

The trioxalatocobaltates have the general formula NH4M2+[Co(C204)3].xH20, 
where M 2 + = Ba, x = 3 or M2+ = Sr, Ca, x = 4. The complete analytical data for 
these complexes are given in Table l. The compounds are green in colour and are 
diamagnetic. The calcium salt is readily soluble in water, while the other two are 
fairly soluble. All the complexes are crystalline; their X-ray powder diffraction data 
are presented in Table 2. The patterns cannot be indexed on the basis of high- 
symmetry classes such as cubic, tetragonal or hexagonal. The IR spectra of these 
compounds are similar and all the bands could be assigned by comparison with 
those of ammonium trioxalatocobalt(III) trihydrate and :other oxalato 
complexes [3]. 
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Table l Analytical data on NH~ M 2 + C0(C204)3 ,' xH 2 ~ 

Compound % NH 3 % MZ + % Co %C2o, 

NH4Ba[C~ 3H2Oobs. 2.94 : 25.66 10.89 48.15 

Calcd. 3.19 25.80 11.07 49.59 

NH4Sr[Co(C2Oa)3]. 4H 2OObs. 3 ~. 10 17.24 11.91 50.15 

Calcd. 3.39 17.50 11.77 52.74 

NH4Ca[C~ 4H2Oobs. 3.55 9.07 13.16 56.74 

Calcd. 3.75 8.84 13.00 58.27 

Table 2 X-ray powder diffraction data on the compounds 
NH~ M2+[Co(C204)s] "xH20 

ABC)D ASCO ACCO 

d, A I/1 o d, A 1/1 o d, A 1/I o 

8.580 100 8.261 100 8.036 100 
6.856 90 6,231 50 6.103 65 
5.034 65 5.569 8 4.666 25 
4.206 30 , 5.453 7 4.036 20 
3.735 85 5.272 10 3.689 30 
3.644 25 5.211 10 2.760 I 0 

4.886 15 
4.79I 10 
4.642 25 
4.287 10 
4.199 20 
4.148 15 
4.054 7 
3.750 40 
3.385 7 
3.118 9 
2.966 7 
2.769 7 
2.712 10 
2.604 10 

The thermal decomposition of these compounds was carried out in atmospheres 
of flowing air, carbon dioxide and a vacuum.~ The compounds decompose in a step- 
wise manner to yield cobalt oxide and either the carbonate or oxide of the bivalent 
alkaline earth metal. Alkaline earth cobaltate has not been identified among the 
final products of decomposition. 
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Ammonium barium trioxalatocobaltate( IIl) trihydrate ( A BCO ) 

Figures I and 2 present the thermal curves of ABCO in atmospheres of air, 
carbon dioxide and a vacuum. The temperature ranges and weight losses for the 
different steps of the decomposition are given in Table 3. 

Exo 

t 

373 573 773 9?3 1173 
Temperature ~ K 

Fig. I DTA of  ABCO in (a) air, (b) carbon dioxide, and (c) a vacuum 

b \ 

~ ~ J , . . _ 2 2 . ~ 2 :  r . . . . .  

298 373 573 773 973 
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Fig. 2. TG and DTG curves of ABCO in (a) air, and DT G curves o f  ABCO in (b) carbon dioxide and (c) 

vacuum 

Dehydration of  the hydrate 

The dehydration of A BCO takes place in the temperature range 313-498 K, with 
a weight loss of 18.0 to 18.5 per cent. These values are considerably higher than the 
calculated value of 10.15 per cent for the removal of only 3H20 mole -1. The 
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Table 3 Temperature ranges and weight losses for ABCO in different atmospheres 

11 

Gas atmosphere Air Carbon dioxide A vacuum 

Calcd. Temp. % wt. Temp. % wt. Temp. % wt. 
Decomposition step % wt. range, loss range, loss range, loss 

loss K K K 

Partial dehydration ac- 
companied by partial 
oxalate decomposition 15 .02  313-423 14.0 313-448 13.5 3 l 3-473 18.5 
Complete dehydration 3.38 423-498 4,0 448-533 4.0 
Decomposition of the 
oxalate 29.43 498-773 28 ,5  533-773 29.0  473-773 30.0 

Total weight loss 47.83 46.5 46.5 48.5 

isothermal heating of ABCO at 383 K leaves behind a pink residue of composition 
NH4Ba[Co(C204)2.5],. H20 and the analysis of the evolved gases indicates the 
presence of carbon dioxide along with water vapour. The observed weight loss at 
this stage is 15.94 per cent. IfABCO is decomposed isothermally at 423 K, it suffers 
a total weight loss of 18.16 per cent and the evolved gases are again carbon dioxide 
and water only. The residue corresponds to NHaBaCo(C204)2. 5. Thus, de- 
hydration takes place in two steps. The first step is accompanied by a partial 
decomposition of the oxalate and a reduction of Co(Ill) to Co(II). This occurs in 
the temperature range 313423 K, with a weight loss of 14.5 to 16.0 per cent, and 
involves the loss of (2HzO + CO2) per mole ABCO. The remaining water is lost 
slowly in the temperature range 423-498 K, with a loss of 3.8 to 4.0 per cent in 
weight. The dehydrated compound is amorphous to X-rays, and its IR spectrum 
(Fig. 3) shows the principal oxalate absorption band at around 1650 cm-~. The 
aqueous extract of the residue shows the presence of ammonium oxalate, which can 
be recovered almost quantitatively. 

Decomposition of the oxalate 

The decomposition of the oxalate is a multistep process. The first step of oxalate 
decomposition overlaps the dehydration step. The major step of oxalate 
decomposition is observed in the temperature range 498-823 K and is accompanied 
by a weight loss of 28.5 per cent. The DTG in air shows this to be a single peak. 
However, the DTA and DTG in carbon dioxide and a vacuum exhibit more peaks. 
The isothermal heating of ABCO at 493 K results in a weight loss of 30.06 per cent, 
and the analysis of the residue corresponds to the composition BaC204" COC204. 
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Fig. 3. IR spectra of (a) ABCO (b) ABCO (423 K) (c) ABCO (493 K) and (d) ABCO (593 K) 

The gaseous products evolved show the presence of  ammonia, water, carbon 
monoxide and carbon dioxide. The infrared spectrum of  the residue displays the 
absorption bands of a simple oxalate. Isothermal heating of  ABCO at 593 K results 
in a weight loss of  45.77 per cent. The gaseous products are again carbon monoxide, 
carbon dioxide and traces of  ammonia and water vapour. The ratio of  CO : CO2 at 
this temperature is found to be 1 : 1.46. The oxalate decomposition is shifted to a 
higher temperature in carbon dioxide atmosphere and a vacuum. It is exothermic in 
air and endothermic both in carbon dioxide and in a vacuum. The infrared 
spectrum of the residue at 593 K clearly shows the bands due to a carbonate. The X- 
ray powder diffraction data of  this residue indicate the presence of  BaCO 3 and 
Co30  4. No further weight loss is observed beyond 773 K. However, the DTA 
curves show a small endotherm beyond 1073 K. This is attributed to the reversible 
phase transformation of barium carbonate. The X-ray powder diffraction data on 
the DTA residue at 1173 K also indicate the presence of  only barium carbonate 

(BaCO3) and cobalt oxide (Co30r 

D i s c u s s i o n  

Based on the above results, the following scheme has been proposed for the 
decomposition of ABCO in air: 
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313--378 K 
NH4Ba[Co 3 + ( C 2 0 4 ) 3 ]  " 3 H 2 0  , NH4BaCo 2 § (C 204-)2.5" H20 + 

+2 H 2 0 + C O  2 . . . 
(l) 

423-498 K 
NHgBaCo2+(C204)2.5 "H20 , NH4BaC02+(C204)2.5 + H20 (2) 

498-773 K 
NHaBaCo 2 + (C204)2. 5 , BaCO 3 + 1/3 Co30 4 + 

(3) 
+ NH 3 + 0.5 H20 + 2.83 CO + 1.17 C O 2 . . .  

Equations (1) and (2) correspond to dehydration accompanied by partial 
decomposition of the oxalate. On the completion of the dehydration step, the 
residue is probably an intimate mixture of ammonium oxalate, barium oxalate and 
cobaltous oxalate. These oxalates decompose in the temperature range 498-773 K. 
The decompositions overlap one another and result in the formation of barium 
carbonate and cobalt oxide (Co304). Isothermal heating studies indicate that 
ammonium oxalate decomposes ill'st endothermically, followed by the decom- 
position of barium and cobalt oxalates to produce barium carbonate and cobalt 
oxide (CoaO4) , respectively. There is no indication of the formation of barium 
cobaltite, BaCoO3_ x. In a vacuum and in carbon dioxide, along with barium 
carbonate, CoO and metallic cobalt are found to be the final products of 
decomposition. 

Ammonium strontium trioxalatocobaltete (I l l )  tetrahydrate ( A SCO ) 
and ammonium calcium trioxalatocobaltate ( l l l )  tetrahydrate ( A CCO ) 

The decomposition patterns of ASCO and ACCO exhibit a general similarity to 
that of the barium analogue. However, they show some extra features. ASCO 
undergoes dehydration in two steps evolving (2H20 + CO2) and 2H20 mole-i ,  
respectively, in the temperature range 313-493 K. Here again, the first dehydration 
step is accompanied by partial decomposition of the oxalate. Further decom- 
position of the oxalate occurs in two steps in the temperature regions 493-573 K 

and 573-773 K, respectively. In the first step, ammonium carbonate and the 
oxalates of strontium and cobalt are produced. The presence of ammonium 
carbonate is shown in the aqueous extract of the residue obtained by heating ASCO 
at 473 K for 2 hours. The final residue of the decomposition is a mixture of 
strontium carbonate and cobalt oxide (Co304). 
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The decomposition pattern of ACCO, though similar to that of the strontium 
complex, shows additional features. Dehydration takes place in one step in the 
temperature range 313-523 K. This is accompanied by partial decomposition of the 
oxalate. In the DTA of ACCO, the endothermic dehydration is immediately 
followed by a sharp exotherm. The exotherm may be attributed to the breaking up 
of an active (energy-rich) complex NH4CaCo(C204)2.5* to the individual oxalates 
[4]. The oxalates further decompose to a mixture of calcium carbonate and cobalt 
oxide (Co304) in the temperature region 523-773 K. There is a further weight loss 
in the temperature region 973-1173 K, which is attributed to the decomposition of 
calcium carbonate to calcium oxide and carbon dioxide. From the X-ray powder 
diffraction pattern, the final residue has been identified as a mixture of calcium 
oxide and cobalt oxide (Co304). 
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Zusmamenfassaag - -  Trioxalatokobaltate zweiwertiger Metalle der allgemeinen Formel 

NH4M 2 + [Co(CzOr ] . x H 2 ~ (M 2 § = Ba, Sr, Ca) wurden dargestellt, charakterisiert und hinsichtlich 

ihres thermischen Verhaltens untersucht. Die Verbindungen zersetzen sich in komplexer Weise unter 
Bildung yon Carbonaten und Oxiden der zweiwertigen Metalle und Kobaltoxid als Endprodukte. Die 
Bildung der Endprodukte wird durch die die Proben w/ihrend der Zersetzung umgebende Atmosph/ire 

beeinfluBt. Kobaltite der zweiwertigen Metalle, MZ+foO3_x,  treten nicht als Endprodukte  auf. Die 
Untersuchung zeigt, wie wichtig die Art  der Zersetzung des Pr/ikursors fiir die Darstellung erwiJnschter 
Endprodukte ist. 

Pe~mMe - -  HccYteRoaaHo TepMl, lqecKoe noae~tenHe cilnTe3npoBaHnblx vpnoKca.qaTOKO6aJlbTaTOB 

,/1ByXBaJIeHTHblX MeTaJl.rlOB 06mefi dpopMyau NH4MZ+[Co(C204)a] 'xH20, rue M 2+ - -  6apng,  
cTponung n xaabmig.  Coe/ii4neni4~l paaaara~oTCa caoxmaM nyTeM, a a a a l  Kap60naT }IByXBaJIeHTHOFO 

MeTa.rl.rla HaM x e  e Kaqeerse Konequoro npoayxTa oxlic~, 3TOFO Mexa.aaa a oxnc~, Ko6a.abxa. 

O6pa3osanHe ~oHe~max npo~tyrron pa3aoxen~la 3anHcnx OT orpyxalotuefi  aTMOCdpepbI B npouecce 

pa3~ox~ea~4a. Ko6aJlbTnT ,~ByxBa.IIeHTHOFO MeTaJUla MZ+CoO3_x lie yeraaoB~eH cpe~lli KOHeqliblX 
npo~ygTOB pa3hoYzeaHa, l-lpoBe/leHnor liceae/Iosanlie CBI4~eTeJIbCTByeT O Ba:~HOCTli Tana 
pa3nox~elina npe~mecTey~omero coea~Henas npn noayqeHlia xenaeMoro coe~xlieliHa li 

o6pa3yrotuerocs. 
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