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ABsTRAcr 

A systematic study about the thermal decomposition kinetics in function of the 

substituted bases in (BH)zMoJOIB type compounds shows a decomposition pattern 
with three or two steps which are controlled by a random nucleation mechanism_ 

The thermal stability as we11 as the activation energy is studied as a function of 

the nature of the base, its symmetry and its pK’. 

INlRODUCIlON 

We have recently investigated the thermal decomposition kinetics of some 

molybdates of organic bases of sneral formula (BH),Mo,O,, with B = pyridine 
(BP), 2-methyl pyridine (M2). Zmethyl pyridine (M3). 4-methyl pyridine (M4) and 
quinoline (BQ) * -‘_ Only a few studies on the thermal decomposition of pyridine 

molybdates have been made in the past i - -(_ 
In this paper the thermal decomposition kinetics of some new tetramolybdates 

of organic bases is studied by thermogravimetry and differential scanning calori- 

metry. The bases were Z-, 30 and 4-erhylpyridine (F;2, E3 and E4); &I-; 2,5- and 
3,ldimethylpyridine (LI, L2 and L3) and 2-, 3- and 4aminopyridine (A& A3 and 
A4). This study lies within the scope of our progam of systematic investigation on 

molybdates of organic bases in two aspects: solid phase and dissolution. 

For comparison with previous studies r- ’ the kinetic study was made in a 

dynamic regime and the theoretical analysis by means of the satati method. There- 
fore, all the symbols used here are the same as in refs. 1.3 and 5. 

EXPERIMENTAL 

The compounds were prepared for 

experimental process, X-ray and infrared 
dissoIution are descrii in re& 6 and 7, 

the first time in our laboratory and the 

characterizations as well as the study in 
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AlI the: compounds have a. law solubrlity in watef and in the wual arga~ic 
soiv~lts, In the case of tht ethykompunds small cqcWs were obtied by means of 
a slow evapcwation_ From infrared studies it seems that there is no ccmrdination 
bonding betwaea the base and the metal. Moreover, the base seems protonated. 

Tlzqapparatus as well as the experimeutai conditions were described in refs_ 
8 and 9, Three runs were made rm all &he sampIes with a very good ~pr~uc~~irity_ 
The spread in the processed data is shown on each figure of the paper- 

From tkrsno~gwimetric and caforimetric curves we can obtain the stabifity 
iuterval for each compound studied (Table 1). The experimental results indicate that 
the pathway is not as simple as that found for the methyl compouncisf- Most of the 
decomposition cur-w~ for aff the compounds studied exhibit a decomposition pattern 
with three steps (exceptions are shown in Table I) leading to a residual we&t equal 
to that expected for Moos_ 271is point was confirmed by means of X-ray diffiction. 

It is abvious from this investigation that the dewmposition is a function of the 
nature of the base, its symmetry and its p& The weight fess for each step o&y 
reveals a ctear pattern in the following cases: 

(a) For the E3 and E4 compounds: 

1st step: (BH),Mo,O,. - 4Mo O@ t +S t Hz0 

2nd step: 4Mo Os$B 4 4Mo O,*B + I3 

3nd step: 4Mo 03fB -+ 4Mo09 + fB 

(b) For the E2 and L3 compounds: 

I st step: (BH),Mo,Q, 3 + 4Mo0,B i- B -$- Hz0 

2nd step, 4Mo0, + 4Mo0, fB +- fB 

3ud step: 4Mo O&B -+ 4MoOII -+- -$B 

From a very careful zmaIysh of the TG ~rves in the case of Z-me~y~p~dine 
(MT)’ one can con&de that this compound also shows a tiree step decomposition 
pattern which is similar to that for the E&compound. This is not the case for the 
3- and 4-methy1 pyridine for which the pattern shown in ref. I seems valid- J%e 
special b&&our for the A2, M2 and E2 compounds in every family can be explained 
with the pk, of the base (see fig. 5), 

The patterns derived from the TG curves for the other compounds are not 
shown here because we think that another kind of ident%cation is required, Iiowever_ 
the experimental results permit trs to write the global process as follows: 

(BH), Mo,O, 3 -+ 4Mo03 + 2B -I- Hz0 

SpeziaI attentian must be paid in this case to the shape of the Q vs. Tcurves- 
Figures I and’ 2 show four @picaI TWZS s&c&d among all the compounds studied- 
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Fs& 1. FIX&HI of d~#~~pastyI rnaraial (a) vs- tanpcratmt for tk SCUM step of A4 (a) and the 
third step of E4 (b). 

FTs 2 Fraction ofdcawnposed rnalcrial (a) vs_ temperature for the tint step of A4 (c) and the sazond 
step of LI (a)_ 

figure 2c shows the first step for the A4 compound. The shape of this curve shows a 
reaction with an initial acce~eratosy period followed by a deceleratory one in which 
the reaction rate is lower- In Fig. la, which shows the second step of the A;Qcompound, 
we can see that the initial acceIeratory period is considerably reduced and in Fig lb 
for the third step of the E4 compound this initial accereratory period przticaliy 
disappears_ Figure 33 shows the seuxzd step for the LI compound which presents a 
more compkx behaviour than in the other cases- In the first part we have an initial 

slow reaction during which the decomposition begins until a value of CC 2c 0-I is 
reached, In the second part with 0-l -C a -C 1, the behaviour is slmifar to that which 
appears in Fig- la or 2c. The OL vs. Tcurves for each step of all compounds studied 
are similar to those shown in Figs. I and 2 

From Figs. 3 and 4 we can see that the straight line criterion is fuIfiflcd in the 
three steps of aII the compo&ds by an equation with a random nucleation as rate- 
determining process within the accuracy of &~tav%s method 3.The rate-determining 
process must be related with the structure of the compound’, and in our case we can 
make some considerations on this point although the structure of the compounds is 
unknown, The organic part must produce a decrease in the free energy which gives 
good co&itions for the appeazxnce of “‘activated fluctuations” in the sample which 
&II produce a larger number of nuclei with the critica1. size required to begin the 
decomposition following a random nucleation mechanism, One observes that the 



TABLE 2 

E%PLANAllON FORTBEAESCBES AXUFOR7’HEFiGS3.~AAND& 

cumpuund h-l slcp rndsfrp 3rd s&p 

as bb a b a b 

E2 
523 
E4 

ii 

z 
A3 
A4 

SAO 0.10 
1.87s 0.05 
1.35 O.IO 
x.945 O.OZ 
1.413 0.025 
1.78 01125 
t-62 0_04/3 
1.61 0.02 
1.53 0.02 

0.02 
O.Of 
OAXJ5 
0.02 

01)3 
0.02 
0.08/5 
OD1 

* The value for the bnt division (I) in the abscissa axis. b Kntmmi hctwecn eachdIwisioa_ 



deviations from the straight line increase from the 1st to the 3rd &.ep_ Th$ shoti that 
the process becomes more complex as it goes on with oUrexperimental *nditions_ 

The activation energy .values as we11 as the initial and &al tempcraturcs for 
each step are shown in Table I. Figure 5 shows the relationship between t&e pK, 
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values of the organic bases and the activation energies for thi first step of the decom- 
position. The same representation is shown in Fig_ 6 for the initial temperature of 
decomposition. In both figures the curves are drawn for the sake of comprehension_ 

From these figures, it is not possibIe to find a simple relation between the parameters 

E-p& and T-pK; for all the compounds studied but some comments are possible. 

Compounds with the methyl or ethyl groups show a different hehaviour from. 
those with NH2 group. While the A compounds present a clear correlation between 

the p& of the organic bases and the order of the experimental values for the activation 

energies, this is not the case for the methyl and ethyl compounds, although these 
results are in disagreement with those found by means of isothermal runs3. 

From Fig. 6 similar considerations can be made, but in this case only the 
L-compounds seem to show a correlation between the p& and the initial temperatures 
of decomposition. Moreover, this parameter sexms to have a closer connection with 
the symmetry and steric effects- In this sense the following relations are obtained: 

T2 -Z T3 c T4 c T,; T5 c T6 (: T,; Is < T9 < T,,,; and T,, c T12 c T,,. We 
can aIso study the influence on the stability of the nature of the poup incorporated 
to the ring: The order of stability is for A compounds > for M compounds > for 
E compounds. The L compounds show an order of stability similar to that of the 
M compounds. 

For the other step, it is not possible to make similar comments because the 

properties of the compounds, which are formed in every step of the decomposition, 
are unknown. The decomposition study of these compounds by means of isothermal 

techniques is being continued at present in our laboratory. 

REFERENCE 

1 
2 
3 

M. J. TcIlo, E- IX Bocancgra. P. Giii. L Loraxc and P. Roman. w. &VU, It (197s) 65. 
P. Gili, L.. Lorente, P. Roman, M. J. Tdlo and E. H. w Ann. Quim., 73 (1977) 349. 
M. J. Tdlo, G. Fanan- M. Galparsao and E. H. Bommpa. 7brnudim. Acta. 19 (1977) 
221. 
M. J. %eWdIl. B&Z. Sot. C&m. Fr.,. (1960) 1133; (1967) 3799 and 3801. 
V. Satavb, Zkmtdih Ada, 2 (1971) 423. 
L Lorewe. Lkxrnral lit&k. BiIbao University. 1976. 
P. Rmnau, Douorai 7hsi.r. Biibao Univasity. 1976. 
M. J. T&o, E Ii. Bocamgra, M. A. ega and H. Ara~d, Zbmo&im. Ada, ll(1975) %. 
M.R.AkrqJ.J.~EH. Beanegm ancl M. J. TdIo, ZfXemwcliim Acra 12 (1975) 117. 


