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Decomposition kinetics of iron (III)-diclofenac compound
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Abstract Non-isothermal decomposition of iron (III)-
diclofenac anhydrous salt was investigated by thermo-
gravimetry (TG) under different conditions in opened and
closed x-alumina pans under nitrogen atmosphere. To esti-
mate the activation energy of decomposition, the Capela
and Ribeiro isoconversional method was applied. The
results show that due to the lid cover different activation
energies were obtained. From these curves a tendency can
be seen where the plots maintain the same profile for closed
lids and almost run parallel to each other. Independently of
the different experimental conditions no remarkably dif-
ferent results have been obtained.
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Introduction

Several studies have been carried out on the metal dic-
lofenac compounds [1-5], which focus on their anti-
inflammatory activity, thermal behavior and spectroscopic
characterization. Fini et al. [3] studied by thermogravi-
metry (TG) and differential scanning calorimetry (DSC)
the diclofenac salts of one alkaline and two alkaline earth
cations where the nature of the salts was examined. Dif-
ferent hydrate forms and, especially for divalent magne-
sium compound crystalline transition was reported. Bucci
et al. [4] reported studies on divalent metal ions with
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diclofenac, which mainly consist of the determination of
stoichiometry from TG curves and other spectroscopic data
showing that the drug forms complexes with the metal ions.
However, the experiments carried out by these authors,
only mention the results of the thermal behavior but
without showing all thermoanalitical curves. The iron(IIl)-
diclofenac compound (Fe(Diclof);) was also investigated
by using spectroscopic techniques as well as the biological
activity of the administered drugs [5].

The aim of this work is to investigate the thermal
decomposition of Fe(Diclof); under non-isothermal cir-
cumstances, which was focused mainly on kinetic behav-
ior. The experiments were carried out at different heating
rates and two sample sizes, as well as in opened and
crimped aluminum pan, in order to determine the effect of
changed experimental conditions on the kinetic behavior
and thus to obtain reference values of activation energy.
Furthermore, the isoconversional method is used as a tool
to obtain reliable and consistent kinetic information with-
out the use of explicit kinetics models [6]. Thus, the acti-
vation energy (E,/kJ mol ') data were obtained applying
the isoconversional method proposed by Capela et al. [7].

Kinetic theory

In kinetic analysis under non-isothermal conditions it can
be considered the integral kinetic equation, defined by

_AE r exp(—2z)
P= kel | M)
EJRT

where f§ = dT/dt is a constant heating rate (7 is the tem-
perature and ¢ is the time), g(«) is the integral form of the
reaction model as a function of the extent of reaction «, A is
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the pre-exponential factor, E is the activation energy and R
is the gas constant.

Kinetic parameters are estimated by fitting Eq. 1 to
experimental data. As a consequence, the evaluation of the
integral on the right side of Eq. 1 known as temperature
integral is required. A difficulty arises from the fact that
this integral does not have an exact analytical solution.
Thus, it is convenient to approximate the integral of tem-
perature for some functions that yield suitable estimates to
these kinetic parameters.

In this work, the kinetic parameters are obtained using
an approximation to the temperature integral based on the
convergent of a Jacobi fraction proposed by Capela et al.
[7]. This approximation is a rational function, given by the
following equation:

o0

/ exP(—z)dz _exp(—x) X+ 14x? +46x + 24

x* + 16x3 4+ 72x2 4 96x + 24

2)

A characteristic experimental curve presents the
conversional fraction, «, as a function of the temperature
for a given heating rate, . For each fixed value of « there
are corresponding values T, for temperature, values T, for
activation energy and values A, for pre-exponential factor.

Replacing the integral in Eq. 1 by the approximation
given in Eq. 2 the following expression is obtained for
heating rate f§ as function of the x, = 10° / RT,:

_ exp(By — E;xy) E3x} + 14E2x% 4+ 46E,x, + 24
Xy Edxt + 16E3x3 + T2E2x2 + 96E,x, + 24

3)

where the activation energy is in kJ/mol and the parameter
B, is defined as:

) .

The estimates of the E, and B, can be obtained by the
non-linear fitting of Eq. 3 to the f values as a function of
Xy

Once the g(x) function has been determined for each
conversional fraction, o, the estimation of the Arrhenius
pre-exponential factor can be obtained from Eq. 4 and is
given by following equation:

72 T X
X

p

" R N
Ay = 1—0367(13(31)8(0‘) (5)
Experimental

The Fe(Diclof); compound was prepared by the stoichi-
ometric addition of iron (III) chloride to an aqueous solu-
tion of potassium diclofenac salt. The obtained precipitate
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was filtered, washed with distilled water, dried at 25 °C
and stored in a desiccator over anhydrous calcium chloride
to constant mass.

Simultaneous TG-DTA curves were obtained on SDT
2960 model, from TA Instruments. The stoichiometry was
obtained using around 7 mg sample mass in an o-alumina
crucible and heating rates of 20 °C min~" in synthetic air
with flow of 100 mL min~"'. The kinetic study parameters
were obtained using several heating rates (5, 10 and
20 °C min~") from 30 to 400 °C. Powdered samples of 2
and 5 mg (£0.05 mg) were placed to an o-alumina pan
with and without cover and under a nitrogen flow of
100 mL min~".

The diffraction patterns were obtained on a Siemens
model D-500 X-ray diffractometer, using CuKo radiation
(4 =1.54 A) and settings of 40 kV and 30 mA. This is
compound was also examined using Scanning Electron
Microscopy (SEM). The particles were sputter coated with
a thin and uniform layer of gold using a vacuum evaporator
and then examined using a Jeol model JSM-T-330A
microscope at an accelerating voltage of 20 kV.
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Fig. 1 Fe(Diclof); compound before thermal decomposition: a X-ray
powder diffraction patterns and b scanning electron microscopy
(SEM) micrographs at 2000 x
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Results and discussion

The X-ray powder diffraction patterns show that the
compound is non-crystalline as it can be seen in Fig. la
and b shows the SEM image of this compound, which is
characterized by irregular shapes with different sizes,
showing no regular or characteristic crystalline structures.

Simultaneous TG/DTA and DTG curves of this com-
pound are shown in Fig. 2a. The first mass loss (1.1%)
between 50 and 115 °C can be attributed to the loss of
adsorbed water. The dry compound is stable up to 185 °C and
above this temperature the thermal decomposition occurs in
two main steps. The absence of a large exothermic peak for
the first decomposition is probably due the existence of
equilibrium between the exothermic and endothermic pro-
cess, which present only one small exothermic peak as a
result of these simultaneous reactions. The second exother-
mic peak can be attributed to the oxidation of the remainder
of the ligand. Calculation confirmed the formation of Fe,Os.

Figure 2b shows the TG curves for Fe(Diclof); in
nitrogen atmosphere at a heating rate of 5, 10 and
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Fig. 2 a TG/DTA and DTG curves in synthetic air; b TG curves in
nitrogen atmosphere for 5 mg mass in open crucibles

20 °C min~' with 5 mg of initial sample mass in an
opened pan. As observed, the thermal decomposition takes
place progressively in single steps between 190 and
350 °C. TG curves for other conditions (open and closed
pan) also possess the same profile. The kinetic parameter of
this compound was obtained for the first decomposition
step.

Figure 3a shows the distribution of the heating rate, f3,
as a function of the 1000/RT, for conversion degree of 0.90
for 5 mg sample mass in an open pan. It can be observed
the adjustment variation for E1 values, which correspond to
the fitting for the activation energy, proposed by Capela
et al. [7].

The average values of the activation energy (E,) of the
kinetics data for all compounds are shown in Table 1,
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Fig. 3 a Diagram of dispersion of § versus degree conversion (o—
90%) for 5 mg in open crucible with the adjustment function; b
activation energy versus conversion degree

Table 1 Kinetic parameters and liner fit (r) for the thermal decom-
position step of Fe(Diclof);

Sample mass (mg) Condition *E./kJ mol ! *r

2 Open 125.22 £ 0.21 0.99443
Closed 93.13 £+ 0.13 0.99911

5 Open 114.27 £ 0.21 0.99651
Closed 97.06 + 0.09 0.99995

* Average
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where the resulting correlation coefficient has a good close
linear fit (r).

The activation energy (E,) versus conversion degree (o)
values, are shown in Fig. 3b. Thus, this difference was
associated to the heat conductivity of the cover on the
sample, etc., which lead to changes in the reactions [8—12].
From these curves a tendency can be seen where the plots
maintain the same contour for covered lids and almost run
parallel to each other. It indicates that both the analysis
conditions have the same behavior, independent of the
sample utilized. Furthermore, by using the same sample
masses applying open or closed lids differences between
the E, versus o plots have been observed. The closed pan
sample promotes a decrease in activation energy, which is
probably because of the heat of the reaction, which will
favor the decomposition step. However, for open pan,
activation energy has the same tendency but its numerical
value is higher. This fact is attributed to the flowing
nitrogen over the sample during the decomposition step,
which easily dissipates the heat generated and conse-
quently cools down the sample.

Conclusions

The presented results clearly showed that the opened or
covered sample pan as well as the different sample masses
has influence on the activation energy (E,) values. In
addition, in a previous work [11] for basic zinc carbonate it
was observed that the activation energy continuously varies
as function of the degree of conversion as well as decreases
with the increase of sample size, which was attributed to
the increase in the reaction temperature. In our case when
the studied compound is more complex compared to zinc
carbonate. Therefore, these data suggest that the activation
energy increases with the increase of sample mass in an
open crucible.
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