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The use of thermogravimetric analysis as a technique for determining the
bonding and structure of complexes has increased greatly in the last few
years. Most thermal studies on complexes have been of a qualitative nature,
but recently considerable work has been done on kinetic and thermodynamic
aspects of reactions in the solid state. Transition metal complexes containing
nitrogen donor ligands, e.g. ammonia and aliphatic di-, tri- and tetramines
have also been studied recently [1-5]. Studies on the thermal dissoctation
and kinetic parameters of copper(Il) complexes have been made but the
complexes of the type where cation and anion are both complex have not
been studied systematically [6].

EXPERIMENTAL

The thermogravimetric analysis was done on a thermobalance supplied by
FCI, Sindri. Mass loss was determined at a heating rate of 10°C min~! up to
1073 K.

RESULTS AND DISCUSSION

The rate of thermal decomposition of a complex has been determined by
the rate at one or more stages [7]. Computation of TGA data was carried out
in order to calculate the rate constant and apparent energy of activation
from the plots of [ —log_(1 — «)]'/" vs. time and —log,[—log (1 — a)]'/" /T2
vs. 10° /T, where n= 1. Similar plots were obtained for all the four com-
plexes from 573 K but different plots were obtained between 293 and 573 K.
The plots of the complex [Cu(en)(H,O),][Fe(CN),NO]-H,0 are given in
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Fig. 1. Relation between [~log.(l1 — a)]'”" and time for the complex [Cu(en)-
(Hzo)z][pe(CN)sNO]'H20~

Figs. 1 and 2 for clarity. Values of a were calculated from mass-loss data
using the expression & = (w, — w;)/(w, — w;), where w, = mass at time /temp.,
w,, = initial sample mass, and w; = residual mass at the end of the process.
All four complexes contain lattice water and coordinated water molecules
are present in ethylenediamine, propylenediamine and diethylenetriamine
complexes. The triethylenetetramine complex does not contain coordinated
water. Thermal decomposition begins with weight loss at 333 K, resulting in
loss of lattice water molecules. The de-aquation of lattice water molecules is
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Fig. 2. Relation between —log [ —log (1 — «)'/"/T? (where n =1) and 10°/T for the com-
plex [Cu(en)(H,0), [Fe(CN)sNO]-H,0.
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completed at 413, 453, 473 and 433 K, respectively, in the four compl
mentioned. This stage is indicated by the presence of a break in the
curve. The de-aquation of coordinated water molecules in the first t
complexes is completed at 473, 473 and 493 K, corresponding to a mass
of 2, 2 and 1 water molecules, respectively. The energy of activation
coordinated water has higher values than for lattice water, as expected.

The absence of any horizontal plateau in the TG curve indicated
successive decomposition steps overlap with one another. De-amina
begins at 473, 473, 453 and 433 K and is completed at 553, 513, 573
573 K, corresponding to weight loss of ethylenediamine, propylenedian
diethylenetriamine and triethylenetetramine, respectively. These results
pear reasonable as ethylenediamine and propylenediamine are of alr
equal strength as diethylenetriamine and triethylenetetramine in the spex
chemical series.

A small break is observed at 573 K in all four complexes, then
complex anion [Fe(CN);NOJ*~ begins to decompose with the evolutio
brown fumes of the NO group. This decomposition is completed at 59.
The CN groups decompose in the range 593-973 K for all complexes. Al
last stage, between 973 and 1073 K, the weight becomes constant ar
black residue, which is probably composed of metal carbides and nitrid¢
formed. All the observed and calculated values are given in Table 1.

Thus, it can be concluded that the cation portion in all the complex
less stable than the anionic portion. This is because the anion por
contains pi bonding ligands, ¢.g. NO and CN, which have empty anti-b«
ing orbitals and accept the electron density from the metal atom forr
stronger bonds. All the reactions have been found to be first order.
ligands can, thus, the arranged in the order of increasing strength: |
lattice < H,O coordinated < ethylenediamine ~ propylenediamine < dief
enctriamine ~ triethylenetetramine < NO < CN.
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