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ABSTRACT 

The decomposition of Kz [ Co(Ca04)~ ] and Ks[Co(Cs04)s] has been studied using TG. 
In the case of the latter compound, the first step involves the rupture of all the oxalates 
and one of the resultant carbonates to liberate CO2 and three molecules of CO. Subse- 
quent steps involve the loss of CO 2. In the case of K2[C0(C204)2], four decomposition 
reactions are observed. The first involves the loss of only CO. Subsequent steps involve 
loss of COa, CO2 and CO, and CO2, respectively. Basic carbonates appear to be the inter- 
mediate products. Kinetic parameters are presented for most of the reactions. 

INTRODUCTIGN 

Simple metal oxalates and oxalate complexes have been studied by many 
workers over the last several y&s using thermal methods. A large number of 
simple oxalates undergo decomposition by loss of CO and conversion to car- 
bonates [1,2] and these reactions have been studied kinetically [2,3]. 
Decomposition of oxalate complexes is usually more complicated and occurs 
in a series of steps. These involve loss of CO and CO2 to yield basic carbon- 
ates or oxides, sometimes by means of oxidation-reduction reactions involv- 
ing the metal. Complexes containing a variety of metals have been investi- 
gated [4]. 

In our previous studies, we have investigated the decomposition of cis- and 
trans-K[Cr(C204),(H20)21 [5] and the trisoxalato complexes of iron(III) and 
chromium(II1) [6]. In the present report we describe the results of studies 
On K2 [~~(~2~4)2] and K3[CO(C204)31. 

EXPERIMENTAL 

The Kz[Co(Cz04)2] and K3[Co(C@4)3] were obtained from Apache Chem- 
ical Co., and were used without further treatment. TG studies were carried out 
in a dynamic nitrogen atmosphere using a Perkin-Elmer thermogravimetric 
system model TGS-2. The procedures employed were similar to those 
described previously [ 71. 
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Kinetic data were analyzed by means of the Coats and Redfem equation 
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where c11 is the fraction of reaction completed, /3 is the heating rate, E is the 
apparent activation energy, Tis the absolute temperature, A is the frequency 
factor, and R is the molar gas constant. Calculations were carried out using a 
previously described program for the Texas Instruments programmable TI-59 
calfzulator [ 91. 

RESULTS AND DISCUSSION 

The TG and DTG curves for the decomposition of K2[Co(C&4)2] and 

K3[.Co(C204)31 are shown in Figs. 1 and 2, respectively. The K,[Co(C,O,)J 
was found to contain enough water to actually be formulated as Ks[Co- 
(C204)3] - 0.75 H20. From the TG curves, it was found that the decomposi- 
tion of this compo-md takes place in the following steps. 

K3[&(C204)3] * 0.75 H2O(S)+ K3[co(c204)3](s) +0*75H2O(g) (3) 

K3[COtCZ04)3](S) +K3[Co(CO3)20](s) + co2(g) + 3 CO(g) (4) 

K3 ~~~(~~3)2~~(s) ~K3[CO(C03)3/2°3121(S) +$o2(g) (5) 

K3[co(c03)3,203,2](s) ~K3Eco(co3),,20,,2](s) + co2k) (6) 

The first and last steps of the decomposition process were too indistinct to 
determine reliable kinetic parameters for them. Dehydration appears to 
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Fig. 1. TG and DTG curves for the decdmposition of &[Co(C204)2]. 

Fig. 2. TG and DTG curves for the decomposition of Ks[Co(C204)3]. 
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occur in three stages that are not separable. These reactions are quite different 
from those found to describe the process in a static air thermobalance [lo]. 

Decomposition of K2[Co(C20&] also takes place in a series of steps. 
These may be written as follows. 

WCo(GO&1(4 + K,CWC204)(CO3)l(s) + CO(g) (7) 

K,[C~(C~O,)(CO~)I(S) + K2I:CO(C204)(C03)1,201/2l(s) +ico2(g) (8) 

~2[~~(~2~4)(~~3),,2~,123(~)-, K2[CO(C03)0l(s) + co(g) + ico2(g) (9) 

K,[Co(CO,)Ol(@ + K2[C0(C03)1,203/21(~) l $02(g) (10) 

All of these reactions were sufficiently distinct to enable kinetic analysis of 
the curves. Table 1 shows the reaction parameters for these processes. 

Previously, products for the decomposition of Kz[Co(CzO4)2] have been 
reported as KaCO3 and Co304 when the decomposition is carried out in air 
and as Co and K2CO3 when a nitrogen atmosphere is used [4]. The results 
obtained in this work appear to be somewhat different. 

The decomposition of K3[Co(C20&] - 3 Hz0 has been studied using a 
variety of experimental techniques [lo]. From that study it was reported 
that from TG experiments in static air the first step in the decomposition 
involved the formation of K, [ CO(C~O~)~] according to the reaction 

2 K3[Co(C204)s] - 3 H,O(s) + 2 K2[CO(CZC4)2]@) + KHC20&) 

+ KHCOa(s) + CO&) + 5 H,O(g) (11) 

TABLE 1 

Reaction parameters for the decomposition of Ks[Co(C204)3 - 0.75 Hz0 and Kz[Co- 
(c204)2) 

Reaction Temp. % Mass loss. Best corr. In A E(kJ mole-‘) 
range order Coeff. * 

(“C) Calcd. Found 

Ks[C0(C204)3] _ 0.75 Hz0 
3 25-235 3.0 
r: 245-300 28.2 
5 365-435 4.8 
6 520-650 9.7 

Overall 25-650 45.7 

K2PS204)21 
7 195-239 8.9 
8 240-265 7.0 
9 266-345 16.0 

10 346-415 7.0 
Overall 25-625 38.9 

3.0 
27.5 0 0.9980 49.50 2 :, i’ 

4.5 213 0.9983 81.91 
10.0 
45.0 

9.8 1 0.9997 40.76 169 
5.2 2 0.9989 83.77 364 

18.8 2 0.9996 43.37 208 
5.2 2 0.9921 36.94 200 

39.0 

* For linear regression analysis fitting f(a) to the Coats and Redfern equation of the best 
order. 
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This process would require 13.56% mass loss. In the present study in a 
nitrogen atmosphere dehydration is accompanied by a 3.0% mass loss and 
occurs slowly over a wide range of temperature. This is followed closely by a 
process representing 27.5% mass loss which closely corresponds to eqn. (4) 
(calculated 28.2% mass loss). In this instance, the decomposition is similar to 
that of K3[Fe(C204)s] which first loses two molecules of CO and one of CO* 
per molecule of complex [ 61. Further, the latter stages of decomposition of 
K3 [ CO(C~O~)~] do not resemble the decomposition. pattern of Kz [Co- 
(C,C,),] . Subsequent volatile products from the cobalt(II1) complex appear 
to be only CO2 with the stable product at 650°C being the basic carbonate, 
K3[C~(C03)I,7,05,2]. In the case of K2[Co(Cz0&], the first volatile product 
is CO and that is followed immediately by loss of COz. Subsequently, addi- 
tional CO and CO* are evolved. 

It is of interest that the first loss of CO, one molecule per molecule of 
K2 [Co(C,O,),], gives the best fit to the first order Coats and Redfern equa- 
tion and by a considerable amount. All the remaining reactions provided the 
best fit of the data by the second order equation. In each case the correla- 
tion coefficients were considerably higher for n = 2 than for any other value 
of n. It is tempting to try to ascribe these observations to some sort of 
bimolecular process, but it is more likely that they reflect other types of rate 
controlling influences in the escape of CO and CO2 from the solids. 

In the case of K~[CO(C~O~)~], the first reaction of the anhydrous material 
is 

Ks[Co(CKWd(s) + KsECW0&Wd + 3 CO(g) + CO,(g) (4) 

The correlation coefficient for the zero order fit (0.9980) is only slightly 
higher than that provided by the n = l/3 and n = 2/3 equations (0.9968 and 
0 -99 52, respectively). The second reaction 

K3[CoWO3)2 01(s) --f K3[Co(C03)3;3,03,2](~) + $CO,W (5) 

gave the highest correlation coefficient when n = 2/3 but the value was only 
slightly higher than when n = 0 or n = l/3. These results are consistent with 
some sort of diffusion controlled process for the decomposition, but this is 
not known with certainty. 

The difficulty in interpreting the activation energy for a solid state process 
is well known [ll] . Therefore, it is unlikely t;lat in most cases the activation 
energy can be ascribed to elementary steps involving bond breaking. The 
C-O bond energy is about 358 kJ mole-’ while for the C-C and C=O bonds 
the values are 345 and 799 kJ mole-‘, respectively [ 12]. In order to rupture 
an oxalate group to produce CO or CO* we would expect that rupture of 
C--C and C-O bonds would be required. Therefore, the activation energy 
might be about 358 kJ mole-‘, the higher of the two values, for such a pro- 
cess. Only the processes shown in eqns. (5) and (8) have activation energies 
of that magnitude. All the others take place with lower activation energies, 
indicating that processes are available that allow the oxalate and carbonate 
groups to react without having a direct rupture of bonds or that diffusion 
control may limit the reaction rates. 

In this work we have found that the decomposition of K3[C~(C204)3] and 
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K7[C~(CZ04)2] takes place with the formation of basic carbonates by evolv- 
ing CO and C02. In that regard, the decompositions are similar to those of 
Fe(II1) and Cr(III) complexes [6]. It has also been possible to measure 
kinetic parameters for the processes involved. In a nitrogen atmosphere, the 
decomposition of K3[C~(C204)3] after the first stage does not resemble the 
decomposition of KZ[Co(C20&], and all of the observed mass losses can be 
accounted for by reactions in which the only gaseous products are CO and 
cop. 

REFERENCES 

1 D. Dollimore and D.L. Griffiths, J. Therm. Anal., 2 (1970) 229. 
2 D.A. Young, Decomposition of Solids, Pergamon Press, Oxford, 1966, pp. 77-79, 

152-160. 
3 T. Palaisamy, J. Gopalakrishnan, B. Viswanathan, V. Strinivasan and V.V.C. Sastin, 

Thermochim. Acta, 2 (1971) 265. 
4 D. Broadbent, D. Dollimore and J. Dollimore, in R.F. Schwender and P.D. Garn 

(Eds. j, Thermal Analysis, Vol. 2, Academic Press, New York, 1969, pp. 739-760. 
5 J.E. House, Jr. and A.M. Learnard, Thermochim. Acta, 18 (1977) 295. 
6 J.E. House, Jr. and T.G. Blumthal, Thermochim. Acta, 36 (1980) 79. 
7 J.E. House, Jr., G-L. Jepsen and J-C. Bailar, Jr., Inorg. Chem., 18 (1979) 1397. 
8 A.W. Coats and J.P. Redfern, Nature (London), 201 (1964) 68. 
9 J.E. House, Jr. and D.D. Dunlap, Thermochim. Acta, 42 (1980) 377. 

10 W.W. Wendlandt and E.L. Simmons, J. Inorg. Nucl. Chem., 27 (1965) 2317. 
11 W. Gomes, Nature (London), 192 (1961) 865. 
12 J.E. Huheey, Inorganic Chemistry: Principles of Structure and Reactivity, Harper and 

Row, New York, 1978, 2nd edn., p. 847. 


