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ABSTRACT 

The thermal decomposition of y-irradiated and unit-radiated cobalt(I1) malonato complex 
Na,[Co(C,H20&].2H,0 has been studied by thermogravimetry (isothermal conditions). 
The reaction order, activation energy and frequency factor were computed by different 
models. The effect of y-irradiation on the kinetic parameters of the thermal decomposition 
reaction is discussed. Radiation did not modify the mechanism of the reaction but accelerated 
the dehydration step due to the generation of more dislocations in the crystal lattice of the 
complex. The kinetics of the dehydration is controlled by a phase-boundary (R2 and R, 
functions) mechanism, while the decomposition reaction is controlled by a first-order mecha- 
nism (F1 function). 

INTRODUCTION 

The kinetic studies of solid decompositions have proceeded in two direc- 
tions: using powdered materials and using single crystals. The former studies 
are much more extensive than the latter. The essential features of solid-state 
decompositions are: the destruction of the crystal lattice of the reactant, the 
breaking and redistribution of chemical bonds, the formation of the crystal 
lattice of the reaction product and, lastly, the diffusion of one component or 
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the other through the product layer for further propagation of the dissocia- 
tion reaction. 

In dynamic thermogravimetric analysis, the weight changes of a sample 
are continuously recorded as a function of time (isothermal) or temperature 
(non-isothermal) as the sample is heated. Thermograms provide information 
relating kinetic data to the chemical changes which occur on heating [l]. 
There has been considerable discussion in the literature concerns the 
validity of kinetic data obtained by thermal analysis under non-isothermal 
conditions [2,3]. Therefore, in the present investigation an isothermal method 
was used. 

Ionising radiation has frequently been used in studies of the thermal 
decomposition of crystalline solids to increase the number of reaction 
nucleation sites at the surface and in the bulk [a]. There are well known 
m~cha~sms whereby structural defects can be introduced by ionising radia- 
tions. Severe disruption of the lattice of a crystalline solid is possible, with 
the formation of a large number of vacancies. Vacancy migration and 
aggregation in a solid is known to lead to the formation of dislocation loops, 
an increase in the number of existing dislocations and colloid formation” 
Several studies f4-6f have shown that the defects induced by irradiation 
enhance the decomposition rate, the effect increasing with dose, 

Literature references concerning the thermal stability of transition metal 
malonato complexes are very scanty [7-93. Previous study [S] on the thermal 
stability of Na,[Co(C,H,O,),] - 2H,O has been reported, but no details on 
the kinetics or mechanism of its thermal decomposition were included. 
Therefore, the present work was designed to study the effect of y-irradiation 
on the kinetics of the thermal decomposition of Naz[Co(C&I,O,),] - 2H,O 
and to determine the detailed mechanisms as well as the relevant kinetic 
parameters_ 

EXPERIMENTAL 

The cobalt malonato complex, Na,fCo(C,H,G,),] .2H,O, was prepared 
using cobalt nitrate and the sodium salt of malonic acid, according to a 
method reported elsewhere [Xl]. The chemicals used were obtained from 
B.D.H. and the complex was character&d by elemental analysis and by IR 
spectroscopy. 

Thermogravimetric (TG) and differential thermal analysis (DTA) were 
recorded simultaneously by a DT-30 thermal analyser (Shimadzu, Japan), 
keeping the heating rate at 10 K min -i for each run and using about 5 mg 
to ensure a linear heating of the sample. 

Samples sealed in glass ampoules were irradiated at room temperature 
with %Zo rays at different doses between 1.1 and 20.0 F&ad. 
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RESULTS AND DISCUSSION 

Figure 1 shows DTA and TG curves for Na,[Co(C,H,O,),] - 2H,O. The 
DTA curve shows two endothermic peaks at 480 and 560 K followed by one 
exothermic at 610 K. The TG curve shows mass losses at 480 and 610 K but 
no change in weight could be observed at the endothermic peak appearing at 
560 K. This peak is attributed to melting the compound [8]. The complex 
undergoes a dissociation in two steps (dehydration and decomposition) 
leading to a residual weight corresponding to Co0 and Na,CO, as con- 
firmed by X-ray diffraction. The weight loss at the end of the first step 
(dehydration at 480 K) was 10.4% and at the end of the second step 
(decomposition) was 58.5% which can be easily explained by the following 
scheme 

Na,[Co(C,H@,),] - 2fW --) Na2[Co(WW4),] (1) 

Na,[Co(C,H,O,),] + Na,Co, + Co0 (2) 

The kinetics for the dehydration and decomposition reactions were de- 
termined under isothermal conditions. The a-t curves for the isothermal 
decomposition at temperatures within the dissociation steps are shown in 
Fig. 2. The kinetic parameters were determined on the basis of the kinetic 
relation 

da/dt=k(T)f(cY) (3) 

Tltl 

Fig. 1. DTA (- - -) and TG (- ) curves for Na,[Co(C,H,O,),].2H,O. 
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Fig. 2. Plot of f~ vs. t at different temperatures for the decomposition of Na#k(C,H,O,]. 

where cx is the decomposed fraction and k(T) is the specific rate constant of 
the reaction. Integrating eqn. (3) and replacing da/f(a) by the function 
g(ar), the following equation is obtained 

TABLE 1 

Kinetic model functions for solid decomposition 

(4 

g(a) Symbol 

a2 Dl 
a-t(l-a)hl(l-a) D2 

[l -(l- Iy)r’s]a 4 

(l-2a/3)-(l- a)Z’3 D4 

lnia/(l - a)1 A* 

1 - (1 - a)l’n R, 

[ - hl(1 - a)]l’” A, 

-ln(l-a) F 

Rate~ntro~g process 

One-dimensional diffusion 
Two-dimensional diffusion 
Three-dimensional diffusion 
(Jander function) 
Three-dimensional diffusion 
(Ginst~ng-Bro~shtein function) 
Autocatalytic reaction 
(Prout-Tompkins function) 
Phase-boundary reaction; 
n = 1, 2 and 3 (one-, two-, 
and three-dimensional respectively) 
Random nucleation and its 
subsequent growth; m = 2,3 
and 4 (Avrami-Erofeev function) 
First-order kinetics 
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TABLE 3 

Effect of y-irradiation on the kinetic parameters of the isothermal decomposition of 

Na#WGWW~I~2H~O 

Dose (Mrad) R, function R, function A a function FI function 

log A E log A E log A E log A E 
(s-l) (kJ mol-‘) (s-l) (kJmol-‘) (s-l) (kJmol_‘) (s-l) (kJmol-‘) 

Dehydration 
Unirradiated 8.9 110.1 8.3 105.2 9.9 119.0 - _ 

1.1 8.5 105.1 7.8 100.4 9.2 112.1 - - 
10.3 8.1 99.8 7.5 95.3 8.6 105.6 - - 
20.0 7.8 95.4 7.3 92.1 8.2 98.1 - - 

Decomposition 
Unirradiated - - _ - - 18.7 250.4 

1.1 - _ _ - - - 18.6 250.2 
10.3 - - - - - - 18.8 250.6 
20.0 - - - _ _ - 18.6 249.9 

For isothermal analysis eqn. (4) is simply 

g(a) = kt (5) 

The different kinetic model functions g(a) listed in Table 1 were ex- 
amined for the dehydration and decomposition stages by conventional 
isothermal analysis. An appropriate g(a) for the isothermal reaction could 
be selected by plotting various g(a) against time t. Correlation coefficients r 
and standard deviations s were used as a measure of the linearity for the 
least-squares fitting in various g(a) versus t plots. The comparison of fits 
given in Table 2 shows that the best fit of data for the dehydration reaction 
is obtained by phase-boundary mechanisms (R, and R, functions) but that 
the random nucleation model (A3) is also very close. On the other hand, the 
fitting data of the decomposition reaction shows that the decomposition is 
controlled by a first-order mechanism (5). This is attributed to melting the 
complex before its decomposition (homogeneous dissociation). The kinetic 
parameters E, and log A for each step are given in Table 3. 

y-irradiation lowers the peak temperatures (T) at which both the dehy- 
dration and the melting of the complex occurs. More reduction in T is 
observed with increasing the radiation dose. For a sample irradiated with 20 
Mrad the dehydration step was found to be lowered by 12 K, while the 
melting temperature was lowered by only 5 K. The kinetic parameters of the 
dehydration and decomposition of the irradiated complex are given in Table 
3, from which it can be seen that the irradiation affects only the kinetic data 
of the dehydration step. The activation energy values of the dehydration 
decrease to a small extent with an increase in the radiation dose. This 
indicates that the same chemical processes govern the dissociation of both 
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the unirradiated and irradiated complexes. The irradiation produces an 
ionization of Co” to Co3 + [ll]. This ionization of Co2’ ions produces 
chemical damage and crystal defects in the matrix of the complex. The 
presence of these damaged species in the crystal will result in a steady 
accumulation of strain. Accordingly, the nuclei formed by irradiation grow 
by heating and the rate of the thermal dehydration is enhanced. Because the 
complex melts before it decomposes, the kinetic data of its homogeneous 
decomposition is not affected by irradiation damage. 
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