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The thermal decomposition rates of seven [CoX2(amine) 2 ] type complexes (amine = 
aromatic amines) have been studied by thermogravimetry at 3 different temperatures 
for each compound. Apparent reaction orders, rate constants, activation energies, 
and preexponential factor values of the Arrhenius equation have been derived. The 
parameters obtained are compared with those derived from TG curves recorded 
under dynamic temperature conditions. The same reaction order, but higher activ- 
ation parameters have been obtained as in the case of dynamic thermogravimetry. 
Nevertheless, the activation parameters derived seem to obey the same linear 
kinetic compensation law as the activation parameters reported earlier. 

The cobalt(II) halides give [CoX2(ambte)2] type complexes with aliphatic, 
aromatic and heterocyclic amines in non-aqueous solvents such as alcohols, 
acetone, etc. [ 1 - 4 ] ,  Biltz and Fetkenhauer [5] observed some of them to exist in 
two modifications, e (blue) and fl (pink). Biltz et aI. [6] and Hantsch [7] presume 
this isomerism to be the cis-trans type, but Mellor [8] assigns a chain structure to 
the violet isomer of [CoCI2Py2], with a co-ordination number of 6 for the Co, 
and a tetrahedral structure for the isomer. X-ray studies are consistent with these 
assumptions [9-10] .  

At higher temperatures these complexes decompose. Liberation of amine is ob- 
served, and the substance is transformed first to a black resinous mass, and then 
to the anhydrous cobalt halide or even the oxide. The thermal decompositions of 
a large number of analogous complexes, derivatives of Ni(lI), Co(II), Mn(II), 
Cu(lI) and Cd(II), have been studied by F~tu et al. [ 11 -16 ]  and the formation 
of a relatively stable [MZ2(amine)2/3] type intermediate has frequently been ob- 
served [11]. 

In our previous papers [17, 18] the kinetics of the thermal decomposition of 
cobalt(II) complexes of this type have been studied under dynamic temperature 
conditions. Our results are consistent with the formation of a [CoX2(amine)2/z] 
type intermediate, which seems to be formed directly if X = CI, and in two 
successive stages if X = Br or I [18]. The first stage of thermal decomposition 
frequently has two distinct kinetic stages, not separated by a plateau on the TG 
curve, the first kinetic stage needing a smaller activation energy, and the second 
a higher one [17, 18]. 
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Derivation of the kinetic parameters has been performed by means of Coats 
and Redfern's method [19], by assuming a rate law of the type 

de 
d t  - ~ ( 1  - ~)" ( 1 )  

and an Arrhenius equation of  the type 

k = Z .  e E"mr (2) 

to be valid, where 0~ stands for the conversion (fraction transformed), n for the 
apparent reaction order, k for the apparent rate constant, and Ea for the apparent 
activation energy. Coa ts -Redfern  linearizations have been tried with the following 
values for n: 0, 1/3, 1/2, 2/3, 1 and 2. 

In order to derive the pre-exponential factor values, the following equation has 
been used [20]: 

log Z = log 9(~) - log p(x) + log R �9 q - log Ea (3) 

where #(c~) stands for the conversion integral 

j ' d~ 
9(cr = (1 - 00 n (4) 

0 

p(x) for the exponential integral tabulated in [20], x for E~/RT and q for the 
heating rate in K �9 s -1. 

Since the shapes of the T G  curves, and consequently also the kinetic parameters 
derived from these curves, depend on procedural variables [17], further measure- 
ments have been performed under identical working conditions for the different 
complex compounds studied. 

The T G  curves obtained can be characterized fairly well by means of  the kinetic 
parameters n, E~ and Z, the last two not being independent of each other, since 
they are correlated by a linear kinetic compensation law of the following type: 

l o g Z =  a . E ~  + b (5) 

In the present paper a trial has been made to compare the kinetic parameters 
derived from T G  data obtained under dynamic temperature conditions with those 
obtained under isothermal conditions. In order to modify as few procedural 
variables as possible, measurements have been performed by using the same 
thermobalance, the same sample holder, the same sample weight (100 mg) and the 
same atmosphere (air) as in our previous paper [18]. The only difference consisted 
in the temperature programme used. While a constant heating rate of 10~ 
was used in our previous study, in the present paper this heating rate has been 
maintained only until the working temperature T~ has been reached. After that the 
sample weight has been recorded at constant temperature. 

If  a type (1) rate law is valid, the graphical plot of g(~), given by (4), vs. time 
must be linear for a given n value, if  t exceeds the time ti necessary to reach the 
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working temperature T i. In order to verify the validity of eq. (1), experimental 
weight loss values have been transformed to conversions ~, and by using the 
formulae given in reference [20], where #(~) values have been calculated for all 
the six hypothetical reaction orders. The graphical plot of 9(~) vs. t showed 
a good linearity for one of the n values tried, generally beginning from ti, a s  seen 
from the example given in Fig. 1. 

It is worth mentioning that this linearity sometimes appeared only later, which 
is consistent with our earlier observations concerning the existence of two distinct 
kinetic stages. In the majority of kinetic runs, however, the first kinetic stage was 
accomplished in the heat-up period t < t~, as in the case of the example given in 
Fig. 1. 
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Fig. 1. Determination of rate constants for the thermal decomposition of [CoCl.,(p-toluidine)2]. 
n : 0  

1 - -  1 6 0 ~  2 -  1 7 0 ~ C ;  3 -  1 8 0 ~  

The slope of the straight line obtained gives the apparent rate constant k for 
the temperature T~ directly. Table 1 presents the n values which ensured the 
linearity of the above-mentioned graphical plots, as well as the rate constants 
derived for 7 complexes of  the type studied. 

It is significant that the n values obtained are in all cases identical with those 
reported earlier on the basis of TG measurements performed under dynamic 
temperature conditions, i.e. the same n value which ensured the linearity of the 
Coa t s -Redfe rn  plot is also derived from our isothermal measurements. This 
means that although the apparent reaction order n does not have the same physical 
significance as the reaction order in homogeneous kinetics, nevertheless it does 
have a definite meaning, i.e. it is more than a simple variation parameter. This is 
not in disagreement with our earlier statement that the physical meaning of 
kinetic parameters derived from T G  curves is rather obscure, and that it cannot 
be cleared up on the basis of thermogravimetric data [21]. These parameters exist, 
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Table I 

Rate  constants  of the  thermal  decomposit ion of [CoX2(amine) ~] type complexes, k x 104, s -~ 

p-toluidine 

m-toluidine 

o-ethyl-aniline 

A m i n e  X n 1 3 0  ~ 1 4 0  ~ 

C1 
Br 
I 
C1 
Br 
C1 
Br 

0 
2/3 

1 
0 

1/3 
0 

2/3 

m 

w 

0.795 

4.62 

17.1 

8.89 

145  ~ 1 5 0  ~ 1 5 5  ~ 1 6 0  ~ 1 7 0  ~ 1 7 5  ~ 1 8 0  ~ 

m 

44.7 

12.5 

m 

19.3 
89.2 

3.38 

m 

D 

m 

14.7 

3.87 
60.0 

21.0 

8.61 
114 

10.3 
17.5 

40.0 

m 

m 

26.0 

17.7 

35.6 

can be reproducibly derived and do characterize the thermal decomposition 
process. However the formal analogy with homogeneous kinetics does not allow 
us to assign the same physical significance to these parameters as in homogeneous 
kinetics. In order to clear up the meaning of these parameters, other physical 
investigations are also necessary besides the thermogravimetric ones. 

Table 2 

Activation parameters  for the thermal  decomposit ion of [CoX2(amine) 2] type complexes, 
derived from isothermal rate constant  values (isoth.), as compared to the same parameters 

derived from T G  measurements under dynamic temperature conditions (dynam.) 

A m i n e  

p-toluidine 

m-toluidine 

o-ethylaniline 

* Taken from [18]. 

X 

C1 
Br 
I 
C1. 
Br 
C1 
Br 

E a ,  k c a l / m o l e  

i s o t h ,  d y n a m . *  

29.9 25.3 
33.0 30.7 
57.6 32.3 
22.8 20.3 
28.8 26.8 
22.1 18.2 
25.1 23.6 

i s o t h .  

11.7 
14.4 
27.7 

8.3 
11.4 

8.7 
10.0 

l o g  Z 

d y n a m . *  

9.3 
12.4 
13.5 

7.1 
10.2 

6.4 
9.3 
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I f  the validity of  eq. (2) is assumed, the graphical plot of log k vs. 1/T must give 
straight lines. By using the rate constants given in Table 1, this graphical plot 
exhibits fairly good linearity, as seen in Fig. 2. 
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l I T  - 10 3 

Fig. 2. Determinat ion of  act ivat ion parameters  for  the thermal  decompos i t i on  of  [ C o X  2- 
(amine)2] type complexes 

1 - -  [CoCl~(p-toluidine)2]; 2 -- [CoClz(m-toluidine)2l; 3 -- [CoBr2(m-toluidine)2; 4 -- 
[CoBr2(o-ethylaniline)~]; 5 -- [CoCl2(o-ethylaniline)2]; 6 -- [CoBr2(p-toluidine)~]; 7 -- 

[CoI~(p-toluidine)21 

Thus, our experimental results are consistent with the validity of both eq. (1) 
and eq. (2). This allows us to derive E a values from the slopes of  the straight lines 
obtained, and Z values from the ordinate intercepts. These kinetic parameters are 
presented in Table 2; the same Table also gives the kinetic parameters derived 
from the TG curves recorded under dynamic temperature conditions, by using a 
constant heating rate of q = 10~ i.e. the Ea and log Z values of the second 
kinetic stage of the first de-amination reaction. 

The comparison of  these "isothermal" and "dynamic" activation parameters 
shows that under isothermal conditions one always obtains higher Ea and Z 
values than under dynamic temperature conditions. This is in very good agreement 
with our earlier observations concerning the influence of the heating rate upon the 
apparent activation parameters [17, 22, 23]. 

Both activation energy and pre-exponential factor diminish with increasing 
heating rate. Our isothermal measurements can be considered a boundary case, 
corresponding to zero heating rate. Thus, it is obvious that higher activation 
parameters can be expected than under dynamic temperature conditions. 

As far as the kinetic compensation law (5) is concerned, the graphical plot of  
log Z vs. E~, given in Fig. 3, exhibits good linearity. The compensation parameters 
a and b, derived by means of the least square method from our "isothermal" 
activation parameters given in Table 2, are presented in Table 3, together with 
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Table 3 

Kinetic compensation parameters for the thermal decomposition 
of [CoX2(amine)2] type complexes 

Isothermal measurements 
Dynamic temperature conditions* 

a b 

0.549 + 0.040 
0.534 + 0.020 

- -  4.02 -]- 1.34 
-- 3.75 __+ 0.52 

* Taken from [18]. 

N 

g 

i 
20 30 /-,0 SO 

E a ~ k c a [ / m o t e  

Fig. 3. Kinetic compensation effect in the thermal decomposition of [CoX~(amine)~] type 
complexes 

those reported earlier [18], derived from the TG curves recorded under dynamic 
temperature conditions. 

It is clear that these parameters are consistent with each other within the limits 
of experimental error. The a values obtained are very close to those reported for the 
de-amination of [Co(dioxime)2(amine)~] X type complexes [24], but much higher 
than the a values observed in the case of the thermal decompositions of carbonates 
[23, 25]. 

Experimental 

The complexes studied have been synthesized as described in our previous 
paper [18]. 

Therrnogravimetric measurements have been carried out under the same 
conditions as reported earlier [18], with the exception of the temperature pro- 
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gramme. A constant heating rate o f  q = 10~ has been used from room 
temperature up to the isothermal working temperature Ti, and after this the 
temperature has been maintained at the constant value Ti. 
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R~SUM~ -- On a 6tudi6 les vitesses de d6composition de sept complexes du type CoX2(amine)z 
en se servant de la thermogravim6trie et en utilisant 3 temp6ratures diff6rentes pour  chaque 
compos6 (amine = amine aromatique).  On en a d6duit l 'ordre  apparent  de la r6action, 
la constante de vitesse, l '6nergie d 'activation ainsi que le facteur pr6exponentiel de l '6qua- 
t ion d 'Arrhenius.  On a compar6 les param6tres ainsi obtenus b. ceux qui ont  6t6 calcul6s 
part ir  des courbes TG enregistr6es dans des conditions d'6chauffement dynamique. On a 
obtenu le marne ordre de r6action mais pour  l 'activation, des param6tres plus 61ev6s qu'avec 
la thermogravim6trie dynamique. I1 semble cependant  que les param6tres caract6risant 
l 'act ivation suivant la m~me loi de compensat ion cin6tique lin6aire que ceux qui ont  ~t6 
publi6s pr6c6demment. 
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ZUSAMMENFASSUNG - -  Die thermische Zersetzungsgeschwindigkeit von sieben Komplexen 
des Typs C o X 2 ( A m i n )  ~ (Amin-----aromatisches Amin) wurde thermogravimetrisch unter- 
sucht undzwar jede Verbindung bei 3 verschiedenen Temperaturen. Die scheinbare Reak- 
tionsordnung, Geschwindigkeitskonstante, Aktivierungsenergie, sowie die Werte des pr/i- 
exponentiellen Faktors der Arrhenius-Gleichung wurden abgeleitet. Die erhaltenen Para- 
meter wurden mit denjenigen verglichen, welche von den unter dynamischen Temperatur- 
bedingungen registrierten TG-Kurven abgeleitet wurden. Dieselbe Reaktionsordnung, aber 
h/Shere Aktivierungsparameter als bei der dynamischen Thermogravimetrie wurden erhal- 
ten. Die abgeleiteten Aktivierungsparameter scheinen dem gleichen linearen kinetischen 
Kompensationsgesetz zu gehorchen wie diejenigen, tiber welche frtiher berichtet wurde. 

Pe3roMe - -  C noMombto TepMorpaBtlMeTpnti nccae~onana cKopocT/, TepMopacna~Ia 7 rOMn- 
aercoB Tnua [CoX~(amun)2] (aMaa = ap0MaTa~ecr~e aMama), npa Tpex paaan~r~ix TeMuepa- 
rypax. PaccqnTausi 3ria~ierlrI~l BI4~InMOrO n o p ~ r a  peartm~, KOnCTarITbI cKopocTI~, 3HeprrIII aK- 
ranattrm K npe~larcnoHemlnam~noro ~baKTopa ypaanenna Appennyca. IIoJiyuenm, m 3aa~erma 
epaBnenbi co 3Ha~eRnaMr~ napaMeTpoB, pacc~I4TanHblM~ nO I (pk IBla lM TF~ CI-/~IT/alM B nenaoTepMH- 
rteCKItX yCJIOBH~tX. YCTaHOB$IeHO, ~ITO B cayaae tl3oTepMltqeCKO~I TepMorpaBItMeTpHH nopfl~IOK 
pearuaa TOT ) K e ,  HO napaMeTpbi aKTHBa~tnr~ HMelOT 6oaee BblCOKOe 3I~a~enne. TeM ne MeRee, 
pacc~mTanur~m rmpaMeTpbi aKTI, IaaIlnI, I, IIOBM~I, IMOMy, y,~oaYIeTaOp~IIOT TOMy >Ice npaan~y J'm- 
He~HOti KHHeTla~eCKO/[ KOMtIeHcaIIl4rI, ~ITO kI paHee ony6aHKoBaH~bIe napaMeTp~i aKT~iBalIHH. 
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