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The thermM deamination of [Co(diox" H)e(amine)2]X type complexes were 
studied in dynamic temperature conditions (diox" H~ stands for 1,2-cyclohepta- 
nedione dioxime (heptoxime, heptox'H2) and 1,2-eyelo-oetanedione dioxime 
(octoxime, octox'H2), amine for aniline and pyridine, X for Br, I and NCS). 
Kinetic parameters n, E and log Z have been derived for some derivatives by 
means of two computerized integral methods. The influence of the sample 
weight, heating rate and chemical constitution upon the kinetic parameters, as 
well as the kinetic compensation effect are discussed. 

[Keywords. Co(III) complexes with alycylie dioximes; Dioximine complexes 
of Co(IlI); Kinetic compensation effect; Kinetics of thermal decomposition; 
Thermal decomposition of complexes] 

Thermische Desaminierung einiger Komplexe des Typs [Co(Diox'H)2(Amin)2JX. 
~Tber e-Dioximinkomplexe der Ubergangsmetalle, LXI  V. 

Die thermische Desaminierung einiger Komplexe des Typs [Co 
(Diox'H)2(Amin)2JX wurde bei dynamischen Temperaturbedingungen 
untersucht [Diox'H i bedeutet 1,2-Cycloheptandiondioxim, (Heptoxim, 
Heptox'H2) und 1,2-Cyclooetandiondioxim (Octoxim, Octox'H2), Amin be- 
deutet Anilin und Pyridin, X bedeutet Br, I, bzw. NCS]. Die kinetisehe 
Parameter n, E und log Z wurden mit Hilfe yon zwei computergeeigneten 
IntegrMmethoden bestimmt. Der Einflug des Gewiehtes der Proben, der 
Heizungsgeschwindigkeit und der chemischen Zusammensetzung auf die kine- 
tisehen Parameter, bzw. der kinetisehe Kompensationseffekt werden disku- 
tiert. 

Introduction 

The thermal decomposition of [Co(diox' H)2(amine)~]X type com- 
plexes (diox �9 H 2 stands for an e-dion-dioxime, X for the external sphere 
anion) has been studied under dynamic temperature conditions in our 
earlier papers 1-3. 
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I f  the amine is an aromatic amine or a pyridine base and X a 
halogen or pseudohalogen anion, the first weight loss stop on the 
thermogravimetrie (TG) curve corresponds frequently to the loss of an 
amine molecule, i.e. to the substitution of this amine by the external 
sphere anion and to the formation of a non-electrolytic type complex : 

[Co(diox. H)~(amine)2JX -~ [Co(diox" tt)2(amine)X ] + amine 

For  these deamination reactions the apparent  kinetic parameters n, 
E and Z, which will be referred to as reaction order, activation energy 
and pre-exponential factor, respectively, have been derived and the 
dependence of these parameters both on working conditions (sample 
weight too, heating rate q) and on chemical composition (nature of 
diox'H~, amine and X) has been observed. 

In the present paper the influence of sample weight and of heating 
rate has been studied in the case of the following complex salts: 

[Co(oetox'H)~(pyridine)2]Br (1), [Co(oetox ' H)~(pyridine)2]I (2), 
[Co(oetox'H)~(aniline)2]NCS (3), [Co(heptox'H)~(pyridine)2]I (4) 

where oetox 'H~ stands for 1,2-cyclo-octanedione dioxime (octoxime) 
and heptox 'H2 for 1,2-cyeloheptanedione dioxime (heptoxime). 

Synthesis of these complexes as well as the characterization of some 
new binary salts of the corresponding cations are given in the experi- 
mental part. 

The second aim of this paper is to test and to compare two 
computerized integral methods, proposed in our previous paper 4. 

Results and Discussion 

K i n e t i c  P a r a m e t e r 8  

In our TG measurements the actual weight values mi have been 
determined at equal time intervals, by performing a constant heating 
rate. Some representative TG curves of compounds 1-o4 �9 are given in 
Fig. 1. 

As seen from these TG curves, the first stage of the thermolysis is 
clearly the above mentioned substitution reaction with complexes 1, 2 
and 4 (curves a, b and d), i.e. a well defined plateau appears at the 
weight values corresponding to the loss of one molecule of pyridine and 
to the formation of the nonelectrolytic intermediate product. 

The thermal decomposition of 3 (curve c) presents completely 
different features. No well defined intermediate is formed, the TG curve 
presents an inflexion point corresponding to the loss of about  0.5 tool of 
aniline. Since this inflexion appears in all cases about  at the same 
conversion (or transformation degree) ~ ~ 0.5, we have tried to derive 
kinetic parameters also for this not perfectly clear decomposition stage. 
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Some o the r  complexes  of the  same  t y p e  have  been inves t iga t ed ,  too.  
The i r  r e p r e s e n t a t i v e  TG curves  are  p r e s e n t e d  in F ig .  2 and  3. As seen 
f rom these  curves  a well  def ined  p l a t e a u  can be obse rved  only  a f te r  the  
loss of  t he  c rys t a l l i za t i on  wa te r ,  b u t  the  fu r the r  po r t ions  of the  TG 
curves  are  no t  cons i s t en t  w i th  t he  a b o v e  m e n t i o n e d  s u b s t i t u t i o n  

I l' 

[Co(Octoz H) 2 (Py)27~r a 

[Co(Octox H) 2 (Py)2]J 

_ [c1(o: tox  HJ2 r~j~]Ncs 

_ 

[Co (Heptox HJ 2 (PY)2] J 
d 

700 2bo 
t,~ 

Fig. 1. Typical TG curves of the compounds 14  (Py stands for pyridine, an for 
aniline) ; a m o = 100 rag, q --- 5 K/rain ; b m o --- 25 mg, q = l0 K/rain ; c m o = 75 mg, 

q = 10 K/min ; d m o = 75 rag, q = 15 K/min 

reac t ion ,  i. e. t he re  is no ev idence  for  the  f o r m a t i o n  of a r e l a t i ve ly  s t ab le  
i n t e r m e d i a t e .  The  TG curves  of  these  complexes  canno t  be used  for 
k ine t i c  ana lys i s  purposes .  

As far  as t he  ca lcu la t ion  m e t h o d s  4 are  concerned,  t h e y  have  been 
a l r e a d y  t e s t ed  in our  p rev ious  paper1  and  i t  has  been shown, t h a t  
m e t h o d  1, ba sed  on the  ca lcu la t ion  of  the  e x p o n e n t i a l  in t eg ra l  b y  us ing 
our approximat ion  formula and performing the double minimizat ion of a 
relat ive s tandard  deviation,  gives pract ical ly  the same numerical  values as 
method  2. Since method 1 needs abou t  a tenfold computer  t ime as compared 
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to method 2, the former has been abandonned and in the present paper only 
methods 2 and 3 will be used. 

Bo th  of  them use a Coats--Redfern l inearization, perform the 
sys temat ic  var ia t ion  of the n pa ramete r  in order to find the n value 
ensuring the m a x i m u m  value for the Jaffg correlat ion coefficient ~ and 
calculates E f rom the slope of the s t ra ight  line obta ined  4. 

~o(Octox H)2(PY)2]NCS, H20 

- - ~ -  , -2%o 

E . . . . . . . . . . . . . . . .  an 

~ 0 (Octo 

. . . . . . . . . . . .  s 

- ~ o f )  

~o(Octox HJ2ran)2jJ 7.5H20 

IO0 200 
t,~ 

Fig. 2. TO curves of some octoxime complexes (Py stands for pyridine, an for 
aniline) ; a m o = 100 rag, q = 10 K/rain ; b m o = 50 rag, q = 5 K/rain ; c m o = 50 rag, 

q = 5 K/rain 

These methods  differ f rom each-other  only with respect to the input  
data.  

Method 2 needs in t roducing of the heat ing rate  q, of the initial and 
final sample weights  (mo and ml) corresponding to the thermal  
decomposi t ion  stage, as well as of  the experimental  sample weight  (mi) 
and tempera tu re  pairs (ti ~ 

Method 3 implies the graphical  plot  of  the  exper imental  points  m~ vs. 
t empera ture ,  t racing of  the most  probable  TG curve and the graphical  
de terminat ion  of  nine 3~ = 103/T~ values (T~ s tands for the absolute 
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temperature  corresponding to the conversion ~), viz. corresponding to 
= 0.1, 0.2, 0 .3 , . . . ,  0.9. The input data  are these nine l~ values and the 

heating rate. 

Our earlier results 1 suggest method 3 to have some advantages, 
giving more uni tary picture of the influence of working conditions upon 
the kinetic parameters.  One might presume this superiority to be due to 

-py --'~____ 

! 

[Co (Heptox H) 2 (Py) 2]J I 

b - - - - - - - - - - - - - - ~  -Py . . . . . . . . . . . . . .  

~o (Heptox H) 2 (Py)2]NCS, H20 

100 200 4~ 
Fig. 3. TG curves of some heptoxime complexes (Py stands for pyridine): 

a m o =  100 rag, q = 10 K/rain; b m o = 100 rag, q = 5 K/min 

the partial elimination of accidental errors by tracing the most 
probable TG curve on the basis of the experimental points and to the 
more uniform reparti t ion of the points considered (by recording m~ 
values at equal time intervals, one has ever more points at the 
beginning of the decomposition stage and less for the high slope portion 
of the TG curve). 

In the case of each complex studied 12 TG curves have been 
recorded by using 25, 50, 75 and 100 mg samples and heating rates of 
q = 5, 10 and 15 K/min, respectively. 

By  deriving kinetic parameters,  very high correlation coefficient 
values have been obtained (p > 0.99) in all cases. This means that  the 

63* 
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individual TG curves can be excellently characterized by means of the 
kinetic parameters n, E and Z. 

Results are presented in Table 1. (Z is calculated in s-l). 
I t  is obvious, tha t  the kinetic parameters derived by both methods 

do not differ essentially, but  they are not  identical. 

Influence of Working Condition.~ 

Data  presented in Table 1 show a deereasing tendency of both E and 
log Z with increasing sample weight as well as with increasing heating 
rate. This effect is very clearly expressed with compounds 1, 2 and 4 
(method 2 gives only three, method 3 a single exception, i.e. inversion of 
the above mentioned order). 

In the case of the complex 3 no systematic variation of the kinetic 
parameters can be observed. This is not surprising taking into account 
tha t  the shape of the TG curves is not  in agreement with the 
substitution reaction observed with the other complexes. One can 
conclude that  although the inflexion point of the TG curve appears 
about  at the same conversion value, this does not indicate the 
formation of a well defined intermediate of the corresponding com- 
position. 

Regarding the apparent  reaction orders, the values are rather  
scattered and no conclusion can be drawn at first view. 

In order to obtain a clearer picture of the influence of working 
conditions upon the kinetic parameters and to have the possibility to 
compare the efficiency of method 3 with tha t  of method 2, a statistical 
analysis of the data  obtained has been performed. For  this purpose 
mean values of the kinetic parameters have been calculated, separately 
for each sample weight and separately for each heating rate. Results are 
presented in Table 2. 

One can see that  in the case of compound 3 the mean values are as 
scattered as the individual ones, which is consistent with our above 
given conclusion. 

The mean E and log Z values of the deamination of 1, 2 and 4 
decrease rigorously both with increasing sample weight and heating 
rate. The results given by methods 2 and 3 do not differ essentially, 
although generally the variation seems to be more uniform in the case 
of method 3. 

A similar effect of decreasing activation energy with increasing 
heating rate has been observed by other authors as well 5-9. Decreasing 
activation energy with increasing heating rate and with increasing 
sample weight have been reported in our previous papers concerning 
the thermal decomposition of similar and of other type complexes lo, 11 
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The explanation of this effect, meaning that  with increasing sample 
weight and heating rate the temperature  interval corresponding to the 
thermal decomposition becomes larger, could be simply the limitation 
of the heat transfer and/or of the diffusion rate of the gaseous products 
evolved. 

The influence of the working conditions upon the apparent  reaction 
order n is not  quite clear. I t  shows a decreasing tendency with 
increasing sample weight with compounds 1, 2 and 4, exactly as 
observed earlier in the case of analogous complexes 1. But  the influence 
of the heating rate is rather  obscure. The n value decreases syste- 
matically with increasing q in the case of 2, but  it increases clearly in the 
case of 4. In the case of complex 1 method 2 indicates a not  clearly 
defined decreasing tendency, but  method 3 shouts a systematic increase 
of n with increasing heating rate. I t  is worth mentioning that  in our 
earlier paper 1~ also an increasing tendency of n with increasing q has 
been observed. 

At any rate, by taking into account the correlation between the 
shape of theoretical TG curves and the value of the kinetic parameters 1~ 
both increasing and decreasing of n with increasing heating rate could 
be easily understood. I f  the thermal decomposition rate is limited by an 
effect which becomes more important  at higher heating rates (as heat 
transfer, diffusion of the gaseous product  towards the air phase) the 
shape of the TG curves will be changed. The curve becomes flatter at 
higher q values, the temperature  interval of the decomposition stage 
becomes larger), which in terms of kinetic parameters means a lower 
activation energy E. I f  this effect becomes important  in an earlier stage 
of the decomposition step (at ~ < 0.5), the shape parameter  V defined 
by us 13 as 

V = l~~ 5--~o. 9 

might decrease, which in terms of kinetic parameters means decreasing 
of the n value. I f  this effect becomes impor tant  only later (at ~ > 0.5) 
the V parameter  increases as well as the apparent  reaction order n. 

General Mean Values of the Kinetic Parameters 
and the Kinetic Compensation Effect 

Since each of the above mentioned thermal decomposition reactions 
has been studied under exactly the same (12) working conditions, it 
seems to be legitime to compare the general mean values of the kinetic 
parameters.  These general mean values, calculated from all kinetic 
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parameter  values presented in Table 1, obtained for all working 
conditions used and by means of methods 2 and 3, are given in Table 3. 

From the mean values of the reaction order no conclusions can be 
drawn. 

The mean activation energy values show clear individual character- 
istics and seem to have some real physical meaning correlated with 
chemical structure. The much higher E value obtained for 1 as 
compared to 2 expresses the influence of the external sphere anion. This 
difference must be due to a different polarization effect in the ease of 
the two anions. A similar effect has been observed in the case of some 
ethylenediamino-cobMt 3 complexes having also Br and I as external 
sphere anion 11,14 

The great difference between the E values obtained for 2 and 4 is 
rather surprising, since these complexes differ only with respect to the 
ring size of the dioxime molecule, and for the analogous 
[Co(nyox'H)2(pyridine)2]I complexes (nyox .H  2 stands for 1,2-eyelo- 
hexane dione dioxime, nyoxime) in identical working conditions a mean 
activation energy of E = l l l k J / m o l  has been obtained 1, which is 
rather close to the value obtained for 2. 

Since from the kinetic parameters given in Table 1 the decompo- 
sition temperatures do not result directly, the mean value of the 
position parameter  v of the TG curves defined in our previous paper 13 as 

= ~0.1 is also given in Table 3 (10a/z can be taken for a sort of s tandard 
decomposition temperature).  Obviously, the decomposition tempera- 
ture cannot be directly correlated to the activation energy, but  in the 
ease of analogous reactions of compounds having very close chemical 
composition, a parallelism can be observed, viz. the higher the activa- 
tion energy, the higher the decomposition temperature  1. As seen from 
Table 3, this effect appears clearly in the case of compounds 1 and 2. 
The anomalous behaviour of 4 is obvious also in this respect. Although 
its activation energy is more than twice larger as compared to the E 
value of 2 ,  the decomposition temperatures of both complexes are very 
close to each other. 

The mean values of log Z as well as its individual ones (Table 1) vary  
in parallel. Generally, for a given reaction these magnitudes are 
correlated by a 

logZ = a E  + b 

type kinetic compensation law, as reported in our earlier papers, 
too 2,11, is, 16. We presumed the compensation parameter  a to be even 
more directly correlated to the strength of the chemical bond to be 
broken, than the activation energy17. G a r n  is presumes this parameter  
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to depend on a certain decomposit ion tempera ture  T c according to the 
relation 

log e 

R T c  

The E and log Z values given in Table 1 excellently verify the above 
compensat ion law, as shown by  the high values found for Jaffe's 
correlation coefficient (p > 0.99) by means of the least square method.  

Table 3. General mean values of the kinetic parameters, of the position parameter x 
and the kinetic compensation parameters 

a '  a 

No. n E[kJ/mol] log Z "r [mol/kJ] [mol/kJ] b 

1 1.98 202 23.4 2.457 O. 128 O. 129 - -  2.73 
2 0.98 124 13.5 2.512 0.131 0.128 --2.38 
3 1.30 127 15.1 2.699 0.141 0.140 --2.65 
4 1.97 273 33.2 2.495 O. 130 O. 135 - -  3.71 

The kinetic compensat ion parameters  a and b are presented in Table 3, 
together with Garn's paramete r  calculated as 

log e 
a ' = -  "10 a 

R 

by  using the mean x values of Table 3 and by  expressing R in 
kJ / (Kmol ) ,  in order to have a' in K mol/kJ,  as obtained a from the 
compensation law. As seen from Table 3, the a and a' values do not 
differ too mueh from each other, bu t  their order is ra ther  different. 
Espeeially the very high a value of 4 is in disagreement with the mean 
position paramete r  found. I f  Garn's hypothesis is right, the experimen- 
tally found a pa ramete r  corresponds to a deeomposition tempera ture  of 
113 ~ while the mean value of ~ to 135 ~ This disagreement could be 
an argument  against  Garn's hypothesis,  bu t  we believe it to be a 
manifestat ion of the already mentioned anomalous behaviour of 4. 

ExperimentM 
Synthesis of [Co(diox'H)2(aniline)2]X and of [Co(diox' H)~(pyridine)2]X 

20mmol of cobMt(iI)acetate, 40mmol of alyeyelic dioxime (6.0g 
heptoxime, 6.4 g oetoxime) and 60 mmol of aniline (pyridine) were dissolved in 
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300 ml 75~o methanol. The mixtures were oxidized by air bubbling during 3-4 h. 
The dark brown solutions formed were filtered. Aliquot parts of the parent 
solutions were treated with an excess of cone. solutions of KBr,  KI ,  KCNS, 
NaNO3, NaCIO4, respectively. The separated characteristic crystalline products 
were filtered off after 20 30rain standing, washed 3~4 times with water and 
dried on ain 

Some new binary salts containing the above cations have been prepared. 
Their characterization is given in Table 4. 

The thermal decomposition of the complexes has been investigated in the 
presence of air by means of a thermobalance constructed on the basis of 
li terature data  19. A platinum crucible has been used as sample holder. 
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