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ABSTRACT
The results of a derivatographic study and a non-isothermal kinetic analysis of the

decomposition of some 3,5-disubstituted-1,2,4-thiadiazols and 3,5-disubstituted-1,2,4-di-
thiazolin iodonium salts are presented.

INTRODUCTION

Following our early research on the thermal stability of organic solids
[1,2] this paper deals with the thermal decomposition of some 3,5-disubsti-
tuted-1,2,4-thiadiazols and 3,5-disubstituted-1,2,4 dithiazolin iodonium salts.

EXPERIMENTAL

The substances illustrated, synthesized and analysed according to meth-

R/TI\_I'!/R R/NIE——I(
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(I R == CgHsx, (X)) R=— CgHs
(II) R = p--CgHuCl (¥I) R = CgHy—CH=CH
(II) R = CgHs— CH=—=CH (¥II) R = p—C,H50——CqH,—CH=—=CH

(IZ) R= p—CpHgO— CgHg— CH==CH

ods described elsewhere were used [3]. Substances III, 1V, VI, VII, are new
compounds.
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TABLE 1

Mean crystallite sizes (/)

Compound 1(A)

I 202

II 270

111 amorphous
v 299

v amorphous
VI amorphous
VII 278

The heating curves were recorded with a Q 1500 MOM Budapest deriva-
tograph type Paulik-Paulik Erdey at various heating rates between 1.25 and
10 K min~". To record the X-ray diffractograms a Philips P.W. 1400 X-ray
diffractometer was used. The mean crystallite sizes were estimated by
Scherrer’s formula [4] for the most intense diffraction line.

RESULTS AND DISCUSSION

The mean crystallite sizes for the compounds investigated are given in
Table 1.

The derivatograms corresponding to substances I-VII are given in Figs.
1-7.

As seen from the thermal curves the decomposition of compounds I-1V
occurs in the molten state whereas the decomposition of compounds V--VII
occurs in the solid state. Compounds I and II decompose in one step only,
compounds III, IV, VI and VII decompose in two steps and compound V
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Fig. 1. Heating curves of compound I (8= 2.5 K min™?).
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Fig. 2. Heating curves of compound 1T (8 =5 K min™%).
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Fig. 3. Heating curves of compound I1I (8 =10 K min™").
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Fig. 4. Heating curves of compound IV (8 =10 K min~?).
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Fig. 5. Heating curves of compound V (8 =1.25 K min~).

Fig. 6. Heating curves of compound VI (=10 K min™).
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Fig. 7. Heating curves of compound VII (8=5 K min~?).
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decomposes in four overlapping steps (making kinetic analyses impossible).
According to the derivatographic data decomposition reactions undergone
by substances [-1V are as follows

CeHs
)\ I () —=  2CgHs—CN + 125; ()
CeHs
(69)

. CeHaCl-p
| (1) ——= 2p—Cl—CgHy;—CNy, + 1/25, (g)

s/
CeHaCl-p
(I

CH=CH~—CgHs
| Ll (1) ——=  (CaH5)(CN),(CH,(s) + 2NC—CH=CH—CgHs(g) + S,(g)
S/
CH=CH—CgHs
(I

CgHg(CN),(CH), (s) ——= products (g)

N CH==CH-—CgHy—OC,Hs—p
| IN| (1) ——= (p—CgH,4OC,Hg)o (CNL(CH),(s) +

2p~CoHOCgH—CH==CH—CN(g) + S, (g)
CH==CH—CgHy—OC,Hg—~p

()

(p—CgH OC;,Hs), (CN)(CH), (8) —==  products (g)

For the decomposition of substances V-VII we were not able to identify
the reaction intermediates and thus the reaction stages.

The thermal curves were used to evaluate the non-isothermal kinetic
parameters. To use the experimental data we applied the Coats—Redfern
method [5]. The data were automatically processed by a TI 66 programma-
ble calculator. The methods of Freeman—Carroll [6] and Ozawa [7] were also
used. The values of the non-isothermal kinetic parameters (reaction order n,
activation energy E and preexponential factor 4) for the decomposition of
compounds I-IV and VI-VII are given in Tables 2 and 3 respectively. As
may be seen from Table 1 the reaction order for the first decomposition step
of compounds I-IV equals zero. This could be due to diffusion tendency [8]
or to vaporization of the molten substances before decomposition [9]. The
value n=0.66 for the decomposition of truxilic nitryls corresponds to a
contracting sphere model [10].
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TABLE 2

Values of the non-isothermal kinetic parameters for the decomposition of compounds I-IV

Compound Number Method

of step Coats—Redfern Freeman—Carroll Ozawa
n E A n E A E
(kcal s™H (kcal ™ (kcal
mol 1) mol™1) mol 1)
1 1 0 14.9 1.6x10®° 01 155 26x104 128
11 1 0 5.0 17x107' 01 55 2.0x10
111 1 0 5.0 23%x1072 02 5.0 91x107!
2 0.66 44 2.8x101
v 1 0 14.7 26%x10* 01 130 53%x10° 132
2 0.66 51.3 27x10% 01 499 1.4%x102 499
TABLE 3

Values of the non-isothermal kinetic parameters for the decomposition of compounds VI-VII

Compound Number Method

of step Coats—Redfern Freeman—Carroll
n E A n E A
(keal Y (keal 6™
mol 1) (mol™1)
A% 1 1 438 3.2%10 1 42 15
2 1 420 51x108% 1 423 8.0x10"
VIl 1 1 8.3 2.0x102 0.9 8.0 6.6%x10
2 1 395 28x101 09 381 1.3%x 100

The value n =1 obtained for the first step of the decomposition of the
iodonium salts VI and VII is apparent and corresponds probably to some
particular kind of nucleation of growth of the nuclei [11}. The value n =1
for the second decomposition step of the iodonium salts which occurs in the
liquid state seems to describe a true molecular reaction. This statement is
supported by the values for the activation energy and preexponential factors
typical of such reactions [12].

CONCLUSIONS

(1) A derivatographic study of some solid disubstituted thiadiazols and
dithiazolin iodonium salts was carried out.
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(2) The non-isothermal kinetic parameters of the decomposition reactions
which occur in solid or liquid state were determined.
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