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Thermal Decomposition Studies of Lanthanide(III)
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Thermal decomposition studies of lanthanide(III) complexes
of diethylenetriaminepentaacetic acid (DTPA) in air is studied
using simultaneous TG-DTA. Nine lanthanides chosen are
La, Pr, Nd, Sm, Eu, Gd, Tb, Dy and Yb. The phenomenological
as well as the kinetic aspects of thermal decomposition is
described. Kinetic parameters are calculated. The stability of
the complexes in air is assessed.
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INTRODUCTION

In recent times, increasing interest has been developed on the thermal
decomposition studies including the kinetics and mechanism of metal com-
plexes. Both the isothermal and non-isothermal methods have been used
for the evaluation of kinetic parameters and for the elucidation of the mecha-
nisms of thermal decomposition reactions. In present studies, the thermal
decomposition studies of some diethylenetriaminepentaacetic acid (DTPA)
complexes of lanthanides using simultaneous TG-DTA techniques in two
distinct atmospheres, viz., air and nitrogen are discussed.

EXPERIMENTAL

All the lanthanide(III) complexones used for the present investigation
were prepared as described previously1. Lanthanide carbonate, (0.5 g; 1.15
mmol) and complexone (H5DTPA: 0.9 g; 3.3 mol) were taken in an round
bottom flask and 50 mL water was added in it. The reaction mixture was
shaken vigorously so that the complex was formed with the evolution of
carbon dioxide. When the reaction was complete, a clear solution was obtained
and the evolution of carbon dioxide ceased. The solution was filtered to
remove any unreacted reagents, if any. This solution was evaporated to
dryness on a boiling water bath to get the solid complex, which was dried
in vacuo over phosphorus(V) oxide.
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Complexes of La(III), Pr(III), Nd(III), Sm(III), Eu(III), Gd(III), Tb(III),
Dy(III) and Yb(III) with DTPA were prepared and characterized. The TG,
DTG and DTA curves of all the complexes were recorded on a Mettler
Toledo TGA/SDTA 851e thermal analysis system in air atmosphere in the
temperature region 30-800 ºC. The plateau in the TG curves, the peak temper-
atures and the peak widths in the DTG and DTA curves were tabulated.
The kinetic parameters such as order parameter (n), energy of activation (E),
pre-exponential factor (A) and entropy of activation (∆S) were calculated
for all the well-defined major decomposition stages using the Coats-Redfern2

equation. The mechanisms of the thermal decomposition reactions were
elucidated for various thermal decomposition stages of the complexes using
the mechanistic equations proposed by Satava3. A heating rate of 10 ºC/min
and a sample mass of ca. 3 mg have been used throughout the measurement.

RESULTS AND DISCUSSION

Among the nine DTPA complexes of the lanthanides studied, all the
complexes have only one water molecule each. These complexes are stable
at least upto ca. 200 ºC indicating that the water molecules are strongly
coordinated to the lanthanide ions. Moreover, the dehydration and the decom-
position of the complexes occur in distinct stages in all the complexes. The
final residue obtained in each of the complexes is the stable oxide, Ln2O3,
except that of Pr, for which the higher oxide, Pr6O11 is formed. All the
complexes undergo exothermic reactions in air. The exothermicity of the
decomposition reactions in air is attributed to oxidative decomposition.
The decomposition reactions complete at a temperature 520-640 ºC. The
stability orders of the complexes in air (on the basis of the DTG peak
temperature of the first decomposition stage as given in parenthesis).

In air: H2[Tb(DTPA)]·H2O < H2[Eu(DTPA)]·H2O = H2[Dy(DTPA)]·H2O
< H2[Nd(DTPA)]·H2O < H2[Gd(DTPA)]·H2O = H2[Yb(DTPA)]·H2O <
H2[Sm(DTPA)]·H2O < H2[Pr(DTPA)]·H2O < H2[La(DTPA)]·H2O.

Kinetics and mechanism of thermal decomposition reactions
The kinetics and mechanism of thermal decomposition reactions of all

the nine DTPA complexes of lanthanides have been studied using the Coats-
Redfern equation2 and the mechanistic equations proposed by Satava3.
The kinetic parameters calculated using the Coats-Redfern equation for
the decomposition of these complexes in air is given in Table-2. All the
complexes decompose in three stages in air. The salient features of the
kinetics and mechanism of DTPA complexes in air are discussed below.

The values of the order parameter for the decomposition of the nine
DTPA complexes of lanthanides in air are in the range 0.5-2.5. The values
of activation energy are in the range 56.2-543.7 kJ mol-1 in air. The highest
value of activation energy is observed for the second decomposition stage

4714  Kumar et al. Asian J. Chem.
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of the europium complex and the lowest value is obtained for the second
stage of the lanthanum complex in air. The values of pre-exponential factor
are in the range 1.02 × 105 - 2.81 × 1044 s-1, the lowest value being for second
stage decomposition of the lanthanum complex in air and the highest value
for the second stage decomposition of the europium complex. The values
of entropy of activation are directly related to the values of pre-exponential
factor. Positive values of entropy of activation are obtained for most of the
decomposition stages studied. A positive value of entropy of activation
indicates that the activated complex is less ordered than the reactant, while
a negative value of entropy of activation indicates that the activated complex
is more ordered than the reactant.

All the decomposition stages of the nine complexes of lanthanides with
DTPA follow the Mampel equation in air, suggesting that the rate controlling
process is random nucleation with the formation of one nucleus on each
particle. The kinetic parameters calculated using the mechanistic equation
are comparable with those obtained by the Coats-Redfern equation in all
the cases. Therefore, the proposed mechanism for the thermal decomposition
reactions of these complexes is acceptable.

Conclusion

All the nine diethylenetriaminepentaacetic acid (DTPA) complexes of
lanthanides studied have one water molecule each. These complexes are
stable at least upto ca. 200 ºC indicating that the water molecules are strongly
coordinated to the lanthanide ions. The dehydration and decomposition
occur as distinct stages in all the complexes. All the complexes undergo
decomposition in three stages in air. The final residue obtained is the stable
oxide Ln2O3 except for Pr, for which the higher oxide Pr6O11 is formed.
The decomposition reactions complete at a temperature range 520-640 ºC.
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