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ABSTRACT 

The kinetics of the thermal decomposition of mixed ligand complexes of Mn(II), 
Cu(II), Zn(I1) and Cd(I1) containing N-(2-hydroxyethyl)-ethylenediamine and oxalate 
have been studied employing thermogravimetry (TG) and differential scanning calorim- 
etry (DSC). The activation energy of the first order reaction in which the complex loses 
one molecule of the amine was calculated using the equations of Dhsrwadkar and Kark- 
hanavala (modified Horowitz and Metzger equation) and Coats and Redfern from the 
TG data, and Swarin and Wims from the DSC data. These values are 23.45, 16.83, 19.62 
and 19.25 kcal mole-’ respectively, using the method of Dharwadkar and Karkhanavala. 
Infrared spectral studies of these complexes were carried out to determine the coordi- 
nating behaviour of the ligand in these complexes. 

INTRODUCTION 

The thermal decomposition of oxalate complexes has attracted the atten- 
tion of several workers [l-3]. The decomposition of K3[Cr(C204)J - 3 HzO, 
K~[Co(C20&] - 3 Hz0 and K3[Mn(CZ0&] * 3 Hz0 was studied by Wend- 
landt and Simmons [33. In the decomposition process, manganese(II1) and 
cobalt(II1) are reduced to the divalent state but in the chromium(III) com- 
plex no reduction occurs. The decomposition of hydrated oxalate complexes 
of nickel(II), cobalt(I1) and copper(I1) have also been studied [4]. In the 
case of Kz [Ni(C,04)J - 6 HzO, it loses water first and is then converted to 
NiO and K2C03, when heated in air. But in a nitrogen atmosphere, it is con- 
verted to Ni and KzC03. Haschke and Wendlandt [5] studied the decomposi- 
tion of mixed ligand complexes of zinc(II) and cadmium(I1) containing 
ethylenediamine and oxalate. In the cadmium complexes it was found that 
the ethylenediamine was lost before rupturing of the oxalate group occurred. 

According to Das Sarma and Bailar [6] the ligand N-(2_hydroxyethyl)- 
ethylenediamine(heen) may act as a bidentate as well as a tridentate ligand. 
In the first case, the two nitrogen atoms of the amino groups in the ligand 
coordinate with the metal, whereas in the latter case the additional -OH 
group may coordinate as such, or in a deprotonated form by using a suitable 
base. It was considered interesting to prepare and study the thermal decom- 

0040-6031/81/0000-0000/$02.50 0 1981 Elsevier Scientific Publishing Company 



376 

position of mixed complexes formed by using the potentially tridentate 
ligand N-hydroxyethylethylenediamine and oxalate with some metals as part 
of our programme on the thermal decomposition studies of mixed l&and 
complexes of metals. 

EXPERIMENTAL 

The ligand N(2-hydroxyethyl)ethylenediamine was obtained from Aldrich 
Chemicals and was used as such without further purification. The metal 
oxalates of manganese(II), copper@), zinc(I1) and cadm.ium(II) were pre- 
pared by adding equivalent amounts of oxalic acid to the solutions con- 
taining the above metal ions. The precipitated oxalates were air dried for 1 
day at room temperature before use in the synthesis of the complexes. The 
osalato his [N-( Z-hydroxyethyl)ethylenediamine] complexes were prepared 
according to the following method. Two-fold excess of the l&and was added 
to the metal oxalate, triturated and allowed to stand for 1 h. The resultant 
precipitate was filtered off, washed with ethanol and then with ether and 
dried in a vacuum desiccator. AU the metal ions formed complexes of the 
type M(II)(heen)&04, except in the case of cadmium where Cd(heen)C,04 
only could be obtained. The yield was about 90% in all cases. The metal 
content of the complexes was estimated by complexometric titrations with 
EDTA using suitable metal ion indicators after decomposing the complex 
with aqua regia. These results were confirmed by atomic absorption spectro- 
photometry using a Pye Unicam SP 191 model single beam atomic absorp- 
tion spectrophotometer. The oxalate content of the complexes was esti- 
mated by titrating the acidic solution of the complex with standard potas- 
sium permanganate solution. The carbon and hydrogen analyses were 
obtained employing a Coleman analyser. The IR spectra of the complexes 
were taken on a Unicam SP 1200 spectrophotometer as potassium bromide 
pellets. 

The thermograms of the complexes were obtained on a Stanton HTD 
thermogravimetric analyzer with a heating rate of 6OC min-’ in static air. 
The DSC curves were obtained using a Du Pont differential scanning calorim- 
eter, with a heating rate of 10” C min-’ . 

Methods used for calculating the activation energy (E) 

The method proposed by Coats and Redfem [7] determines the order of 
the reaction on the basis of thermogravimetric data based on a plot of 
log[l -(l -a)1 -n]/Z=(l --n) =A vs. l/TX 103, where CY is the thermal 
decomposition rate of the sample calculated from the TG curve from the 
formula (Y = (IV, - W)/(W - W,) in which WO, IV, and w are initial weight, 
final weight and weight of the sample at temperature T, respectively; n is the 
order of tha reaction. 

For a number of assumed values of n a number of such relationships are 
plotted and the correct value of n for a given thermal decomposition reac- 
tion gives a straight line. These linear plots are shown in Fig. 1. The activa- 
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Fig. 1. Linear plots for the determination of activation energy (R = 1) using the Coats and 
Redfern equation. (- ) Cu(heen)&04; (+- ) Zn(heen)&04; 
( -A -) Ivln(heen)2C204; (A ) Cd(heen)CzOa. 

tion energy E is then calculated from the equation 

E = 2.303 mR 

where m is the slope of the straight line found, R is the gas constant, and if 
n=l 

Dharwadkar and Karkhanavala [S] h ave modified the equation of Horowitz 
and Metzger to yield values of activation energy which are independent of 
the variation in sample size and heating rate. According to them, the modi- 
fied equation for the first order kinetics is 

ln[ln(l -a)-’ ] = Rs (TIFT ) tI+c 
i f i 

where (Y = fraction of the sample reacted; E* = activation energy; R = gas 
constant; Ti = temperature of the inception of the reaction; Tf = tempera- 
ture of the completion of the reaction; 57, = temperature at the point of 
inflection in the thermogravimetric curve; 0 = difference between T, and the 
temperature under consideration (2’) ; C = constant. 
The linear plots of l.n[ln(l --a!)-‘] vs. 8 are shown in Fig. 2. 

In the method proposed by Swarin and Wims [9] for determining the acti- 
vation energy from DSC curve, the following equation is used 

K = (A)“-1 mldt 
(A - ajn 

where K = rate constant; A = total area under the DSC curve; dET/dt = height 
of the DSC curve; a = area up to temperature T; n = order of the reaction. 

For different values of n, plots of in K vs. l/T are made and the correct 
value of n gave a straight line from which the activation energy of the 
decomposition reaction was calculated. 
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Fig. 2. Linear plots for the determination of activation energy using the Dharwadkar and 
Karkhanavala equation. (-1 Zn(heen)zC204 i (-1 
Mn(heen)zC204; ( -X- ) Cd(heen)C204; ( A) Cu(heen)&04. 

IR spectral studies 

The IR band positions and their assignments are listed in Table 1. The free 
ligand shows a band at -3300 cm-’ corresponding to the hydrogen bonded 
-OH group. In those complexes where the ligand is bide&ate with a free 
-OH group, this band occurs at 3360 cm -I. In the present case all the com- 
plexes have shown the v(OH) band around 3340 cm-‘, indicating that here 
the ligand is bidentate. A strong band at 795 cm-’ is assigned to v(M--O) and 
S(O-C = 0), and a strong band at 490 cm-’ is assigned to v(M-N). These 
assignments of the bands indicate that the complexes have distorted octa- 
hedral structures, with the oxalate acting as a bidentate in the coordination 
sphere. Then the structure will be 

NH-CH,CH,OH 

Since the IR spectra of the intermediate monocomplexes did not show 
any change in the Y(OH) band position, they are apparently four-coordinate 
complexes. However, polymeric structure is not niled out. 

Thermal decompos[tion studies 

The thermal decomposition curves of these complexes are shown in Fig. 3. 
Every complex shows a definite curve plateau after the loss corresponding to 
one amine molecule, indicating the formation of a stable complex with one 
amine ligand. In the case of the cadmium complex, stable anhydrous cad- 
mium oxaIate is formed. On further heating of the monoamine complexes, 
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Fig. 3. Thermal decomposition curves of oxalato(heen) complexes. 1, Mn(heen)zCzOa; 
2, Cu(heen)2C204; 3,Zn(heen)zC204; 4, Cd(heen)CzOQ. 

simultaneous decomposition of the amine and oxalate occurred, with the 
metal oxide as the final product. 

The stable intermediates were isolated in the case of Mn(II), Zn(I1) and 
Cu(I1) after careful heating of the complexes at the proper temperature 
range as ascertained from the thermograms. The carbon, hydrogen, metal 
and oxlate analyses have confirmed that these are [oxalato mono-(hydroxy- 
ethyl)ethylenediamine]metal(II) complexes. The analytical data are given 
in T&le 2. The decomposition temperatures for the his-mono transitions of 
these complexes are [Mn(heen)&04] 250-330” C, [Cu(heen),C,O,] 220- 
3OO”C, [Zn(heen)&04] 230-320°C. The loss of one ligand molecule in the 
case of the [ Cd(heen jC,O,] complex occurred between 240 and 320” C. 

The values of activation energy obtained from the three different methods 
are listed in Table 3. Considering the approximations involved in developing 
these equations and the precision of the experimental data, the agreement 
between the two sets of data (i.e. horn TG and DSC methods) is quite satis- 
factory. From these vaIues the order of decreasing activation energy is 
Mn(I1) > Cd(II) = Zn(I1) > cU(I1). 

TABLE 3 

Values of activation energy (kcal mole-‘) calculated by different methods 

Complex Method 

Karkhanavala Coats and 
Redfem 

DSC 

Mn(heen)2Cz04 23.45 23.85 24.57 
Cu(heen)&Oe 16.83 18.24 18.10 
Zn(heen)&04 19.62 20.79 23.36 
Cd{ heen& 19.25 21.3 
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Since Mn(II) ion contains the half-filled d5 electron configuration, making 
it very stable, the corresponding complexes are thermally stable. In the 3d 
series, from Mn(II), electrons are added to the 3d energy level, until at Zn(II) 
a stable energy state with d lo electronic configuration is obtained. Due to 
this zinc(H) complexes could be expected to have a higher thermal stability 
than the complexes formed by copper(H). A similar trend in the thermal 
stability was obtained by Horowitz and Perros [lo] for bis-(8-hydroxy-5- 
quinolyl)methane coordination polymers and metal oxinates. In the thermal 
decomposition of the mixed ligand complexes of zinc@) and cadmium@) 
containing oxalate and ethylenediamine, almost the same value of the acti- 
vation energy was obtained for both the complexes, which is similar in the 
present case. 

CONCLUSION 

The ligand N-(2-hydroxyethyl)ethylenediamine acts as a bidentate ligand 
in the mixed ligand complexes of Mn(II), C!u(II), Zn(H) and Cd(H) con- 
taining oxalate. On heating, these complexes lose one mole of amine and 
kinetic analysis has indicated this step to be a first order reaction. The activa- 
tion energies obtained are in the order: Mn(I.I) > Cd(I1) = Zn(I1) > Cu(II). 
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