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A study was made of the thermal decompositions of 22 derivatives of [M(en)3]Xz 
type complexes. Partial de-amination leading to the formation of [M(en)2X2IX type 
complexes occurs in the case of M = Cr(III) if X = CI, Br, 1 or NCS, but in the 
case of M----- Co(III) it is possible only if X = CI. In other cases redox reactions 
hinder the formation of stable intermediates. Kinetic parameters were derived for 
the dehydration of 19 compounds. 

The validity of a linear kinetic compensation law was observed. The dependence 
of the kinetic compensation parameters on the nature of the thermal process is 
discussed. 

Of the hexamine complexes of polyvalent metals, those of the type [Mtm~(dia - 
mine)3] m+, containing aliphatic diamines such as ethylenediamine (en), 1,2- and 
1,3-propylenediamine (pn), or their N-substituted derivatives, deserve special 
interest. Complexes of this type have been reported for Ni 2+, Cu 2+ [1 ], Co 3+ [2], 
Cr 3+ [3], Rh z+ [ 4 - 5 ] ,  Ir a+ [6] and Pt 4+ [7]. The derivatives of divalent metals 
are not too stable, decomposing in aqueous solution even at lower pH values. 
In contrast, the analogous derivatives of tri- and tetravalent metals are fairly 
stable, typical second-order chelates, with asymmetrical structure [8]. 

Pfeiffer and al. [9, 10] observed that some [Co(en)z]Xz complexes undergo par- 
tial de-amination at 150-200 ~ with the formation of cis-or trans-[Co(en)2X.,]X 
type compounds. A similar phenomenon has been observed by O'Brien and Bailar 
[11 ] with analogous chromium-Ill) complexes containing 1,2- and 1,3-propylene- 
diamine. It is worth mentioning that a thermal matrix method has been developed 
by Wendlandt and al. [12, 13] for this partial de-amination reaction. This method, 
involving the thermal treatment of mixtures formed from [Cr(en)z]X~ and ammo- 
nium salts, containing mono- and divalent anions, allowed the synthesis of several 
new diacido-tetramine chromium complexes. 

The kinetics of the thermal de-amination were studied earlier for some [Cr(en)~]X3 
complexes on the basis of TG curves recorded under isothermal and dynamic 
conditions [14]. The formation of relatively stable intermediates [Cr(en)zX2]X was 
observed, and increase of the apparent activation energy in the sequence X = C/, 
Br, J was reported. House and Bailar [15] later made similar investigations under 
"isothermogravimetric" conditions. 
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George and Wendlandt [16] and Bassett, Grzeskowiak and O'Leary [17] have 
observed analogous partial de-amination reactions in the case of  [Ni(en)z]X2 and 
[Ni(R-en)3]X2 (R = ethyl, propyl, hydroxyethyl, hydroxypropyl), via TG and DTA 
measurements. 

As far as the partial de-amination of  the analogous complexes of  other tri- and 
tetravalent metals is concerned, no experimental data have been reported, except 
for a single paper by Lazerko and al. [18], dealing with the thermal decomposition 
of  [Co(en)3]Cl3.3H20. From measurements in various atmospheres, these 
authors presume partial de-amination to occur, as in the case of  the analogous 
chromium(Ill) complex, with the formation of trans-[Co(en)2Cl2]Cl. 

All the complex cations of  the type studied can form a large number of deriva- 
tives with simple and complex anions. Most of  the products are well-defined, 
unitary, crystalline substances, also containing water of crystallization. 

In the present paper the thermal decomposition of  22 complexes has been stud- 
ied by different methods of  thermal analysis. These complex salts are listed in 
Table 1. 

Table 1 

[M(en)3]rXs �9 tH20 type complexes studied 

G r o u p  C o m p o u n d  M r X s t 
i 

I 
II 

III 
IV 

V 

VI 
VII 

VIII 
IX 
X 

XI 

C o  

Co 
Co 
Co 

Co 

Co 
Co 
Co 
Co 
Co 
Co 

C1 
I 
CNO 
NO3 

Br 

Cr207 
[Co(NH3)2(NO2)4] 
[Co(DH)2(SO 8)(NCS) ] 
[Co(DH)2(SO3)(N02) ] 
[Co(DH)z(SO3)2] 
[Co(DH)2($203)2] 

XII 
XIII 
XIV 

XV 
XVI 

XVII 
XVIII 

XIX 

XX 
XXI 

XXII 

El" 

Cr 
Cr 

Cr 
Cr 

El" 

Cr 
Cr 

Co 
Co 
Co 

C1 
I 
SbS4 

Br 
NCS 

[Co(DH)z(SOz)(NCS)] 
[Co(DH)2(SO3)(NO2)] 
[Co(DH)2(SO3)2] 

NCS 
NCSe 
C104 

3 
1 
3 
3 

3 

1.5 
1 

22 
19 
8 
2 

3 
1 
1.5 

3 
1 

16 
14 
6 

0 
0 
0 

DH~ = dimethylglyoxime 

J. Thermal Anal. 7, 1975 



Z S A K O  et al . :  K I N E T I C  A N A L Y S I S  O F  T G  D A T A  43  

The thermal behaviour of  the perchlorate XXI I  is determined by the oxidizing 
character of  the anion. All the other compounds exhibit gradual decomposition, 
the first stage of  which is dehydration in the case of  compounds I - X I X .  After 
the water of  crystallization is lost, all thermal decomposition reactions involve the 
transformation of  the complex cation. The most interesting of them is the following 
de-amination reaction: 

[M(en)3lX3 = [M(en)2X2lX 4- en (1) 

Ld 
i DTA 

Z,T 

_ ~ r  (en)3]Ci33H20 TG 

20 [C r ( e n )3]C"3 

:~40 ~Cr (en)2C.[~C I 

2 DTA 

w l  

~r  (en)~(NCS)3 H20 

~T 

~gNcs)]- - rd 
t~ 10 
E 

~ 20 
~-~ Ec r (e n )2( N -C S-)~-N C - - S ~ ~  4o3~ 

I I [ J I 

3 

_ Ec~ n)2C ~] cl 

- ~Co(en)2( NCS):~ NCS 

I l I [ I 
20 50 100 150 200 250 20 50 I00 150 200 250 

Temperature, ~ Temperature, o C 

Fig. 1. TG and DTA curves of some tris-ethylenediamine complexes. Sample weight: 150 
rag: 1 -- Compound XII; 2 -- Compound XVI; 3 -- Compound l; 4 -- Compound XX 

Reaction (1) leads to the formation of a relatively stable intermediate, especially 
in the case of  compound XVI, but it can be clearly observed with XH, XII I  and 
XV too. Two typical examples are given in Fig. 1. As seen f rom the DTA curves 
of  XH and XVI, reaction (1) is endothermic. 

Reaction (1) may also be expected to occur in the case of  Co(IH) complexes, 
if the anion X is a simple one. However, in the case of  complexes I I - V ,  XX and 
XXI, the DTA curves show an exothermic peak, which can hardly be assigned to 
reaction (1). On the other hand, the T G  curves are not consistent with the forma- 
tion of [Co(en)2X2]X type intermediates either (see Fig. 1). Only in the case of  a 
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single compound, viz. I, can reaction (1) be presumed to occur. As seen from 
Fig. 1, a slow endothermic reaction begins after the completion of the dehydration, 
similarly as for the analogous chromium(III) complex, but it does not lead to the 
formation of a stable intermediate. Presumably, at higher temperature another 
reaction is superposed, involving the further decomposition of the complex ion. 
The shape of the TG curve, Lazerko's observations concerning the decomposition 
of trans- [Co(en)2Cl2]Cl (the presumable intermediate), and especially the appear- 
ance of a sharp endothermic peak on the DTA curve (see Fig. 1), are consistent 
with this. 

Thus, reaction (1) seems to be real in the case of Co(III) complexes only if 
X = CI. The exothermic character of the decomposition in the case of complexes 
I I - V ,  XX and XXI suggests that the thermal decomposition also involves redox 
reactions, viz. the oxidation of the ligands by the central Co 3§ ion. Taking into 

Table 2 

Kinetic parameters of the dehydration 

Compound ~ Ea, n kcal/mole log Z 

I 

II 

III 

IV 

V 

VI 
VII 

VIII 
IX 

X 

XI 
XII 

XIII 
XIV 
XV 

XVI 

XVII 
XVIII 

XIX 

10 
3 

10 
3 

10 
3 

10 
3 

10 
3 

10 
10 
10 
10 

10 

10 
10 

3 
10 
10 
10 
10 
3 

10 
10 
10 

1/3 
1/3 
1/3 
1/3 
2/3 
2/3 

2/3 
2/3 
2/3 
2/3 
1 
1 
1 
1 

1 

2 
1 
1 
1 
1 
1 

2t 3 
213 
1 
1 
1 

14.2 
16.1 
22.3 
23.8 
18.3 

9.6 
19.4 
18.7 
19.5 
17.9 
18.3 
26.2 
13.7 
13.7 
27.5 
10.3 
22.3 
10.1 
22.3 
15.4 
21.3 
23.3 
22.3 
16.7 
12.6 
11.5 
14.3 
18.3 
21.7 

5.9 
6.4 

11.0 
11.1 

8.3 
2.5 
8.4 
8.3 
8.1 
8.7 
8.6 

14.8 
6.4 
6.2 

15.4 
3.9 

11.9 
3.8 

12.3 
6.4 
9.6 

11.6 
10.4 

8.1 
5.4 
4.6 
6.8 
9.3 

11.6 
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account the much higher oxidizing character of  Co 3+ as compared to Cr ~+, the 
different thermal behaviours of  Co(III) and Cr(III)  complexes appear  easily 
explainable. In these redox processes the outer sphere anion can play an important  
par t  as electron-donor [19], which might explain the special behaviour of  the 
chloro derivative. 

o 

Z 

A 

200 400 600 
Temperature~ ~ 

Fig. 2. TG curves of some [Cr(en)3] 3+ derivatives 
A [Cr(en)3]2[Co(DH)2SO3NCS]3 �9 16H20, end-product Cr20.~ + CocO 4 
B [Cr(en)z][Co(DH)2(SO3)2] �9 6 H z O ,  end-product 1/2 Cr203 + 1/3 Co304 
C [Cr(en)3]2[Coz(DH)2SO3NO~]3 �9 14H20, end-product Cr,.,O3 4- Co304 
D [Cr(en)3]SbS 4 �9 1.5H20, end-product 1/2 Cr,,O 3 + 1/2 Sb,,O:j 

Since clear de-amination reactions have been observed with only a few chro- 
mium complexes, the kinetic analysis of  the T G  curves has been limited to the 
first stage of  the thermal decomposition, involving the loss of  the water of  crystal- 
lization and observed with the majority of  the complexes studied (see Figs 2, 3). 

For  this purpose Coats and Redfern's integral method [20] was used. The 
following apparent reaction orders were tried: n = 0, 1/3, 1/2, 2/3, 1 and 2. 

The apparent  reaction order ensuring the best linearity of  the C o a t s - R e d f e r n  
plot is given in Table 2. One can see that if two different heating rates were used, 
the same n value was obtained. Table 2 also contains the apparent  activation 
energy values derived f rom the slopes of  the straight lines obtained. The ' log Z 
values given in Table 2 were calculated by means of the formula [22] 

log Z = log g(~) - log p(x)  + log Rq - log E a (2) 
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where g(c 0 is the integrated conversion function, p(x) is the exponential integral 
tabulated in [22], x = Ea/RT, and Ea is the apparent  activation energy. The heating 
rate q is given in units of  ~ 

As seen f rom Table 2, the activation energy values increase with decreasing 
heating rate in the case of  all substances studied under two different conditions, 

I I I I I 
2O0 400 60O 

Temperature, ~ 

Fig. 3. TG curves of some [Co(en)3] 3+ derivatives 
A [Co(en)3]2[Co(DH)2SO3NCS]3 �9 22H20, end-product 5/3 CozOa 
B [Co(en)3][Co(DH)2(SO3)2] �9 8H20, end-product 2/3 Co304 
C [Co(en)3]2[Co(DH)2SOaNO2]3 �9 19H20, end-product 5/3 CozOa 
D [Co(en)3][Co(DH)z(S203)2] �9 2H~O,  end-product 2/3 Co304 

excepting only XVI, although different apparatuses were used with the two differ- 
ent heating rates. 

This result is in good agreement with our earlier observations [23, 24]. 
The C o a t s -  Redfern plot sometimes indicated two distinct kinetic stages in the 

dehydration process, i.e. two linear portions with differing slopes, although both 
DTA and D T G  curves showed a single process. In the case of  I I I  the first kinetic 
stage corresponds to a lower activation energy. A similar phenomenon was ob- 
served previously [24, 25 ], the first stage being presumed to consist of  the decompo- 
sition of a surface layer of  the crystals. In the case of  complexes IX and X, as seen 
f rom Table 2, the first kinetic stage needs a higher activation energy, than the 
second. This effect is presumably due, to the hindered diffusion of the water 
vapour  in the second kinetic stage, which makes the T G  curves flatter. In terms of  
the kinetic parameters derived f rom the T G  curves this means smaller Z values 
[26] and owing to the kinetic compensation effect smaller E~ values too [27]. 
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As far as the dependence of the E~ values on the nature of the anion is con- 
cerned, the following sequences have been observed: 

Co(III) complexes: C l  < B r  < C N O  < N O 3  < I, 

Cr(III) complexes: N S C  < C1 < B r  < SbS4  < L 

These-sequences are very close to the sequence of increasing polarizability. 
Since the water of  crystallization can be presumed to be bonded to the anion in 
these complexes, this activation energy sequence suggest that, to some extent, this 
kinetic parameter is determined by the water-anion bond strength. 

Our earlier experiments showed the kinetic parameters Ea and Z not to be inde- 
pendent of  each other. For a given thermal decomposition and in a series of  com- 
pounds of analogous structure, both kinetic parameters depend on the working 
conditions and on the nature of the different substituents. This dependence fre- 
quently takes the form of the following linear compensation law: 

l o g Z = a E  a + b (3) 

As seen from Table 2, the higher the activation energy, the higher also the log Z 
value in general. Thus, the validity of a compensation law type [3 ] can be expected. 
The graphical plot of log Z vs. E~ shows approximate linearity, as seen from 
Fig. 4. 

i 

10 15 20 25 
Ea~kcal / mole 

Fig. 4. Kinetic compensation effect on the dehydration of the complexes studied. 1 -- calcu- 
lated for groups 1 + 4; 2 -- calculated for groups 2+ 3 + 5+ 6. �9 -- groups 1 + 4; x -- groups 

3+6; � 9  groups 2+5 
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The experimental  points  can be seen to be disposed in  two distinct straight l ines; 
the compounds  of groups 1 and  4 (see Table  1) give straight line 1 and  these of  
groups 2, 3, 5 and  6 straight line 2. 

I n  order to test the legitimacy of  this division of the compounds  into two classes, 
the kinetic parameter  data  were subjected to statistical analysis. To this end the 
kinetic compensa t ion  parameters  a and  b were calculated for different groups and  
group  combina t ions  of  the compounds  studied, by using the least squares method.  
In  each case errors were calculated in the no rma l  statistical way, by using tabula ted  
to.95 factor values. Results of  these calculat ions are given in  Table 3. 

Table 3 

Kinetic compensation parameters calculated for different groups and group combinations 
of the complexes studied 

Group Number of 
combination experimental a b 

points 

1 + 2 + 3 + 4 + 5 + 6  
1+2+3  
4 + 5 + 6  

3 
6 
3+6 

1 

4 
1+4 

1+2 
4+5 
1 + 2 + 4 + 5  

3+2 
6+5 
3 + 6 + 2 + 5  

29 
19 
10 

8 
3 

11 

9 
4 

13 

11 
7 

18 

10 
6 

16 

0.638 _ 0.057 
0.659 -I- 0.072 

-- 2.99 + 1.06 
-- 3.42 _ 1.36 
-- 1.78 + 0.63 

-- 2.98 -I- 0.49 
-- 2.49 + 3.43 
-- 2.95 + 0.23 

- -  3 . 2 3  _ 1 . 4 9  

-- 3.26 _ 5.93 
- -  3 . 3 1  + 1 . 0 4  

- -3 .10+ 1.74 
- -  1 . 6 6  _ 1 . 4 0  

-- 2.39 _ 1.41 

-- 3.10 _ 0.65 
-- 3.12 + 0.68 
-- 3.08 + 0.45 

0.573 _ 0.110 

0.675 _ 0.021 
0.648 _ 0.187 
0.673 + 0.016 

0.612 _ 0.081 
0.620 + 0.285 
0.619 • 0.054 

0.613 + 0.095 
0.550 -t- 0.097 
0.580 -]- 0.077 

0.675 _ 0.035 
0.679 + 0.042 
0.675 -1- 0.025 

Table 3 indicates that  there is no reason to divide the compounds  studied in to  
cobal t  and  chromium complexes. On the other  hand,  the compounds  conta in ing  
complex anions  (groups 3 + 6) give excellent linearity. Of  the salts conta in ing  
simple anions,  the best l ineari ty is ob ta ined  for the group combina t ion  1 + 4. 
As far as the compounds  of  groups 2 and  5 are concerned,  it is clear that  they 
belong more to the group combina t ion  3 + 6, than  to 1 + 4. Their  inclusion in  
the former increases the error  of the a value by 0.009 kca1-1, and  in  the latter by 
0.023. Thus,  the most  legitimate division into 2 classes of  the compounds  studied, 
is that  given in italics in  Table  3. In  Fig. 4 the straight lines 1 and  2 correspond 
to  these parameters.  
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Table 4 

Kinetic compensation parameters for different type thermal decomposition reaction 

Reaction 

CaC03 = CaO + CO,, 
de-amination of [CoXz(amine)2], second stage 
de-amination of [Co(Diph.H)z(amine)elX 
de-amination of [Co(Niox.H)2(amine).,]X 
de-amination of [Co(DH)2(amine)2]X 
de-amination of [CoX2(amine)2], first stage 
dehydration of [M(en)3]rX s �9 tH20 type salts 

with simple anions 
dehydration of [M(en)3]~.Xs �9 tHzO type salts 

with complex anions 

0.195 
0.416 
0.446 
0.501 
0.517 
0.534 

0.619 

0.675 

- -  1 . 8 6  

--3.47 
--2.55 
--2.09 
--2.75 
--3.75 

--3.31 

-- 3.08 

Reference 

28 
25 
27 
27 
27 
25 

this paper 

this paper 

Diph.H~ = diphenylglyoxime 
Niox.(H)2 = 1,2-cyclohexanedioxime (nioxime) 

In Table 4 the compensation parameters obtained are compared to the analogous 
parameters derived for other thermal decompositions. The parameter a character- 
izes the sensitivity of Z towards changes in Ea. If  the reactions studied are ar- 
ranged in the order of increasing a values, some interesting conclusions can be 
drawn. Thus, results presented in this Table suggest that the stronger the leaving 
group is bonded, the smaller the compensation parameter a. The smallest a value 
has been reported for the thermal decomposition of CaCOa, which involves the 
complete decomposition of CO]- ions the major part of this ion leaving the 
crystalline lattice [28]. In the case of the de-aminations, the leaving amine is co- 
ordinated to a transition metal ion. The sequence of the a values is consistent with 
Co-amine bond strengths expected on the basis of the structure. In the case of the 
dioximine complexes the Co-amine bond must be stronger in the diphenylglyox- 
ime derivatives, owing to the electron-withdrawing effect of the aromatic rings, 
and weaker in the dimethylglyoxime derivatives, in good agreement with our 
experimental results. 

In the complexes [CoX2(amine)2 ] the presence of the seventh d electron of the 
central ion diminishes the Co-amine bond strength [25], but after the loss of some 
of the amine molecules, the remainder can be bonded even more strongly than in 
the dioximine complexes. This is why the lower a value derived for the second 
stage of this de-amination is not surprising. 

It is obvious that water of crystallization must be bonded more weakly to the 
anions, than the amine molecules in the inner co-ordination sphere of transition 
metal complexes. Thus, the high a values obtained are consistent with our above 
assumption. As regards the existence of two distinct classes, this too seems to be 
understandable, taking into account that simple anions create a stronger electro- 
static field than do complex ones. In this respect, only the behaviours of  the bro- 
mides and the thiocyanates (compounds of groups 2 and 5) seem to remain an 
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open question, but it must not be forgotten that the compensation parameters 
obtained are affected by considerable errors, and it would be unjustified to draw 
too categoric conclusions. 

The compensation parameters b are affected by even larger probable errors than 
the parameters a. Thus, there is no possibility of correlating their values with the 
characteristics of the reactions studied. 

Experimental 
Synthesis of [Co(en)z]X3 and [Cr(en)3]Y3 type complexes 

[Co(en)3]Cl3 �9 3H20:0.3 moles of ethylenediamine and about 2 g of active 
carbon were added to a solution of 0.1 mole of CoCI~ in 300 ml water. A strong 
air stream was bubbled through this solution for 4 - 5 hours. After this the solution 
was heated up to the boiling point, filtered and after cooling treated with the same 
volume of cc. HCI and the same volume of ethanol. The yellow, powdery, crystal- 
line product was filtered off and washed with ethanol. 

[Cr(en)3]2(S04)3 was synthesized as described by Pfeiffer [10]. 
The complex salts studied were obtained by double decomposition reactions, 

using 5 -10% solutions of [Co(en)a]Cl3 of [Cr(en)3]2(S04)3, depending on the 
solubility of the product. 

In order to perform the double exchange reactions, besides the easily available 
anions, some mixed bis-dimethylglyoximatocobalt(III) complexes were used, 
viz. Na2Co(DH)2(NCS)SO~, Na2Co(DH)2(N02)(S03), Na3Co(DH)2(S03)~ and 
Na3Co( D H)2( Sz03)~. 

These sodium salts were obtained from the Co(DH)~(H20)N02 and Co(DH)z 
(H20)(NCS) aquo-non-electrolyte type chelates by means of anatation and sub- 
stitution reactions as described by Ablov and Syrzova [29]. 

TG measurements were performed with a thermobalance constructed on the 
basis of literature data [30]. Sample weight: 100 mg. Heating rate: 10~ 
Atmosphere: static air. Platinum crucible. Some measurements were performed 
with a MOM Derivatograph [31 ]. Sample weight: 150 rag. Heating rate: 3~ 
Atmosphere: static air. Reference material: c~-A12Oa. Platinum crucible. 

References 

1. H. GROSSMANN and B. S. SCHOCK, Ber. dtsch, chem. Ges., 39 (1906) 1899. 
2. S. M. JORGENSEN, J. prakt.  Chem. 39 (1889) 8. 
3. P. PrEIFEER, Z. anorg. Chem. 36 (1903) 349; 55 (1907) 97. 
4. A. WERNER, Ber. dtsch, chem. Ges., 45 (1912) 1228. 
5. F. M. JAEGER, Rec. Trav. chim. 38 (1919) 171. 
6. I. LEBEDINSKII and M. FEDOROV, Izvest. Sektora Platiny, Akad. Nauk S.S.S.R., 15 (1938) 13. 
7. F. M. JAEGER, Z. Kryst., 58 (1923) 172. 
8. H. MATHIEU, Bull. SOC. chim. France, 6 (1939) 1258. 
9. P. PFEIFFER and H. HAIMANN, Liebigs. Ann. Chem., 346 (1906) 72. 

10. P. PlZEIEFER, Ber. dtsch, chem. Ges., 37 (1907) 4255. 

J. Thermal A n a l  7, 1975 



ZSAK6 et aI.: KINETIC ANALYSIS OF TG DATA 51 

11. T. D. O'BRIEN and J. C. BAILAR jr., J. Amer. Chem. Soe., 67 (1945), 1856. 
12. W. W. WENDLANDT and L. K. SVEUM, J. Inorg. Nucl. Chem. 28 (1966), 393. 
13. W. W. WENDLANDT and C. H. STEMBRIDGE, J. Inorg. Nucl. Chem., 27 (1965) 575. 
14. J. ZSAK6, Cs. V.~RHELYI and M. Sz~csL Rev. Roumaine Chim., 13 (1968) 1335. 
15. J. E. HOUSE and J. C. BAILAR, J. Amer. Chem. Soc. 91 (1969) 67. 
16. T. D. GEORGE and W. W. WENDLANDT, J. Inorg. Nucl. Chem. 25 (1963) 395. 
17. J. BASSETT, R., GRZESKOWIAK and B. L. O'LEARY, J. Inorg. Nucl. Chem., 32 (1970) 3861; 

J. Thermal Anal. 3 (1971) 143. 
18. G. A. LAZERKO. E. C. KOSINSKAIA and L. N. NEOKLADNOVA, Zhur. neorg. Khim., 3 

(1972) 720. 
19. P. KR6BL, Doctor Thesis, Babe,s-Bolyai University, Cluj, Romania, 1968. 
20. H. W. COATS and J. P. REDFERN, Nature, 201 (1964) 68. 
21. J. ZSAK6, J. Thermal Anal., in press. 
22. J. ZSAK6, J. Phys. Chem., 72 (1968) 2406. 
23. J. ZSAK6, E. Ki~KEDY and Cs. V/,RHELYI, J. Thermal Anal., 1 (1969) 339; Rev. Roumaine 

Chim., 15 (1970) 865. 
24. J. ZSAK6, E. K~KEOY and Cs. V~,RHELYL Prcc. 3rd Int. Conf. Therm. Anal. Davos, 

Switzerland, 1971, 487. 
25. Cs. VARHELYI, J. ZSAKO and M. BO/~RIU-FARKAS, Rev. Roumaine Chim. 1973, in press. 
26. J. ZSAK6, J. Chim. Phys., 66 (1969) 1041. 
27. J. ZSAK6 and M. LUNGU, J. Thermal Anal., 5 (1973) 77. 
28. J. ZSAK0 and H. E. Aaz,  J. Thermal Anal., 6 (1974)651. 
29. A. V. ABLOV and G. P. SYRZOVA, ZhLlr. neorg. Khim. 5 (1960) 1221. 
30. L. ERDEY and F. PAULIK, Magy. Tud. Akad. K6m. Oszt. K6zl. 5 (1955) 461; L. KI~KEDY~ 

P. KR6BL, ,~. SZURKOS and E. KEKEDY, Studia Univ. Babe~-Bolyai, Chem. 3 (1958) 99. 
31. F. PAUL1K, J. PAULIK, L. ERDEY, Z. anal. Chem. 160 (1958) 291. 

RESUME' -- On a 6tudi6 la d6composition thermique de 22 d6riv6s des complexes du type 
[M(en)3]x.~. La r6action de d6samination partielle qui amine  la formation des complexes 
du type [M(en)2X2]X se produit dans le cas de Cr(III), si X = Cl, Br, 1 ou CNS, mais 
dans le cas de Co(lII) elle n'est possible que si X = C1. Dans les autres eas, la formation 
d'interm6diaires stables est emp6ch6e par des r6actions d'oxydo-r6duction. On a calcul6 les 
param6tres cin6tiques pour la d6shydratation de 19 compos6s. 

On a constat6 la validit6 d'une loi de compensation cin6tique lin6aire. On diseute la mani6re 
dont  les param6tres de compensation cin6tique d6pendent de la nature du processus thermique. 

ZUSAMMENFASSUNG -- Die thermische Zersetzung von 22 Derivaten des Komplextyps [M(en)a]X 3 
wurde untersucht. Die partielle Deaminierungsreaktion, welche zur Bildung yon Komplexen 
des Typs [M(en).2Xz]X fiJhrt, tritt bei Cr(lll)-Komplexen in dem Falle X ---- C1, Br, I oder 
NCS auf, ist aber bei Co(lll)-Komplexen nur bei X = Cl m/Sglich. In anderen Fiillen wird 
die Bildung yon stabilen Zwischenprodukten durch Redoxreaktionen verhindert. Ftir die 
Dehydratation yon 19 Verbindungen wurden kinetische Parameter abgeleitet. 

Die Giiltigkeit eines linearen kinetischen Kompensationsgesetzes wurde beobachtet. Die 
Abh/ingigkeit kinetischer Kompensationsparameter yon der Beschaffenheit des thermischen 
Vorganges wird er6rtert. 

Pe3v0Me--HCCJ1e)IOBaH TepMopacna~ 22 nporI3BO~lHblX KOMIIJIeKCOB Trma [M(en)a] X z. Pearlmn, 
npnBo~laman i~ o6pa3oBaHmo KOMrUIeKCOB THrla [M(en)2X2] X, FIMeeTMeCTO B c~y~Iae Cr (III) 
rOMnJIeKCOB, B KOTOpblX X = C1, Br, I nJIVI NCS, B c~Iyqae ~Ke nporl3aO~HblX Co (III) 3Ta 
peaKtma BO3MOXHa TO~bKO nprI X ~ Cl. B ~pyrnx cay,faflx OKnCYmTeYimtO-BOCCTaSOBnTeJlbnt, ie 
pearuHrt MemaroT o6pa3oBanrno CTa0/~.l/bl-lblX npoMeXyTOqHblX coe)lrlseH1,fft. PaccqlaTaUbI rrtHe- 
THqecKHe napaMeTpbi ~lern~paTalIrm 19 coe~I, IHeHI, I~. 

O6Hapy~KeHa cHpaBe~IHBOeTb 3aKoHa YIHHeY'IHO~ KHHeTHxtecKogt KOMIIeHCallI, IH. O6cyxJIaeTc~t 
3aBt'ICIfMOCTb napaMeTpoB KHHeTI,IqecKoI~ KOMIIeHCatlHH OT xapaKTepa TepMH~leCKOrO npoiaecca. 
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