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ABSTRACT 

Kinetic parameters, viz. activation energy, E, and pre-exponential factor, A, have been 
evaluated for the dehydration of zinc oxalate dihydrate from isothermal mass-loss measure- 
ments. Mechanistic and mechanism-free kinetic equations as well as a new equation incorpo- 
rating the dependence of rate constant, k, on, the order parameter, n’, and isothermal 
temperature, Z&), have been used to calculate the kinetic parameters. The results obtained 
from all the three equations indicate the same trend. The kinetic parameters for the 
dehydration are mass dependent and they show a systematic decrease with increase in sample 
mass, m. The best fit correlation between E or log A and m can be expressed by a 
second-degree curve of the form 

E=a,-a,m+a,m2 

log,,A = b, - b,m + b,m2 

where a,, a*, a3, and b,, b,, b, are empirical constants. 

INTRODUCTION 

The dependence of kinetic parameters on heating rate and sample mass is 
not new [1,2]. Several qualitative and quantitative studies relating kinetic 
parameters and experimental variables have been reported [3-81 for thermal 
decomposition reactions carried out under isothermal and dynamic condi- 
tions. Non-isothermal kinetic methods have always been a subject of con- 
troversy [9-111. The advantages and disadvantages of isothermal and non- 
isothermal methods have been discussed [12]. 

The effect of the simultaneous variation of sample mass and heating rate 
on the dehydration kinetics of ZnC,O, .2 H,O has been reported [13,14]. 
However, in isothermal experiments the only variable is sample mass. In an 
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earlier publication we had evaluated the kinetic parameters for the dehydra- 
tion reaction from isothermal experiments using three different approaches 
and a new correlation between n’, T,,,,, and k was also established [15]. In 
this communication it is attempted to study the effect of sample mass on the 
dehydration kinetics of ZnC,O, * 2 H,O from isothermal mass-loss measure- 
ments. Mathematical correlations between activation energy, pre-exponential 
factor (obtained from all the three methods) and sample mass are also 
presented in this paper. 

EXPERIMENTAL 

The sample of ZnC,O, * 2 H,O used for this study had the same purity 
and particle size as reported earlier [13]. Isothermal mass-loss curves were 
recorded on a DuPont 990 thermal analyser. All the experiments were done 
in a dry nitrogen atmosphere purged at a rate of 50 cm3 mini. At each 
isothermal temperature, eight sets of sample mass (1.3, 2.5, 5.0, 10.0, 13.0, 
15.0, 20.0 and 30.0 mg) were employed to study the variations of E and A 
with sample mass. Further experimental details are given in our earlier paper 
[15]. Computational work was done with a CDC computer using the FOR- 
TRAN IV program. 

THEORETICAL 

The kinetic parameters from isothermal mass-loss curves can be calculated 
by three different methods [15]. The general form of the kinetic equation for 
the thermal decomposition of solids under isothermal conditions is given by 
Sestak [16] as 

g(a) = kt (1) 

where a is the fractional decomposition at time, t, g(a) is the integrated 
form of the fractional decomposition function f(a), and k is the rate 
constant. The rate constant can be expressed by the Arrhenius equation 

k = A ,-E/RI (2) 

E (mean) and A,nW,,, 

From i number of isothermal experiments, E and A (for cr varying from 
0.1 to 0.9) can be evaluated using the following mechanism-free kinetic 
equation (the derivation of this equation has been reported in our earlier 

paper P51>. 

1% tz,= -log d+log A + 2 30;RT 
1 

(3) 
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where t,, is the time for the fractional decomposition, (Y, (j ranging from 0.1 
to 0.9) in each isothermal experiment. 

E (exp.) and A(,,,., 

The E and A values can be calculated from a mechanism-based equation 
of the type given by Erofeev [17] as follows 

log[ -ln(l - a)] = slog k + slog t 

E(calc.) and A(&.) 

A linear dependence of log n’ versus pi,,) and log k versus log n’ was also 
observed [15] and this was mathematically correlated as 

log k = log k, + C [ A + Bqiso)] 

where log k, = log k when n’ = 1 and A, B and C are constants. For 
isothermal experiments, the kinetic parameters for the three methods are 
evaluated by using the appropriate equations (3) (4) or (5). 

RESULTS AND DISCUSSION 

For the dehydration reaction, a total of 43 sets of isothermal experiments 
were carried out for different sample masses and the time-temperature data 
obtained were used for the computation of the kinetic parameters. The 
values of reaction time, t (s) and the corresponding isothermal temperatures 
for different (Y values are given in Table 1. Using these values, plots of log t 

versus l/T,,,,, were made for all 43 curves. Figures 1 to 8 give these plots. 
From the linear plots, the slopes, intercepts and corresponding values of 

E, log A and correlation coefficient, r, were calculated. These values are 
given in Table 2. The correlation coefficients for all the plots are above 0.99 
indicating the goodness of the fit. The mean values of E and log A (for 
(II = 0.1-0.9) are given in Table 7, and it can be seen that they decrease as the 
sample mass increases from 1.3 to 30.0 mg. 

Kinetic parameters were calculated from the same experimental data using 
the mechanistic equation (4). Log g( (r) versus log t plots were drawn (where 
g(a) = [ - In( 1 - a)]). These graphs are shown in Figs. 9 to 16. The values of 
slope, intercept, n’, k and r, calculated from the plots, are given in Table 3. 
It can be seen that the values of n’ increase with increasing T,,,,,. A similar 
trend is also observable for the rate constants. 

The quantitative correlations between log n’ and pi,,) as well as log k and 
log n’ were established recently [15] for a constant sample mass. The validity 
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3.6 

2.4 

2.50 2.54 2.58 2.62 2.66 

Fig. 1. Plots of log t versus 1000/T,,,,, for 1.3 mg. 

of these relations is further confirmed by the data from different sample 
masses. Linear plots of log n’ versus ~iso) and log k versus log n’ were 
drawn (log k values are from eqn. 4). Figures 17 and 18 represent these 
plots. The values of the slope, intercept and coresponding correlation coeffi- 
cient are given in Table 4. The results thus obtained from the plots are 
introduced in eqn. (5) and the rate constants were calculated for different 
sample masses. The values of these rate constants are given in Table 5. From 
the rate constants obtained from eqns. (4) and (5) kinetic parameters were 

262 2.66 2.70 2.74 2.7 

1000/T,,,,, - 

Fig. 2. Plots of log t versus 1000/T&~ for 2.5 mg. 
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2.57 2 61 265 2.69 2.72 

Fig. 3. Plots of log t versus 1000/7&,, for 5.0 mg. 

calculated using Arrhenius plots. The values of E, A and r thus calculated 
are given in Table 6. Figures 19 and 20 show the corresponding log k versus 

Wm, P lots, for the k values using eqns. (4) and (5). Table 7 gives the 

246 254 2 62 2.70 2.76 

'mq'T,*O, - 

Fig. 4. Plots of log t versus 1000/T,,,, for 10.0 mg. 
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252 256 260 2 64 2.68 

10GO/TOm, - 

Fig. 5. Plots of log t versus 1000/7;,,,, for 13.0 mg. 

values of E and log A obtained from all the three methods. It can be seen 
from this table that both E and log A decrease with increasing sample mass. 
Therefore, statistical analyses were carried out to establish the correlation 
between kinetic parameters and sample mass. Different types of curve fitting 
(such as linear, parabola, rectangular hyperbola, exponential, etc.) were tried 

1 
7: 

21 
2.57 241 2.65 2.69 2 

~o@mJsoJ- 

Fig. 6. Plots of log f versus 1000/7;,,,, for 15.0 mg. 
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Fig. 7. Plots of log t versus 1000/7;,,,, for 20.0 mg. 

and it was found that the curves of E versus sample mass and log A versus 
sample mass could be best represented by second-degree curves (parabolae). 
The corresponding plots are shown in Figs. 21 and 22. The equations 
representing these curves are given below. 

E (mean) = 33.344 - 6.839 x lo-‘m + 1.080 x lo-‘m2 

Fig. 8. Plots of log t versus 1000/T,,,,, for 30.0 mg. 
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TABLE 2 

Results of log t versus l/7&) p lots for different sample masses 

Sample cx Slope Intercept E log A r 
mass (kcal mol-‘) 

(w) 

38.9842 1.3 0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 

8.5192 
7.5529 
7.1156 
7.0570 
6.9184 
6.9113 
6.9093 
6.9077 
6.8778 

- 19.6118 
- 17.0256 
- 15.7972 
- 15.5733 
- 15.1594 
- 15.0994 
- 15.0419 
- 14.9976 
- 14.8748 

- 18.9905 
- 17.4427 
- 16.2564 
- 15.1695 
- 14.8511 
- 14.6217 
- 14.3296 
- 13.6065 
- 13.6110 

- 17.7056 
- 15.6385 
- 14.6495 
- 14.2878 
- 13.7263 
- 13.2641 
- 12.9645 
- 12.7886 
- 12.2589 

- 17.8338 
- 15.1931 
- 13.6883 
- 12.9302 
- 12.4132 
- 11.8350 
- 11.5329 
- 11.0377 
- 10.7131 

- 17.3546 
- 14.6528 
- 13.1941 
- 12.2951 
- 11.8436 
- 11.2432 
- 10.7467 
- 10.6200 
- 10.3122 

34.5623 16.3724 
32.5614 15.3495 
32.2931 15.2816 
31.6588 15.0002 
31.6266 15.1615 
31.6174 15.1225 
31.6101 15.2043 
31.4734 15.2370 

2.5 0.1 8.0329 
0.2 7.5139 
0.3 7.1117 
0.4 6.9277 
0.5 6.7609 
0.6 6.5808 
0.7 6.4908 
0.8 6.2561 
0.9 6.2405 

36.7509 18.0132 0.9978 
34.3839 16.7913 0.9976 
32.5436 15.8087 0.9975 
31.7017 15.3907 0.9973 
30.9384 15.0103 0.9990 
30.1119 14.5837 0.9967 
29.7021 14.4102 0.9969 
28.6283 13.8132 0.9969 
28.5567 13.9733 0.9976 

5.0 0.1 7.7004 
0.2 6.9741 
0.3 6.6529 
0.4 6.5305 
0.5 6.3427 
0.6 6.1894 
0.7 6.0970 
0.8 6.0490 
0.9 5.8696 

35.2374 16.7283 0.9978 
31.9137 14.9875 0.9960 
30.4438 14.2018 0.9969 
29.8840 13.9961 0.9960 
29.0247 13.5671 0.9959 
28.3229 13.2261 0.9955 
27.9126 13.0481 0.9990 
27.6807 12.9953 0.9955 
26.8598 12.6211 0.9945 

10.0 0.1 7.7698 
0.2 6.8436 
0.3 6.3195 
0.4 6.0630 
0.5 5.8903 
0.6 5.6970 
0.7 5.6040 
0.8 5.4390 
0.9 5.3400 

35.5250 16.8565 0.9988 
31.3167 14.5417 0.9999 
28.9134 13.2406 0.9997 
27.7444 12.6385 0.9995 
26.9543 12.2540 0.9992 
26.0653 11.7970 0.9986 
25.6443 11.6135 0.9989 
24.8849 11.2444 0.9982 
24.4319 11.0753 0.9980 

13.0 0.1 7.6327 
0.2 6.6625 
0.3 6.1505 
0.4 5.8395 
0.5 5.6936 
0.6 5.4880 
0.7 5.3210 
0.8 5.2935 
0.9 5.1978 

34.9277 16.3773 0.9983 
30.4880 14.0014 0.9977 
28.1451 12.7464 0.9978 
26.7219 12.0034 0.9939 
26.0542 11.6844 0.9969 
25.1134 11.2052 0.9979 
24.3492 10.8273 0.9981 
24.2234 10.8267 0.9982 
23.7855 10.6744 0.9980 

18.6345 0.9976 
0.9941 
0.9955 
0.9955 
0.9945 
0.9950 
0.9967 
0.9975 
0.9977 
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TABLE 2 (continued) 

Sample a! Slope 
mass 

(mg) 

Intercept E log A r 

(kcal mol-‘) 

15.0 0.1 6.6879 - 15.0143 30.6044 14.0370 0.9978 
0.2 5.9756 - 12.9362 27.3446 12.2848 0.9976 
0.3 5.6443 - 11.9446 25.8288 11.4969 0.9975 
0.4 5.5275 - 11.2759 24.8365 10.9842 0.9973 
0.5 5.3437 - 10.9714 24.4531 10.8122 0.9990 
0.6 5.1734 - 10.4598 23.6735 10.4218 0.9967 
0.7 5.1042 - 10.2068 23.3572 10.2874 0.9969 
0.8 4.9725 - 9.9061 22.7538 10.0128 0.9969 
0.9 4.8985 - 9.5474 22.4157 9.9096 0.9976 

20.0 0.1 6.1929 - 13.3563 28.3390 12.3790 0.9990 
0.2 5.6130 - 11.6611 25.6856 11.0097 0.9989 
0.3 5.3764 - 10.9246 24.6027 10.4769 0.9986 
0.4 5.1710 - 10.3001 23.6626 10.0084 0.9987 
0.5 5.0522 - 9.9184 23.1190 9.7594 0.9985 
0.6 4.9246 - 9.5197 22.5353 9.4817 0.9984 
0.7 4.8144 - 9.1763 22.0311 9.2569 0.9976 
0.8 4.7545 - 8.5894 21.7560 8.7961 0.9958 
0.9 4.5970 - 8.4903 21.0355 8.8525 0.9979 

30.0 0.1 5.9212 - 14.4071 27.0957 13.4298 0.9965 
0.2 5.7926 - 12.6057 26.5084 11.9543 0.9963 
0.3 5.3377 - 10.9542 24.4257 10.5068 0.9980 
0.4 5.0103 - 10.0185 22.9273 9.7268 0.9965 
0.5 4.7966 - 9.3900 21.9494 9.2208 0.9972 
0.6 4.6038 - 8.8263 21.0675 8.7883 0.9966 
0.7 4.4681 - 8.4139 20.4461 8.4945 0.9964 
0.8 4.3312 - 8.0021 19.8197 8.2088 0.9968 
0.9 4.2859 - 7.8284 19.6127 8.1906 0.9945 

To 

‘d 

L -02 

E 

L!_l -04 
m 

.z 
- 0.6 

-I.0 

17 2.1 25 2.9 

Fig. 9. Plots of log[ - ln(1 - (Y)] versus log t for 1.3 mg. 
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Fig. 10. Plots of log[ - ln(l - a)] versus log 1 for 2.5 mg. 

l 0.4. 

l 0.2 

0. 
‘;;I 

Y 
I -0.2. 

T 
& -0.4. 

B 
- -0.6, 

Fig. 11. Plots of log[ - ln(1 - a)] versus log t for 5.0 mg. 

l 02 

‘;r;r 
* 0 
I 

z 

LIl 

-0.2 

k -04 

-0.6 

Fig. 12. Plots of lo@ -ln(l - a)] versus log t for 10.0 mg. 
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I///J% /I +0.4- 

l 0.2- 

To 

1. 

-0.2 

z 
0.4 

5 
-06 

-0.8 

~~ 
13.0 mg 

3.3 3.6 

Fig. 13. Plots of log[ - ln(1 - a)] versus log f for 13.0 mg. 

l 0.4- 

+0.2- 

, 

2.0 23 27 3.1 3-5 

Fig. 14. Plots of log[ - ln(1 - a)] versus log t for 15.0 mg. 

1 

Fig. 15. Plots of log[ -ln(l - a)] versus log t for 20.0 mg. 



f? 
--06 

/ //// 
/I// k! 30.0 mg 

2.0 2.4 2B 3.2 

bgt- 

6 

Fig. 16. Plots of log[ - ln(1 - a)] versus log 1 for 30.0 mg. 

E (_,)= 32.428 -7.301 x lo-'m+1.190 X 10-2m2 

Eccalc,)= 31.905 -6.984 x lo-'m+1.130 X 10-2m2 

logIo~i(nlean) =16.288-4.458 x10-'m+7.600 X 10-3m2 

log,,&,~,= 15.806 - 4.582 x lo-'m + 7.600 x 10-3m2 

log,,A,,,,,,=15.481-4.397 x10-'m +7.305 X10-3m2 

-13mg . . 

-++- 2.5 mg 

-d-d!7 5.0 mg 

---h-c- lO.Omg 

-.-.- 130 mg 

-a-n-15.0mg . . 

- 20.0mg 

-X--Ic- 30.0mg 

OL 
360 370- 

’ d----yjo 
360 390 400 

Temperature K 

Fig. 17. Plots of log n’ versus T&,) for different sample masses. 
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TABLE 3 

Results of log[ - ln(1 - a)] versus log t plots for different 7&,) values and sample masses 

Sample qlso) Slope, n’ Intercept, log k r 

mass (K) l/n’ log k/n’ 

(mg) 

1.3 

2.5 

5.0 

10.0 

13.0 

15.0 

20.0 

30.0 

379 2.8236 0.3542 - 8.8322 
384 2.7554 0.3629 - 8.0193 
389 2.5255 0.3960 - 6.8816 
394 2.2533 0.4438 - 5.5407 
399 2.0621 0.4849 - 4.5357 

362 2.5654 0.3898 - 9.0472 
366 2.4096 0.4150 - 8.2183 
372 2.0829 0.4801 - 6.4054 
376 1.9300 0.5181 - 5.5975 
380 1.8335 0.5451 - 4.8976 

368 2.8052 0.3565 - 10.1144 
377 2.2550 0.4434 - 7.5000 
382 2.0218 0.4946 - 7.0229 
387 1.8654 0.5361 - 5.8918 
391 1.7158 0.5828 - 4.4680 

366 2.5740 0.3885 - 9.7129 
378 2.0475 0.4884 - 6.6160 
388 1.6835 0.5940 - 4.7659 
392 1.5537 0.6436 - 4.1894 
297 1.3451 0.7430 - 3.2769 
462 1.2741 0.7850 - 3.0266 

375 2.4169 0.4136 - 8.2835 
378 2.1021 0.4757 - 6.8837 
384 1.8817 0.5314 - 5.7131 
388 1.6959 0.5986 - 4.9153 
395 1.4893 0.6714 - 4.8418 

368 2.1446 0.4663 - 7.8024 
373 1.9323 0.5175 - 6.5735 
377 1.8670 0.5356 - 6.0560 
382 1.6798 0.5953 - 5.2229 
386 1.5791 0.6253 - 4.7015 
392 1.4385 0.6952 - 3.9760 

376 2.1028 0.4756 - 7.5672 
381 1.9383 0.5159 - 6.6013 
386 1.8142 0.5512 - 5.8787 
390 1.7395 0.5749 - 5.3864 
396 1.5733 0.6354 - 4.6292 

378 2.2158 0.4513 - 7.4208 
383 2.0442 0.4892 - 6.5189 
388 1.7883 0.5592 - 5.4109 
393 1.6717 0.5982 - 4.8098 
398 1.4979 0.6676 -4.1110 
405 1.3203 0.7574 - 3.3725 

- 3.1280 0.9900 
- 2.9104 0.9972 
- 2.7251 0.9970 
- 2.4589 0.9951 
- 2.1995 0.9954 

- 3.5266 0.9990 
- 3.4107 0.9939 
- 3.0752 0.9989 
- 2.9003 0.9988 
- 2.6712 0.9950 

- 3.6056 0.9988 
- 3.1134 0.9959 
- 2.9142 0.9967 
- 2.7445 0.9978 
- 2.6040 0.9975 

- 3.7734 0.9995 
- 3.2313 0.9997 
- 2.8310 0.9986 
- 2.6964 0.9967 
- 2.4362 0.9944 
- 2.3766 0.9940 

- 3.4273 0.9989 
- 3.2747 0.9993 
- 3.0361 0.9981 
- 2.8983 0.9972 
- 2.6753 0.9947 

- 3.6381 0.9984 
- 3.4019 0.9991 
- 3.2438 0.9969 
- 3.1092 0.9995 
- 2.9401 0.9977 
- 2.7640 0.9950 

- 3.5987 0.9990 
- 3.4057 0.9976 
- 3.2403 0.9986 
- 3.0964 0.9984 
- 2.9414 0.9971 

- 3.3490 0.9993 
- 3.2477 0.9983 
- 3.0258 0.9970 
- 2.8772 0.9987 
- 2.7445 0.9930 
- 2.5543 0.9934 
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Fig. 18. Plots of log k versus log n’ for different sample masses. 

TABLE 4 

Results of log n’ versus 7&,) and log k versus log n’ plots 

Sample Plot Slope Intercept 
mass No. = 

(mg) 

1.3 A 0.0072 - 3.1960 
B 6.2339 - 1.2402 

2.5 A 0.0085 - 3.4828 
B 5.6489 - 1.2425 

5.0 A 0.0091 - 3.8253 
B 4.7098 - 1.4779 

10.0 A 0.0087 - 3.6006 
B 4.5874 - 1.8401 

13.0 A 0.0102 - 4.1942 
B 3.6007 - 2.0711 

15.0 A 0.0071 - 2.9370 
B 5.0200 - 1.9482 

20.0 A 0.0061 - 2.6207 
B 5.3722 - 1.8531 

30.0 A 0.0084 - 3.5267 
B 3.6079 - 2.1061 

a A = log n’ versus T,,,,, plots, B = log k versus log n’ plots. 

r 

0.9833 
0.9885 

0.9952 
0.9930 

0.9971 
0.9970 

0.9951 
0.9940 

0.9960 
0.9954 

0.9968 
0.9940 

0.9981 
0.9945 

0.9979 
0.9980 



T
A

B
L

E
 

5 

C
al

cu
la

te
d 

ra
te

 
co

ns
ta

nt
s 

(l
og

 
k)

 
fr

om
 

lo
g 

k 
= 

lo
g

 
k,

 
+ 

C
[A

 
+ 

BZ
&

] 
fo

r 
di

ff
er

en
t 

7;
,,,

,)
 

va
lu

es
 

Sa
m

pl
e 

m
as

s 
(m

g)
 

1.
3 

2.
5 

5.
0 

10
.0

 
13

.0
 

15
.0

 
20

.0
 

30
.0

 

- 
3.

15
27

 
- 

3.
53

48
 

- 
3.

68
77

 
- 

3.
75

06
 

- 
3.

40
65

 
- 

3.
57

57
 

- 
3.

61
04

 
- 

3.
37

43
 

- 
2.

92
83

 
- 

3.
34

28
 

- 
3.

30
11

 
- 

3.
22

17
 

- 
3.

29
67

 
- 

3.
39

75
 

- 
3.

44
65

 
- 

3.
22

27
 

- 
2.

70
38

 
- 

3.
05

47
 

- 
3.

08
63

 
- 

2.
87

26
 

- 
3.

07
56

 
- 

3.
25

49
 

- 
3.

28
27

 
- 

3.
07

12
 

- 
2.

47
94

 
- 

2.
86

26
 

- 
2.

87
16

 
- 

2.
71

29
 

- 
2.

92
90

 
- 

3.
07

67
 

- 
3.

15
16

 
- 

2.
91

97
 

- 
2.

25
50

 
- 

2.
67

05
 

- 
2.

69
98

 
- 

2.
51

34
 

- 
2.

67
19

 
- 

2.
93

41
 

- 
2.

95
50

 
- 

2.
76

81
 

- 
2.

31
38

 
- 

2.
72

03
 

- 
2.

55
60

 



246 

TABLE 6 

Results of log k versus l/q,,,) plots 

Sample Plot No. a Slope Intercept E A, r 
mass (kcal mol-‘) (s-l) 

1.3 A 
B 

6.9781 
6.7933 31.0866 

049 
15.2603 31.9322 1.8210 x lOI 0.9966 

0.9998 

0.9956 
0.9998 

0.9950 
0.9997 

2.5 A 
B 

6.6438 
6.6012 

6.2213 
6.1750 

5.8869 
5.8642 

14.7751 

14.7869 
14.6985 

13.3398 
13.0854 

12.3294 
12.2566 

11.3279 
11.0796 

10.4516 
10.3846 

9.5159 
9.3588 

8.9368 
8.8866 

30.4024 
30.2075 

5.0 A 
B 

10.0 A 
B 

13.0 A 
B 

15.0 A 
B 

20.0 A 
B 

30.0 A 
B 

28.4691 
28.2574 

5.9583 x lOI 

6.1221 x 1014 
4.9639 x lOI 

2.1870 x lOI 
1.2174x 1013 

2.1350 x 10” 
1.8013 x 10” 

5.5239 
5.4339 

5.1742 
5.1401 

4.9259 
4.8780 

4.6497 
4.6374 

26.9386 
26.8350 

0.9975 
0.9998 

25.2779 2.1275 x 10” 0.9977 
24.8657 1.2012 x 10” 0.9998 

23.6776 2.8288 x 10” 0.9971 
23.5214 2.4244 x 10” 0.9998 

22.5415 3.2805 x lo9 0.9982 
22.3220 2.2845 x lo9 0.9999 

21.2773 8.6457 x 10’ 0.9970 
21.2213 7.7011 x lo* 0.9998 

a A = log k versus l/T,,,, (exp.), B = log k versus l/T&,) (talc.). 

7 - fli -t 13mg 

/ -@-025mg 
r 
T 

t 2.6 - 13mg 
- 15mg 
---- 20mg 

2.4 +30mg 

I 

2.4 2.5 2.6 2.7 2.0 

lOOO/ TWOI 

-I 

Fig. 19. Plots of log k (exp.) versus 1000/T,,,,, for different sample masses. 
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2.4 2.5 26 2.7 2.8 

~OOO/T(ISO, 

Fig. 20. Plots of log k (talc.) versus 1000/T,,,, for different sample masses. 

TABLE 7 

Kinetic parameters from three different methods 

mass 

(mg) 

1.3 
2.5 
5.0 
10.0 
13.0 
15.0 
20.0 
30.0 

Mean from (Y = 0.1 to 0.9 Experimental Calculated 

E 
(kcal mol-‘) 

32.9315 
31.3039 
29.6977 
27.9480 
27.0898 
25.0297 
23.6408 
22.6502 

1ogu.J 

15.6961 
15.3105 
13.9302 
12.8068 
12.2552 
11.1385 
10.0023 
9.8356 

E 
(kcal mol-‘) 

31.9322 
30.4024 
28.4691 
26.9386 
25.2779 
23.6776 
22.5415 
21.2773 

log,oA 

15.2603 
14.7869 
13.3398 
12.3293 
11.3279 
10.4516 
9.5159 
8.9368 

E 
(kcal mol-‘) 

31.0866 
30.2075 
28.4691 
26.8350 
24.8657 
23.5214 
22.3220 
21.2213 

logmA 

14.7751 
14.6958 
13.0855 
12.2556 
11.0796 
10.3848 
9.3519 
8.8866 

Q Experimental 

@ Calculated 

A Mean(forS O.ltoPrrO.9) 

I i 
5 lo 20 25 

sample r&s (mg) - 
30 

Fig. 21. Plots of log A versus sample mass. 
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I I 1 I L I 

5 IO 25 

samplZ mass (2&) - 
30 

Fig. 22. Plots of E versus sample mass. 

i 

The reliability of the curves was established by the F-test [18]. The values 
of empirical constants, Fisher constants and sum of the minimum residuals 
calculated for the curves are given in Table 8. It is found that the computed 
Fisher values are much higher than the critical Fisher values for the 99% 
confidence level (13.30), indicating that the variations of E or log A are best 
represented by a quadratic curve for all the three methods employed. 
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