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The influence of the sample weight and the heating rate upon the thernml deamina- 
tion of [Co(niox �9 H)2(pyridine)2]I (I), [Co(niox - H)z(aniline)2][ (II) and [Co(niox �9 H)2 
(pyridine),,] NCS - 1.5 H20 (III) and upon the dehydration of ( l id  has been stu- 
died (niox �9 H,., stands for nioxime: 1,2-cyclohexanedione dioxime). Kinetic parameters 
n, E and Z have been derived by means of the authors' three computerized integral 
methods. Analysis of the results shows method 1 to be equivalent to method 2 with 
respect to the numerical values obtained, but it needs a tenfold computer time. Method 
3 gives better results due to the better choice of input data. The influence of the working 
conditions and of the chemical constitution upon the kinetic parameters, as well as the 
kinetic compensation effect, are discussed. 

The stepwise thermal  decompos i t ion  o f  complexes  [Co(diox.H)2(amine)2]X 
(diox.H2 s tands  for an ~-dione dioxime,  and X for the ou te r  sphere anion) has 
been s tudied under  dynamic  t empera tu re  condi t ions  in our  ear l ier  papers  [1, 2]. 

I f  the amine  is an a romat ic  amine or  a pyr id ine  base and X a hal ide  or  pseudo-  
hal ide anion.  The first weight loss s top on the T G  curve f requent ly  co r responds  to 
the loss o f  an amine  molecule,  i.e. to the subs t i tu t ion  o f  this amine  by the ou te r  
sphere  anion  and to the fo rmat ion  o f  a non-electrolyt ic  complex :  

[Co(diox.H)2(amine)2]X ~ [Cc(diox.H)2(amine)X] + amine .  (1) 

F o r  these de -amina t ion  react ions the appa ren t  kinetic  pa rame te r s  n, E and Z,  
which wil l  be referred to as react ion order ,  ac t ivat ion energy and pre-exponent ia l  
factor,  respectively,  have been derived and the dependence  o f  these pa ramete r s  
bo th  on the work ing  condi t ions  (sample weight m0, heat ing rate  q) and  on the 
chemical  compos i t ion  (nature  of  diox.Hz, amine  and X) has been observed.  

In  the present  pape r  the influence o f  the sample  weight and  o f  the heat ing rate  
has been s tud ied  in the case o f  the fol lowing complex  sal ts :  [Co(niox.H)2 (pyri-  
dine)2]I (I), [Co(niox.H)2-(aniline)2]I (II), [Co(niox.H)2(pyridine)z]NCS " 1.5 H20 
(III)  and  [Co(niox.H)2(aniline)2]NCS (IV) (where niox.Hz s tands  for 1,2-cyclo- 
bexaned ione  d iox ime (nioxime)).  

Detai ls  o f  the synthesis o f  these complexes,  as well as the charac te r iza t ion  o f  
some new b ina ry  salts o f  the co r respond ing  cations,  are  given in the exper imenta l  
par t .  

The second aim of  this pape r  is to test and  to c ompa re  the three  compute r i zed  
integral  methods  p roposed  in our  previous  p a p e r  [3]. 
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Deriving of kinetic parameters 

In our TG measurements, performed at constant heating rate, the actual weight 
values m i have been determined at equal time intervals. Some representative TG 
curves are given in Fig. 1 for the complexes I - I I I .  

As seen from these curves, the first stage in the thermal decomposition is clearly 
the above-mentioned substitution reaction for [Co(niox.H)2(pyridine)2]I and 
[Co(niox.H)2" (aniline)2]I (curves a and b), i.e. a well-defined plateau appears at the 
weight values corresponding to the non-electrolytic products. 

[Co(NioxH)2(Pg) z ]3 a) 

[Co( Nio• Pg]] 

\ 
[_Co (NioxH)z(an)z]3 b) 

[Co (NioxH)2 an 3] 

[Co ( NioxH)2(Pg )2] NCS il.5 H20 c) 

_[c_o!. ~ o>. )_~( _~>~]~_~ . . . . . . . . . . .  

100 200 
Temperature ~ oC 

Fig. 1. Typical TG curves of the compounds studied. (Py stands for pyridine, an for aniline) 
a -- m o = 25 mg, q = 5~ b -- m0 = 25 mg, q = 10~ c -- m o = 75 mg, q = 5~ 

The thermal decomposition of [Co(niox.H)2(pyridine)2]NCS �9 1.5 H20 presents 
completely different features. The dehydration begins at a surprisingly high tem- 
perature (over 110 ~ and occurs rapidly in a narrow temperature interval. Its end 
is not marked by a plateau; only an inflexion point can be observed. The substitu- 
tion reaction does not lead to a stable intermediate either. At the weight cor- 
responding to the presumed non-electrolytic product, not even an inflexion 
appears; only a marked change in the slope can be seen, which shows the super- 
position of further decomposition processes on the substitution reaction. 

Some TG curves of  compound IV are given in Fig. 2. The horizontal dashed 
lines denoted by "1" represent the weight of the sample corresponding to the less 
of  one, and that denoted by "2" to the loss of  two aniline molecules. 
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The shapes o f  the T G  curves are seen to be strongly affected by the working 
conditions (controlled and uncontrol led ones). Curve a might  be consistent with 
the format ion o f  the presumed intermediate, but  in curves b and c there is no  
evidence o f  the substitution reaction [1 ]. Obviously, these T G  curves cannot  be 
used for kinetic analysis purposes. 

As lar  as the calculation methods are concerned [3]: 
In method 1 the input data are:  the heating rate (q), the initial and the final 

sample weights (m0 and ml) corresponding to the thermal decomposi t ion stage, 

m 

o) 

i ] . . . . . . . . . . . . . . . .  

c)i 2 ~ - -  
I00 2OO Temperoture, ~ 

Fig. 2. Typical TG curves of [Co(niox �9 H)~(aniline)2]NCS. a -- mo ~- 100 mg, q = 15~ 
b -- mo= 25 rag, q = 10~ c -- m o = 100 rag, q = 5~ 

as well as the experimental sample weight (mi) and temperature  (ti, ~ pairs. The 
computer  performs a double minimization o f  the s tandard deviation by varying 
n andE,  and calculates the exponential integral bymeans  o f  the authors '  approxima-  
tion formula.  

In method2 the same input data are used, but this method is based on the Coats - 
Redfern linearization. The computer  calculates the slope o f  the straight line cor- 
responding to the maximum value o f  Jaff6's correlation coefficient, by varying n. 

In method 3 the same calculation principle is applied as in method 2, but  the 
input data are different. By plotting m i vs. temperature  and by tracing the most  
probable  T G  curve, nine O~ = 10a/T, values are determined graphically, cor- 
responding to the conversion (transformation degree) values ~ = 0.1, 0.2, 0 . 3 , . . . ,  
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0.9 (T ,  s tands  for  the absolu te  t empera tu re  co r respond ing  to the convers ion ct). 
These vq~ values,  as well as the  heat ing rate,  a re  fed into the  compute r .  

Calcula t ions  gave very low relat ive s t anda rd  devia t ions  (6min < 10-4) and  very 
high cor re la t ion  coefficient values (~ > 0.99). This means  tha t  the  indiv idual  T G  
curves can be charac ter ized  excellently by means  o f  the kinetic  pa ramete r s  n, 
E and Z.  

Resul t  are  presented  in Tables  1 - 3 (Z  is given in s -  1). 
I t  is obvious  tha t  the  kinetic pa r ame te r  values der ived  by  means  o f  methods  

1 and 2 are  prac t ica l ly  identical ,  a l though these methods  are  based  on two different  
app rox ima t ions  o f  the exponent ia l  integral ,  m e t h o d  1 being more  correct  f rom a 
mathemat ica l  po in t  o f  view. These results  show the very wide possibi l i t ies  o f  the 
C o a t s - R e d f e r n  me thod  and indicate  the equivalency o f  me thod  1 and  2 as far  
as the numer ica l  values  ob ta ined  are  concerned.  On  the o ther  hand,  due  to the  
double  m i n i m i z a t i o n  pe r fo rmed  in me thod  1, the compute r  t ime is abou t  tenfold 
as c o m p a r e d  to me thod  2. Thus,  our  first conclus ion is tha t  it  is not  wor th  using 
me thod  1, a l though  it seems to be more  correct ,  because the same values can be 
der ived  in a shor te r  t ime by  using m e t h o d  2. 

Influence o f  working conditions 

The da t a  p resen ted  in Tables  1 - 3 show the decreasing tendency o f  bo th  E and 
log Z with increasing sample  weight  and  also with increasing heat ing rate.  As re- 
gards  the a p p a r e n t  reac t ion  o rde r  values,  they are  ra ther  scat tered and no conclu- 
s ion can be d rawn  at  first sight. 

In  o rder  to ob ta in  a clear p ic ture  o f  the influence o f  the work ing  condi t ions  upon  
the kinetic pa rame te r s  and to have a poss ib i l i ty  o f  compar ing  the efficiency o f  

Table 1 

Kinetic parameters of thermal deamination of [Co(niox.H)2(pyridine)2]I derived by means 
of methods 1, 2, and 3 

Heating 
rate, 
~ 

10 

15 

Sample, 
weight, 

mg 

25 
50 
75 

100 

25 
50 
75 

100 

25 
50 
75 

I00 

1.30 
0.92 
0.98 
1.08 

1.17 
0.83 
0.85 
0.97 

1.24 
0.92 
0.93 
0.87 

1.29 
0.92 
0.98 
1.08 

1.17 
0.83 
0.84 
0.97 

1.24 
0.92 
0.93 
0.87 

1.19 
0.81 
0.98 
1.00 

1.05 
0.78 
0.80 
0.92 

1.04 
0.89 
0.81 
0.79 

E, kJ/mol 

1 2 

154 154 
148 147 
143 142 
133 132 

127 125 
104 103 
107 106 
104 103 

104 102 
87 86 
85 84 
69 68 

141 
140 
136 
125 

118 1 
99 

104 
99 

80 
85 
73 
64 

16.7 
15.7 
15.2 
14.0 

13.4 
10.5 
10.7 
10.3 

10.7 
8.5 
8.3 
5.9 

log Z 

16.8 
15.8 
15.2 
14.1 

13.7 
10.7 
11.0 
10.4 

10.8 
8.4 
8.6 
6.1 

15.0 
14.7 
14.4 
13.0 

12.4 
10.0 
10.4 
9.7 

7.7 
8.3 
6.7 
5.4 
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method 3 with the other two methods,  a statistical analysis o f  the data obtained 
has been performed. For  this purpose,  mean values o f  the kinetic parameters  
have been calculated, separately for each sample weight and for each heating rate. 
Since methods 1 and 2 give the same mean values, these are presented together in 
a single column. The mean values obtained are listed in Table 3. 

In this Table a systematic decrease o f  both  E and log Z can be observed with 
increasing sample weight and with increasing heating rate, without  exception. 
It  is wor th  mentioning that in Tables I -  3 one can observe 9 - 1 0  inversions o f  
this order  for each method;  these inversions are eliminated by means o f  this sta- 
tistical analysis. At  the same time, there are several cases when methods 1 and 
2 give very close values for different sample weights, but  method 3 ensures a clearer 
separation o f  them. 

A similar effect o f  decreasing activation energy with increasing heating rate 
has been observed by other authors, too [ 4 - 7 ] .  Decreasing activation energy 
with increasing heating rate and with increasing sample weight has been reported 
in our  previous papers concerning the thermal decomposi t ion o f  other types o f  
complexes [8, 9]. The explanation o f  this effect, which means simply that, with 
increasing sample weight and heating rate, the temperature interval corresponding 
to the thermal decomposi t ion increases, could be the limitation o f  the heat transfer 
and/or  o f  the diffusion rate o f  the gaseous produc t  evolved. 

The influence o f  the working conditions upon the apparent  reaction order  is 
not  quite clear. Methods 1 and 2 give a r igorously valid systematic variation o f  n 
with sample weight in a single case, t, i z .  for the deaminat ion o f  (Ill), where n 
decreases with increasing sample weight and even becomes negative. This is easy 
to understand, since with larger sample weights the temperature interval o f  the 

Table 2 

Kinetic parameters of thermal deamination of [Co(niox.H).,(aniline),,]I derived by means of 
methods 1, 2 and 3 

H e a t i n g  S a m p l e  i n I E,  k J / tool  log  Z 
rate,  weight ,  i - l -- - -  
~  m g  1 2 ! 3 I 1 2 3 1 

. . . .  L ; 

10 

15 

25 
50 
75 

100 

25 
50 
75 

100 

25 
50 
75 

100 

0.66 
0.45 
0.08 
0.09 

0.95 
0.47 
0.44 
0.52 

0.70 
0.83 
0.34 
0.50 

0.66 
0.45 
0.03 
0.06 

0.95 
0.47 
0 39 
0.53 

0.72 
0.84 
0.37 
0.50 

0.62 
0.59 
0.08 
0.33 

0.95 
0.56 
0.65 
0.35 

0.66 
0.31 
0.52 
0.23 

224 223 
218 217 
198 196 
193 194 

218 217 
2O5 202 
164 163 
163 161 

142 141 
142 140 
146 144 
135 135 

233 24.5 
216 24.O 
2O3 21.5 
180 20.9 

227 24.O 
207 22.5 
175 17.6 
151 17.2 

158 14.9 
141 15.0 
146 15.3 
128 13.6 

2 3 

24.6 26.0 
24.3 23.6 
21.3 22.1 
21.0 19.1 

24.2 25.3 
22.3 22.9 
17.9 20.3 
17.4 15.7 

15.0 16.9 
14.9 14.8 
15.2 15.4 
13.6 12.8 
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Table 3 

Kinetic parameters of thermal dehydration and deamination of [Co(niox.H)2(pyridine)2] 
NCS, 1.5 H~O derived by means of methods 1, 2 and 3 

Heat- Sample ] n E, kJ/mol log Z 
ing weight, ] 
rate, 
O/mi n mg ! 1 2 3 3 1 2 3 

O 

lO 

15 

25 
50 
75 

100 

25 
50 
75 

100 

25 
50 
75 

100 

1.72 
0.95 
0.74 
0.67 

1.09 
0.50 
1.16 
1.47 

1.64 
0.84 
1.02 
0.97 

1.72 
0.95 
0.75 
0.67 

1.05 
0.48 
1.17 
1.47 

1.64 
0.83 
1.04 
0.96 

1.48 
0.91 
0.56 
0.58 

1.48 
1.31 
1.67 
1.88 

1.37 
1.36 
0.72 
1.17 

1 2 

320 321 
277 277 
254 253 
246 247 

266 271 
275 276 
250 253 
243 246 

244 245 
261 261 
228 227 
230 231 

317 
303 
276 
231 

283 
273 
248 
231 

249 
235 
250 
236 

40.6 
34.5 
31.7 
30.7 

33.2 
34.5 
32.0 
30.0 

30.0 
32.7 
27.9 
28.5 

40.6 
34.4 
31.8 
30.9 

33.5 
34.2 
32.2 
30.4 

30.1 
33.0 
28.1 
28.6 

39.7 
37.7 
34.4 
29.1 

35.5 
34.0 
30~6 
28.9 

31.0 
29.1 
31.4 
29.4 

e~ 

"~ lO 

15 

25 
50 
75 

100 

25 
50 
75 

100 

25 
50 
75 

100 

0.94 
0.83 
0.50 
0.42 

0.73 
0.17 
0.01 

--0.17 

0.64 
0.89 

--0.03 
--0.23 

0.94 
0.83 
0.51 
0.41 

0.73 
0.17 
0.02 

-0 .17 

0.62 
0.87 

--0.03 
- -  0 .22  

0.81 
0.86 
0.55 
0.34 

0.70 
0.20 
0.12 

-0 .20  

0.56 
0.75 
0.12 
0.89 

176 
174 
156 
142 

159 
156 
132 
96 

155 
126 
113 
116 

176 
174 
155 
140 

160 
158 
130 
97 

156 
122 
111 
118 

158 
176 
164 
131 

162 
163 
120 
78 

145 
117 
106 
86 

18.3 
18.0 
16.0 
14.3 

16.5 
15.9 
13.1 
8.7 

15.9 
12.0 
10.7 
11.1 

18.0 
17.9 
15.9 
14.2 

16.2 
16.0 
12.8 
8.6 

15.8 
11.7 
10.5 
11.4 

15.8 
18.2 
16.7 
13.0 

16.5 
16.6 
11.6 
6.3 

14.5 
11.0 
9.8 
7.3 

decomposi t ion becomes more  extended and  the probabi l i ty  of  the superposi t ion 
of  further decomposi t ion stages increases; the slope of the T G  curves decreases 
more  slowly in this terminal  region of the decomposi t ion stage, which in terms o 
kinetic parameters  means the decrease of  n. In  other two cases (deaminat ion 
of  (I) and (II), methods 1 and  2 also show a decreasing tendency of n with increas- 
ing m0, bu t  a slight inversion is observed with each reaction. F r o m  the data con- 
cerning the dehydrat ion of  (III) no conclusion can be drawn. 

Method 3 gives a much clearer picture in this respect. 15 of the 16 mean  values 
indicate the decreasing of  n with increasing m0; only for the dehydrat ion of (III) 
in the 100 mg sample has a higher n value than expected been obtained.  

The influence of  the heating rate on the reaction order is more obscure. Method 
3 suggests that it decreases with increasing heating rate. This is clearly expressed 
in two cases [deaminat ion of (I) and (III)] and  with the other two reactions n has 

J .  Thermal Anal. 20, 1981 



Z S A K 0  et al.: K I N E T I C  A N A L Y S I S  441 

Table 4 

Mean values of the kinetic parameters obtained for the same sample weight and heating rate 
values by means of methods 1, 2 and 3 

Reaction 

Deaminat ion of 
[Co(niox.H)2(Py),z ]1 

Deaminat ion of 
[Co(niox.H)2(an)~]I 

Dehydrat ion of 
[Co(niox.H)2(Py)2 ] �9 

NCS . 1.5 H20 

working conditions 

m o--  25 mg 
m o = 50 mg 
m o = 75 mg 
mo = 100 mg 

q = 5~ 
q = 10~ 
q = 15~ 

1 ,2  3 

1.24 1.04 
0.92 0.89 
0.93 0.81 
0.87 I 0.79 
1.07 I 1.00 
0.95 I 0.89 
0,95 0,77 

0.77 / 0.74 
0.58 [ 0.49 
0.28 0.42 
0.36 I 0.30 
0.32 i 0.40 
0.59 ] 0,63 
0.61 i 0.43 

mo = 25 mg 
m o =  50 mg 
ln o = 75 mg 
m o =  100 mg 

q = 5~ 
q =  lO~ 
q --- 15~ 

Deaminat ion  of 
[Co(niox.H)z(Py), z] . 
�9 NCS 

E, kJ/mol  log Z 

1, 2 3 1, 2 

128 113 13,7 
112 108 11,6 
111 105 11.5 
102 96 10,2 
144 136 15.4 
110 105 11.3 
86 76 8.4 

194 206 21.2 
187 189 20.5 
169 175 18.2 
164 I 153 17.3 
208]  208 22.7 
186 i 190 20.3 
141 / 143 14.7 

. . . . . . .  I 

278 283 34.6 
271 2 7 0 /  33.9 I 
244 258 30.6 I 
241 233 29.9 i 

m o = 25 mg 1.48 
m o = 50 mg 0.76 
m o = 75 nag 0.98 
m o =  100rag 1.04 

q = 5~ 1,02 
q = 10~ 1.05 
q = 15~ 1.12 

mo = 25 mg 0.77 
m o =  50 mg 0.63 
m o = 75 mg 0.17 
m o = 100 mg 0.01 

q = 5~ 0.67 
q = 10~ 0.19 
q = 15~ 0.32 

1.44 
1.19 
0.98 
1.21 
0,88 
1.58 
1.15 

. . . . .  i _ _  
0.69 
0.60 
0.18 

- 0 . 2 5  
0.64 
0.20 
0.07 

274 282 34.4 
260 259 32.5 
241 243 29.9 

i 

164 155 i 16.8 
152 152 [ 15.3 
133 130 13.2 
118 99 11.4 
162 157 16.5 
136 131 13.4 
127 113 12.4 

11.7 
11.0 
10.5 

9.4 
14.3 
10.6 
7.0 

22.7 
20.5 
19.2 
15.9 
22.7 
21.0 
15.0 

35.4 
33.6 
32.1 
29.1 
35.2 
32.2 
30.2 

15.6 
15.3 
12.7 
8.7 

15.9 
12.7 
10.7 

a h i g h e r  v a l u e  f o r  q = 10~ t h a n  t b r  q = 15~ M e t h o d s  1 a n d  2 a l so  s h o w  

s u c h  a d e c r e a s i n g  t e n d e n c y  in  t h e  d e a m i n a t i o n  o f  (I), b u t  in  t h e  d e a m i n a t i o n  o f  

( I I )  a n d  t h e  d e h y d r a t i o n  o f  ( I l l )  a s l i gh t  b u t  s y s t e m a t i c  i n c r e a s e  is o b s e r v e d .  

A t  a n y  ra t e ,  w h e n  t h e  a b o v e  c o n s i d e r a t i o n s  a r e  t a k e n  i n to  a c c o u n t  m e t h o d  3 

s e e m s  to  g ive  a m o r e  un i f i ed  p i c t u r e  o f  t h e  i n f l u e n c e  o f  t he  w o r k i n g  c o n d i t i o n s  

a n d  in o u r  v iew th i s  m e t h o d  is to  b e  p r e f e r r e d .  I t s  s u p e r i o r i t y  s e e m s  to  b e  d u e  to  

t h e  b e t t e r  c h o i c e  o f  t he  i n p u t  d a t a .  I n  t h e  case  o f  m e t h o d  2 t h e  a c t u a l  e x p e r i m e n t a l  

w e i g h t  d a t a  a r e  a f fec ted  b y  a c c i d e n t a l  e r r o r s ;  in  a d d i t i o n  t h e i r  d i s t r i b u t i o n  a l o n g  

t h e  T G  c u r v e  is n o t  u n i f o r m ,  s ince  in  t he  r e c o r d i n g  o f  s a m p l e  w e i g h t  va lues  a t  
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equal time intervals, one has more experimental points at the beginning of the 
thermal decomposition, rate of  the decomposition being lower in this portion, 
and very few points of  the T G  curve corresponding to the rapid decomposition. 
In method 3, by tracing the most probable T G  curve on the basis of  the same 
experimental points, the accidental errors are partially eliminated and by taking 
the above-mentioned nine 0,  values, the uniform distribution of the points used 
is automatically ensured. 

General mean values of the kinetic parameters and the kinetic compensation effect 

Since the above-mentioned four thermal decomposition reactions have each 
been studied under the same 12 working conditions, it seems justified to compare 
the general mean values of  the kinetic parameters. These general mean values, 
calculated from the kinetic parameter  values presented in Tables 1 -  3, obtained 
for all working conditions used and by means of all three methods, are given 
in Table 5. 

From the mean reaction order values no conclusion can be drawn. 
The mean activation energy values show clear individual characteristics and 

seem to have some real physical meaning�9 The much higher value obtained for 
(II) as compared to (I) might be related to the higher strength of  the Co-aniline 
bond as compared to the Co-pyridine one, 

The influence of the outer sphere anion can be seen if one compares the deamina- 
tion of  (I) with the corresponding reaction of (III). The lower activation energy 
obtained for (I), as well as the lower decomposition temperature, show clearly 
the high labilizing effect of  the I -  anion upon the coordinated amine molecules, 
similarly as observed with other cobalt complexes [9]. 

The very high activation energy obtained for the dehydration of (III) indicates 
very strongly bonded water molecules. Generally, the activation energies of  similar 

Table 5 

General mean values of the kinetic parameters, of the position parameter ~ and the kinetic 
compensation parameters 

Reaction 

Deamination of 
[Co(niox.H)e(pyridine)~ ]I 

Deamination of 
[Co(niox.H)2(aniline)z ]I 

Dehydration of 
[Co(niox.H).~(pyridine)2 ]. 
�9 NCS. 1.5 /-I20 

Deamination of 
[Co(niox.H)2(pyridine)2]NCS 

n 

kJ/mol 

0.95 111 

0.50 178 

1.11 259 

0.36 139 

log Z 

11.4 

19.4 

32.3 

13.8 

2.455 

2.357 

2.562 

2.285 

a e 

mol/kJ  

0.125 

0.123 

0.134 

0.119 

mol/kJ  

0.123 

0.121 

0.130 

0.120 

--2.16 

--2.37 

- -  1 . 4 2  

--2.93 
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dehydration reactions of  complexes under similar working conditions do not 
exceed 120 -  130 k J/mole. The uncommon behaviour of  this crystallization water 
is also indicated by the high decomposition temperature. The behaviour of  (IV) 
seems to be in agreement with the general picture given above. Since reaction (1) 
begins at higher temperature if I is substituted by NCS (compounds (1) and (III)), 
or if pyridine is substituted by aniline (compounds (I) and (II)), it must be shifted 
to even higher temperature in the case of  compound (IV), exactly as observed in 
Fig. 3. At such a high temperature, reaction (1) does not take place alone; other 
decomposition reactions occur at the same time. This is why the shape of the T G  
curve is very sensitive to the working conditions and does not allow a kinetic 
analysis. 

Since the decomposition temperatures do not result directly from the kinetic 
parameters given in Tables 1 - 3 ,  the mean value of  the position parameter  r, 
proposed in our previous paper [10] and defined as z = va0.1, is also given inTable 5. 
It is obvious that the decomposition temperature (103/z can be taken as a kind of  
standard decomposition temperature) cannot be directly correlated to the activa- 
tion energy, even if analogous chemical reactions are concerned. I f  one compares 
the deaminations of  (I) and (II) (having the same outer sphere anion), or of  (I) 
and (III) (having the same amine to be replaced), it is obvious that the higher the 
activation energy, the higher the decomposition temperature. However, a similar 
relation is not valid for the deaminations of  (II) and (III), where both the outer 
sphere anions and the amines to be replaced are different. 

The mean values of  log Z, as well as its individual values given in Tables 1 - 3, 
vary in parallel. Generally, for a given reaction these magnitudes are correlated 
by a kinetic compensation law of the type 

log Z = aE + b 

as reported in our earlier papers [1, 9, 11, 12]. We presumed the compensation 
parameter  a to be even more directly correlated to the strength of the bond to be 
broken than the activation energy [13]. Garn [14] assumes that it depends on a 

log e 
certain decomposition temperature (Tc) according to the relation a - 

RTc 
The E and log Z values verify the above compensation law excellently, as shown 

by the high values obtained for Jaff6's correlation coefficient (Q > 0.99). The 
kinetic compensation parameters derived from all data presented in Tables 1 -  3 
by means of the least squares method are given in Table 5, together with Garn 's  

z log e 
parameter  calculated as a '  - • 10 -3 by using the mean z values of  Table5 

R 
and by expressing R in kJ/Kmole, in order to have a '  in mole/k J, as for a obtained 
from the compensation law. The a and a '  values are seen to be very close to each 
other, which seems to be consistent with Garn 's  hypothesis. 
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Table 6 

Characterization of some complexes of the type [Co(niox.H)z(amine)2]X 

Amine 

Aniline 

Aniline 

Aniline 

Aniline 

Pyridine 

Pyridine 

Pyridine 

Pyridine 

X 

B r  

I 

NCS 

C 1 0  4 

Br 

I 

NCS. 
1.5 H20 

ClOt 

Mol. 
weight 
calcd. 

Aspect 
Analysis 

607.4 

654.4 

585.6 

627 

579.4 

626.4 

584.6 

598.9 

brown prisms 

thin brown acicular cryst. 

yellow-brown short 
prisms 

yellow-brown microcryst. 

brown prisms 

brown plates 

yellow-brown prisms 

yellow microcryst. 

Caled. 

Co 9.70 
Br 13.16 

Co 9.04 
N 12.85 

Co 10.07 
N 16.75 

Co 9A0 

Co 10.17 
Br 14.11 

Co 9.41 
I 20.26 

Co 10.08 
NCS 9.93 

Co 9.98 

Found 

9.55 
13.08 

9.01 
12.60 

9.89 
16,66 

9.36 

10.22 
14.23 

9.32 
20.32 

9.89 
9.78 

9.77 

Experimental 

Synthesis of [Co(niox.H)2(pyridine)2]X and [Co(niox.H2)(aniline)2]X 
20 mmole  cobal t ( I I )  acetate,  40 m m o l e  (5.6 g) n ioxime and  60 mmole  pyr id ine  

(aniline) were dissolved in 300 ml 75 % methanol .  The  mixtures  were oxidized by  
air  bubbl ing  dur ing  3 - 4  hours .  The  d a r k  b r o w n  solut ions  fo rmed  were filtered. 
One th i rd  po r t ions  o f  the pa ren t  solut ions were t rea ted  with 20 g KBr ,  20 g K I  
and  15 g K C N S ,  respectively,  d issolved in 100 ml water .  

The separa ted  crystal l ine p roduc t s  were fi l tered off, washed with cold water  
and  d r i ed  in air. Their  charac te r iza t ion  is given in Table  6. 

The  the rmal  decompos i t ion  o f  the  complexes  was invest igated in the  presence 
o f  a i r  by  means  o f  a the rmoba lance  cons t ruc ted  on  the basis o f  l i te ra ture  da t a  
[15]. 25, 50, 75 and  100 mg samples  were used in a p l a t i n u m  crucible.  The con- 
s tant  heat ing rates  were 5, 10 and 15~ 
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RI~SUMI~ -- On a 6tudi6 l'influence du poids de l'6chantillon et de la vitesse de chauffage sur la 
desamination thermique de [Co(niox �9 H)z(pyridine)2]I (I), [Co(niox " H)~(aniline)~][ (I[) et 
[Co(niox �9 H)~(pyridine)2]NCS - 1.5 HzO (HI) ainsi que sur la dbshydratation de (III) (niox " 

Hz repr6sente la nioxime: 1,2-cyclohexanedione dioxime). A l'aide des trois m6thodes d'int6- 
gration sur ordinateur des auteurs, les param6tres cin6tiques n, E et Z ont pu 6tre d6duits. 
L'analyse des r6sultats montre que la m6thode est 6quivalente ~ la m6thode 2 quant aux valeurs 
num6riques obtenues; elle exige cependant dix fois plus de temps d'ordinateur. La m6thode 3 
donne de meilleurs r6sultats en raison de la meilleure s61ection des donn6es d'entr6e. On discute 
l'influence des conditions de travail et de la structure chimique sur les param6tres cin6tiques 
ainsi que l'effet de compensation cin6tique. 

ZUSAMMENFASSUNG -- Der Einfluss des Probengewichts und der Aufheizgeschwindigkeit auf 
die thermische Desaminierung yon [Co(niox " H)~(pyridin)z]I ([), [Co(niox �9 H).,(anilin)z][ (II) 
und [Co(niox �9 H).z(pyridin)z]NCS - 1.5 HeO (IH) sowie auf die Dehydratisierung von (Ill) 
wurde untersucht (niox �9 Hz bedeutet Nioxim: 1,2-cyclohexandion-dioxim). Die kinetischen 
Parameter n, E und Z wurden mit Hilfe der drei komputerisierten integralmethoden der Auto- 
ren abgeleitet. Die Analyse der Ergcbnisse zeigt, dab Methode 1 der Methode 2 hinsichtlich 
der erhaltenen numerischen Werte ebenbiJrtig ist, doch eine zehnfache Rechenzeit beansprucht. 
Methode 3 ergibt bessere Resultate dank der besseren Wahl der eingegebenen Daten. Der Ein- 
fluss der Arbeutsbedingungen und der chemischen Struktur auf die kinetischen Parameter, 
sowie der kinetische Kompensationseffekt werden diskutiert. 

Pe3ioMe - -  Fhyqeno B.ri~,iflrlrle Beca o6pa3ua n c~opocTn narpeBa na TepMnsecroe a e a ~ n a p o -  
aanae KOMII.rIeKCOB [Co(HI~OKc.H)z (rxapn~aH)~] I (I), [Co(r~Horc.H)z (aurtnrla)2 ] I (II) a [Co- 
(HaOKC.H)2 (n~tpa~rIa)z] NCS. 1.5 H20 (III), rue (HnOKc.H) 2 - -  aaOaCaM: ~trIOKCHM 1.2-tl~no- 
reKcaH~aoua. ~aa  nocne~aero a3 yKa3anHbtX coeRnHeHnfi R3y'[erta Tar~Ke ~erH~IpaTal~i~. C rio- 
MOllIbIO Tpex HHTerpasqbrIblX, Bblqr~CJII4Te~brIr~IX MeTO~,OB, n p e ~ o ~ e a m ,  IX aBTOpaMI, I, BbIRrlc31e- 
abI KHneTaqecKi~e rlapaMeTpbl n, E i~ g.  mHantI3 pe3y~bTaTOB noraaan, tlTO MeTOjI 1 3I<BKBaJIeHT- 
Hbl~ MeTO~y 2 B OTHOItleHHH IIOnyqeHrlbIX qFICYIOBblX 3HaqeHHl~, HO Tpe6yeT a ,tleCaTb pa3 ~o.rlbme 
MatUrIHHOrO BpeMeHH. MeTO~ 3 ~aeT 31yqtuHe pe3yYlbTaTb], tlTO 06ycnoBJIeHo 3/yqtUHM no~6opoM 
BBO~HI~IX ~aHHblX. O6cy~ReHO BnH~HHe 9KcnepHMeHTaJ]bHbIX yC2IOBH~ I'I XHMt,ItleCKOFO COCTaBa 
coezmlentafi ria rrlHeTltqecKrle rlapaMe'rpr~i, COaMeCTaO C KlluextI~lecKI, IM roMnel-lcallaonm,iM 
aqbqbeKTOM. 
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