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Note

THERMAL DECOMPOSITION KINETIC PARAMETERS OF SOME
ORGANIC DECAVANADATES(I)

Jd.M. ARRIETA, M.J. TELLO and P. GILI
Fac. de Ciencias, Universidad del Pais Vasco, Bilbao (Spain)

(Received 6 August 1980)

Within the general field related to the polyanions of organic bases special
interest has arisen in the decavanadates since Evans [1] established the cor-
rect formulation of the decavanadate ion. Until now most work has dealt
with the inorganic decavanadates [1—5] and of those with organic bases only
the quinoline and isoquinoline decavanadates [6] have been synthesized.

As a next step in our program of studying the polyanions of organic bases
and taking into account the interesting results relating to molybdates [7,8],
we present in this paper a study of the thermal stability and kinetic param-
eters related to the thermal decomposition for a group of decavanadates of’
organic bases [(BH;3)3:H3V ;002 - xH,O with 0.5 < x < 2 and B = 2-methyl-
pyridine (=d,), 3-methylpyridine (=dJ;), 4-methylpyridine (= J;), 2-ethyl-
pyridine (= J;5) or 3-ethylpyridine (= J¢)] which were synthesized for the first
time in our laboratory [9] and which are enumerated in Table 1. The kinetic
study was made in a dynamic regime and the theoretical analyses were similar
to those described in a previous paper [7]. Therefore all the symbols used
here are the same as in ref. 10.

EXPERIMENTAL

The synthesis and characterization (IR, UV, NMR and X.ray diffraction)
are described in ref. 9. All the compounds have a low solubility in water and
dimethyl sulphoxide and are almost insoluble in the usual organic solvents.
Results of conventional chemical analysis appear in Table 1. Vanadio was
analyzed as V,0; before the thermal decomposition of each compound at
550°C for 2 h in an air atmosphere. This point was confirmed by means of
X-ray diffraction. The apparatus, experimental conditions and spread in the
processed data have been described in refs. 8 and 11.

RESULTS AND DISCUSSION

From Table 2 we can observe that all compounds studied exhibit a three-
step decomposition pattern leading to a residual weight equal to that
expected for VO, when the process is carried out in an atmosphere of nitro-
gen. This point was confirmed by means of X-ray diffraction. In order to
obtain complementary information, the « vs. ¢ curves were plotted for each
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step. From these plots we find that the first step of J,, J3, J4 and Js com-
pounds and the third step of J,, J4, Js and J¢ compounds correspond to a
reaction with an initial large induction period followed by an acceleratory
one up to a= 0.5. From this point a deceleratory period begins in which the
reaction rate is lower. For the first step of Js, second step of J, and third
step of J3 compounds we have the same physical situation but with a short
induction period. For the other steps the initial induction period has disap-
peared and the initial acceleratory period shows a high reaction rate. In any
case we find the more complicated reaction which appears in the molybdates
given in Fig. 2a in ref. 7. The experimental results indicate that the pathway
is not simple and therefore we cannot predict a clear pattern for each step
and only the whole process can be written as follows

(BH)3H3V10028 X HzO(S) =10 VO:(S) + gases

within the accuracy of Satava’s method from the plot of In F(a) vs. 1/7T the
straight line criterium is fulfilled in the three steps for all the compound by
the equation

(—In(1 — @)"? = KT

which gives a random nucleation mechanism as the rate-determining process.
From the plot it is observed that the process becomes more complex in the
successive steps. The activation energy values for each step are shown in
Table 2. In order to see the possible relation between the kinetic parameters
with the pK, values of the organic bases the pK, vs. E, and pK, vs. T; were
plotted and, although different from the molybdates, no conclusive results
were found on this point. It seems that in this case symmetry and steric
effects are more important as well as the possible formation of hydrogen
bonds between the substituent and the oxygen of the polyanion. The pos-
sible influence of the presence of water molecules in the first step of the
decomposition must also be taken into account. In order to advance in this
interpretation complete structural studies are being carried out in our labora-
tory.
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