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Abstract

The thermal behavior of sulfamethazine Schiff base complexes with Co(II), Ni(II) and
Cu(ID) ions has been studied. The thermal stability of these complexes is discussed in terms
of the type of metal ions. The energies of activation were determined and discussed in
relation to the structure of the complex which is characterized by elemental analysis and IR
spectra.

INTRODUCTION

Schiff bases and their metal complexes are known to be biologically
important [1-6], and of interest in the catalysis [7-9] of various chemical
and photochemical reactions. Although the work on Schiff base complexes
drew the attention of many workers [10-13], yet it seems that little
attention has been paid to thermal studies of Co(II), Ni(II) and Cu(Il)
complexes of sulfamethazine Schiff base. Thus the present study describes
the thermal behavior of these complexes. The structure and the nature of
the complexes are investigated by elemental analysis and IR spectroscopy.

EXPERIMENTAL

All chemicals used in the present investigation were of high grade purity
from Bayer and were used without further purification.

Preparation of ligand

The ligand was prepared by the method of Diehl and Hach [14]. The
ligand has the formula shown.
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Formula of the ligand.

Preparation of complexes

A stirred solution of the ligand (0.01 mol) dissolved in 50 ml of ethanol
was mixed with metal salts (0.01 or 0.02 mol) dissolved in 20 ml ethanol.
The mixture was stirred for =1 h during which time the solid complex
separated and was then filtered off, washed with hot ethanol, then with
ether and dried in vacuo.

Apparatus and working procedures are the same as those previously
described [15-17].

RESULTS AND DISCUSSION

All the solid complexes were subjected to elemental analysis (Table 1).
The low conductance values (8.9-12.3 Q! cm? mol™!) indicate the non-
ionic character of the complexes [18] (Table 1).

The IR spectra of the complexes 1-3 show the disappearance of the
v(NH) band of the free ligand, whereas for complexes 4 and 5 the v(NH)
band is still observed. This indicates that the ligand in complexes 1-3
reacts through the phenolic and enolic OH resulting from the tautomeric
shift within the sulfonamide group [5]. Also, the IR spectra of complexes
1-4 show the shift of the C=N band to higher values indicating coordina-
tion through the azomethine nitrogen. For complex §, the C=N band is still
observed at the same position indicating that the C=N grouping is not
involved in complex formation. The above data indicate that the ligand
behaves as a dibasic tetradentate ligand for complexes 1-3, monobasic
tetradentate for complex 4 and neutral bidentate for complex 5.
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Complex 5.

The application of thermal methods of analysis in coordination chem-
istry drew the attention of some investigators [19-23] to solving the
problem concerning the bonding and structure of coordination compounds
and to calculating the kinetic and thermodynamic data for the solid state
reactions [24-26].

The DTA thermogram of complex 1 consists of a weak endothermic
peak at 110°C consistent with the loss of water from the surface of the
crystals [27]. An exothermic peak at 205°C is probably assigned to the
phase change of the complex. The exothermic peak at 275°C is assigned to
the melting of the complex which is consistent with the microscopic
observation of melting point. The strong broad exothermic peak at 395°C
includes the decomposition [28] of the complex with subsequent loss of the
organic portion leading to the final product CoO. The energy of activation
(E,) of this thermal decomposition was evaluated from the DTA thermo-
gram as in previous work [19,26]. From Arrhenius plots (Fig. 1). E, is
obtained from the slope as 27.2 kcal mol~! (Table 1).

The thermogram of complex 3 shows a broad endothermic peak at 124°C
correlated with the loss of water molecules [27]. The appearance of a
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Fig. 1. Arrhenius plots of complexes 1, 3, 4 and 5 constructed from DTA thermograms.
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strong broad exothermic peak at 295°C with a shoulder at 352°C may be
correlated with an overlap between two adjacent processes, presumably
melting and subsequent decomposition along the chelate bond and loss of
the organic molecule. This process may lead to the formation of a stable
oxidation product namely CuO [29]. The energy of activation of the thermal
decomposition was calculated from an Arrhenius plot as 4.46 kcal mol ™!
(Table 1).

The exothermic peaks at 252 and 286°C are assigned to bond breaking
between the metal ions and coordinated water molecules in complexes 4
and S respectively. This assignment is confirmed by the observation that the
relative areas of these peaks with respect to their preceding exothermic
peaks are different. These ratios are consistent with the higher water
content in complex 4 compared with complex 5. The exothermic peaks at
430-480°C combined with a broad shoulder near 570°C include various
processes of decomposition with the loss of the organic portion and the
subsequent oxidation of Cu,O to the final CuO product. The energies of
the thermal decomposition and melting of the complexes 4 and 5 are 26.4
and 28.5 or 23.8 and 21.6 kcal mol !, respectively. For complex 4 metal ion
centers are more rich in positive charge compared with complex 5. This
makes the coordination bond stronger in the first complex (4) and this is
reflected by the observed energies of activation, that is, higher in complex 4
compared with the corresponding thermal process in complex 5.
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