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The decomposition of Co(NIA)2(H2O)4 in nitrogen atmosphere
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Abstract

The thermal analysis of Co(NIA)2(H2O)4 (NIA = nicotinate) in nitrogen has been investigated by thermogravimetry (TG), derivative
thermogravimetry (DTG) and differential thermal analysis (DTA). The isoconversional method was applied to estimate the activation energy
of decomposition. A comparison between the thermal process corresponding to nitrogen and air atmospheres has also been performed.
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. Introduction

Co(NIA)2(H2O)4 (NIA = nicotinate (see the structure be-
ow)) is a transition metal organic–inorganic composite
ompound with the novel three-dimensional supramolecu-
ar structure. It displays remarkably a cavity structure and
adder-type hydrogen bond chains. The formation of this
pecial structure is attributed to such a character that it has
wo carboxylates and four water molecules, which are strong
onor/acceptor in hydrogen bond interactions[1].

Metal complexes with heterocyclic nitrogen compounds
s organic ligands are of interest from the chemical and bi-
logical points of view. The effect of the structure of these
omplexes on the thermal decomposition has been studied in
ecent years. Mojumdar et al.[2–4] have reported the ther-
oanalytical studies of Mg(II), Cu(II) and Fe(III) complexes

with different heterocyclic nitrogen ligands. In our pre
ous paper we investigated the thermodynamic properti
Co(NIA)2(H2O)4 in air atmosphere[5]. It is well known tha
the gas atmosphere is the major factor that affects the
mal behaviour of the complex. Therefore, the present s
is concerned with the non-isothermal decomposition o
Co(II) complex with nicotinate in nitrogen atmosphere. In
dition, the thermal behaviour of Co(II) complex in nitrog
atmosphere is compared to that in air atmosphere.

2. Experimental

The synthesis of Co(NIA)2(H2O)4 is described elsewhe
[1]. The product was submitted to thermal analysis. All
experiments were performed on Mettler Toledo simultan
thermal analyzer (TGA/SDTA851e) with system interf
device and a computer workstation. All the samples w
placed in aluminum crucibles. Experiments were perfor
using sample sizes of 3± 0.3 mg. All the experiments we
conducted under nitrogen as the purge gas. The flow
∗ Corresponding author. Tel.: +86 431 894 9334; fax: +86 431 894 9334.
E-mail address:wangzc@mail.jlu.edu.cn (Z. Wang).

of the gas was 50 ml/min. The range of temperature studied
was from 50 to 750◦C, at the heating rates of 5, 10, 15 and
20◦C/min.
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3. Results and discussion

Fig. 1shows the TG and DTA curves obtained for exper-
iments at 5◦C/min under nitrogen atmosphere. The curves
show that the non-isothermal decomposition of the com-
pound in nitrogen undergoes three separate stages. The first
weight loss starts at about 90◦C; the decomposition curve
achieves constant weight loss of 20.57% due to the loss of wa-
ter (calculated value is 19.10%). The second stage takes place
between 390 and 460◦C and is accompanied by 49.62% mass
loss. It is attributed to the decomposition of 1.5 mol nicoti-
nate (calculated value is 48.95%). The final stage starts at
about 460◦C reaching a constant weight loss of 15.05% due
to the loss of 0.5 mol nicotinate to Co as final solid product
(calculated value is 16.31%).

The thermal reaction of complex in nitrogen can be rep-
resented as:

Co(NIA)2(H2O)4
90–180◦C−→ Co(NIA)2 + 4H2O

Co(NIA)2
390–460◦C−→ Co(NIA)0.5 + 1.5NIA

Co(NIA)0.5
460–700◦C−→ Co+ 0.5NIA

The DTA curve for complex shows three endothermic
peaks at 150, 422 and 517◦C ascribed to the loss of 4H2O,
1.5NIA and 0.5NIA, respectively.
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Fig. 2. Illustration for determining activation energy: plots of ln(dα/dt) vs.
1/T for the second step.

where dα/dtis the rate of the reaction,A the pre-exponential
factor,Ea the apparent activation energy, andf(α) an expres-
sion describing the kinetic model of the studied thermal de-
composition process[7].

The apparent activation energy of the decomposition pro-
cess in non-isothermal conditions can be calculated by the
isoconversional method of Friedman. The Friedman method
[8] follows from the logarithmic form of Eq.(2):

ln

(
dα

dt

)
= − Ea

RT
+ ln[Af (α)] (3)

Plots of ln(dα/dt) against 1/T should fit to a straight line
with a slope of−Ea/R. Such plots for the second decompo-
sition of complex in N2 atmosphere are presented inFig. 2.
The apparent activation energy can be calculated for various
values ofα.
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In non-isothermal experiments, the change of the sa
ass is shown as a function of temperature. The fract

xtent of reaction is expressed as:

= wi − wt

wi − wf
(1)

herewt is the sample weight at the timet, wi the initial
ample weight, andwf the final weight.

The differential kinetic equation can be expressed as[6]:

dα

dt
= A exp

(
− Ea

RT

)
f (α) (2)

ig. 1. TG and DTA curves of the complex at heating rate of 5◦C/min in
itrogen atmosphere.
ig. 3. A plot ofEa as a function ofa for three decomposition stages of
omplex in nitrogen.
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Fig. 3 displays the activation energy obtained by Fried-
man method for three decomposition stages in nitrogen at-
mosphere. The activation energies obtained are 186± 19,
247± 26 and 244± 25 kJ/mol for the first, second and third
steps, respectively. InFig. 3, we can see the dependences
of the activation energy on the extent of conversion. The
observed dependences suggest the occurrence of a multi-
step process in every stage of the decomposition of complex
[9,10]. In this work, the error limit is higher than 10% for
Friedman analysis. The source of error for Friedman analysis
may be due to that the temperature and rate of reaction are not
exactly defined at the same extent of conversion. Addition-
ally, the basic kinetic equation(2) rests upon the assumption
of single-step reaction that disagree with the multi-step nature
of reaction in three stages of the decomposition of complex,
thus introducing errors for Friedman analyses.

Comparing the results obtained with air[5] and nitro-
gen, similarity in the first stage and difference in the sec-
ond and third stages are observed. In air atmosphere, the
non-isothermal decomposition of the compound undergoes
two separate stages and the second stage is attributed to the
decomposition of nicotinate and the formation of CoO, cor-
responding to a strong exothermic peak in the DTA curve;
but in nitrogen atmosphere, it undergoes three decomposition
stages and the last two stages are attributed to the decomposi-
tion of nicotinate to cobalt metal, corresponding to two weak
e com-
p his
i com-
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i
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4. Conclusion

Co(NIA)2(H2O)4 is a novel organic–inorganic composite
compound. The decomposition of the compound has been
investigated by simultaneous thermal analysis at different
heating rates in nitrogen atmosphere. The compound expe-
riences three stages of weight loss, corresponding to three
endothermic peaks. Comparing the thermal decomposition
in nitrogen and air atmospheres, similar results are obtained
for the dehydration process and its activation energy is about
188 kJ/mol.
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