Thermochimica Acta, 82 (1984) 311-323 311
Elsevier Science Publishers B.V., Amsterdam - Printed in The Netherlands

THERMAL ANALYSIS OF MONOTHIOCARBONOHYDRAZONES

G. RAJENDRAN and S.R. JAIN *

Propellant Chemistry Laboratory, Department of Aerospace Engineering, Indian Institute of
Science, Bangalore 560012 (India)

(Received 16 July 1984)

ABSTRACT

Thermal analysis of monothiocarbonohydrazones carried out using DTA and TG tech-
niques show that they all decompose exothermally soon after melting. The exothermal
decomposition is attributed to the presence of a hydrazino (N-N) bond. The decomposition
process has been studied by examining the products of decomposition of benzaldehydethio-
carbonohydrazone. Nitrogen, ammonia, hydrogen sulphide, benzonitrile, thiobenzaldehyde,
2,4,6-triphenyl-s-triazine and complex condensation products containing C=N linkages, have
been found to be the main products of decomposition. A probable mechanism of decomposi-
tion is proposed based on the formation of these products, assuming the homolytic cleavage
of the N-N bond as a primary step.

INTRODUCTION

While searching for suitable solid fuels for hybrid propellants which ignite
instantaneously upon contact with a liquid oxidizer, several monothiocar-
bonohydrazones, the condensation products of thiocarbonohydrazide with
aldehydes and ketones were examined (1,2]. A survey of the literature reveals
that although these compounds have been used extensively to synthesize
various derivatives of different heterocyclic compounds [3-6] and found to
act as fungicides {7], there is virtually no study reported so far pertaining to
their thermal characterization and behaviour. For information concerning
the thermal behaviour pertinent to our on-going studies, we examined the
thermo-analytical behaviour of thiocarbonohydrazones and related com-
pounds in detail using differential thermal analysis (DTA) and thermo-
gravimetry (TG) techniques, the results of which are reported in this paper.
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EXPERIMENTAL
Materials

Thiocarbonohydrazide (TCH) was prepared [8] from carbon disulphide
and hydrazine hydrate. The monothiocarbonohydrazones were prepared [2]
by adding an alcoholic solution of the appropriate aldehyde or ketone to a
well-stirred, hot 1 N acetic acid solution containing an equimolar amount of
thiocarbonohydrazide. The compounds were characterized by their elemental
analyses, melting points, and IR and 'H NMR spectra.

Thermal studies

DTA was carried out using a set-up described earlier [9]. In each experi-
ment, 100 mg of the sample were taken in the DTA cup and heated at a
uniform rate of 10°C min~'. For some of the samples, the DTA was also
carried out in a flowing nitrogen atmosphere (30 ml min~'). TG analysis
data were recorded on a Stanton-Redcroft model TG-750 thermobalance,
using 10 mg of the sample, at a heating rate of 10°C min~'.

The IR spectra of various samples were recorded on a Perkin-Elmer 599
spectrophotometer. The gaseous samples (products of decomposition) were
analysed using a gas cell with KBr windows.

The '"H NMR spectra were recorded on a Varian T-60 machine at 36°C
using DMSO-d, as the solvent. The NH proton signals were confirmed by
D,0 exchange spectra.

The gaseous products of decomposition were analysed on a Aimil Nucon-
5500 gas chromatograph using carbowax coated with 5% KOH and molecu-
lar sieve SA columns.

Decomposition product analysis

In order to examine the decomposition products, benzaldehydethiocar-
bonohydrazone (BTCH) was taken in a sublimation tube and attached to a
glass assembly as shown in Fig. 1. After having flushed the assembly well
with helium gas, the sample was carefully heated on an oilbath maintained at
200°C until the compound melted completely to give a clear liquid. The
compound decomposed simultaneously as evidenced by the evolution of
gases. The gaseous products were collected by sealing the gas flask with a
rubber septum. At the end of the experiment, a deposition of white crystals
was observed in the condenser which sublimed rapidly in air at room
temperature. The crystals were identified to be ammonium hydrosulphide
[10]. The viscous liquid residue in the sublimation tube was mixed with some
glass powder and extracted on a Soxhlet, separately with hexane, chloroform
and methanol for 6 h each.
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Fig. 1. Glass assembly for collecting the products of decomposition.
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Fig. 2. IR spectra of gaseous products of decomposition: (A) authentic sample of a mixture

of NH; and H,S; (B) gaseous products of decomposition in 0.5 h; (C) after 48 h.
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Gaseous products

The gaseous products were identified by gas chromatography (GC) and
IR spectroscopy. Using helium as carrier gas, the products identified by GC
were nitrogen, ammonia and hydrogen sulphide. The IR spectra of the
gaseous products presented in Fig. 2 also provide clear evidence for the
presence of NH; and H,S. It may be pointed out here that gaseous H,S has
rather a strong absorption around 1360 cm™' and not a weak one as
reported by Pierson et al. {11]. The IR spectrum of the gaseous products
shows considerable modification when recorded after 48 h (Fig. 2). The
strong absorption at 1360 cm ™! completely disappears with some modifica-
tion in the 1500-1550 cm™! region. The gaseous hydrogen sulphide ap-
parently reacts with ammonia which subsequently decomposes as evidenced
by the deposition of a yellow substance as a thin coating all over the inside
wall of the gas flask.

In order to detect the presence of hydrogen gas, the decomposition
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Fig. 3. IR and NMR spectra of benzaldehydesemicarbazone.
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products collected in another experiment wherein BTCH was decomposed
under nitrogen atmosphere, were examined by GC using N, as the carrier
gas. There was, however, no evidence for the presence of hydrogen in any
significant amount.

Hexane extract

The residue obtained after evaporating the solvent on a water bath on
cooling separated into a pale yellow liquid and a colourless crystalline solid.
The solid was filtered, washed with ice-cold hexane, and dried; m.p. 82°C. A
qualitative elemental analysis of the solid residue showed the presence of
sulphur and it gave a red-orange precipitate with 2,4-dinitrophenylhydrazine,
indicative of the presence of a carbonyl or thiocarbonyl group. A portion of
the solid residue was reacted with semicarbazide hydrochloride and the
crystalline product obtained was identified to be benzaldehydesemicarba-
zone, from its melting point (observed, 223°C; lit., 224°C), and IR and
NMR spectra presented in Fig. 3. The solid component, therefore, was
identified as thiobenzaldehyde (trimer); the lower melting point, 82°C, being
due to the presence of both the a and the B forms [12]. The liquid
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Fig. 4. IR spectra of products isolated from hexane and chloroform extracts; (A) benzo-
nitrile; and (B) 2,4,6-triphenyl-s-triazine.
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component was purified by micro-distillation, b.p. 186-188°C. The IR
spectrum of the distillate was exactly identical to that reported for benzo-
nitrile [13] as shown in Fig. 4.

Chloroform extract

The solvent chloroform was evaporated on a water bath. A highly viscous
but clear residue was obtained. The TLC of the residue showed three spots
on eluting with chloroform containing 1% methanol. By means of prepara-
tive TLC, one of the components, in major proportion, was identified to be
2,4,6-triphenyl-s-triazine from its melting point (observed, 234°C; lit.,
235°C). The IR spectrum of this compound presented in Fig. 4 matched
well with that given in the Sadtler spectral report [13). The other two spots
being in negligibly minute amounts could not be identified with certainty.

Methanol extract

The extract on evaporation of methanol gave a greyish solid residue. The
TLC of the residue, using chloroform containing 5% methanol as eluent,
showed two major spots. The IR spectra (Fig. 5) of both of these have
absorptions around 3370, 3300 and 3160 cm™! but they differ in intensity.
These could be ascribed to NH stretching. The strong absorptions at 1650

cm~! in both the products suggest the presence of a C=N group. The
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Fig. 5. IR spectra of products isolated from methanol extract.
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compounds melt over a range of temperatures (86-102 and 71-89°C) and
qualitative tests showed them to be non-aromatic containing nitrogen. Based
on these results, it appears that these products could be complex polymeric
products having C=N, NH and /or NH, groups.

RESULTS AND DISCUSSION

The DTA and TG data of thiocarbonohydrazones and related compounds
are listed in Table 1. Each of the typical thermograms of thiocarbonohydra-
zones presented in Fig. 6 shows an endotherm due to melting followed
immediately by an exotherm. That the exotherm in all these cases is due to
decomposition of the compound, is shown by the corresponding weight loss
in TG. Both the melting and the decomposition processes occur within a
range of 10°C in most of these cases. Although these thiocarbonohydra-
zones are known to exist in linear and cyclic configurations [2]. this feature
appears to be common. In order to ascertain that the exotherm immediately
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Fig. 6. DTA and TG curves of some typical thiocarbonohydrazones of: (A) benzaldehyde;
(B) 2-furaldehyde; (C) formaldehyde; and (D) acetone.
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following the melting point is due to decomposition and not due to aerial
oxidation, the DTA of some of the samples was carried out in an atmosphere
of nitrogen, wherein no significant change either in the decomposition
temperature (Table 1) or the magnitude of the exothermicity was noted.
Only the complex exotherms observed above 300°C are apparently due to
aerial oxidation.

The height of the decomposition exotherms following the melting points,
shows significant variation in different thiocarbonohydrazones. In general,
the aliphatic aldehyde and ketone thiocarbonohydrazones decompose with
higher exothermicity than the aromatic carbonyl derivatives. Among the
aliphatic derivatives, the exothermicity decreases in the order

HCHO > CH,COCH, > CH,COCH,CH,
The order observed in the case of aromatic carbonyl derivatives is
HOC(H,CHO > (CH,),NC,H,CHO > C;H,CHO > C;H;COCH,

The 2-furaldehyde derivative decomposes with much higher exothermicity
than any of the aromatic carbonyl derivatives.

The trends in the exothermicity of decomposition apparently show that (i)
the exothermicity is related to the percentage of hydrazino (N-N) bond
content in the compound, and (ii) the aldehyde derivatives decompose with
higher exothermicity than the corresponding ketone derivatives.

In order to show that the exothermic decomposition is due to the presence
of N-N bond(s), the DTA of thiocarbonohydrazide was compared with
other compounds having similar structures, viz. thiosemicarbazide and
thiourea (Fig. 7). It is interesting to note that the DTA of thiourea shows
two endotherms at 182 and 252°C corresponding to its melting and boiling
points. Thiosemicarbazide having one N-N bond, on the other hand,
decomposes exothermally soon after melting analogous to thiocarbono-
hydrazide, which, having two N-N bonds, decomposes with relatively higher
exothermicity than that of thiosemicarbazide. Thus, it becomes evident that
the exothermal decomposition in these compounds is related to-the presence
of N-N bonds. It may be envisaged that the exothermicity of overall
decomposition being related to the difference in energetics of the bonds
present in the products and the reactant, the formation of the highly stable
molecule N=N as a product, may be responsible for the decomposition
process to be exothermal.

The TG data show that all the thiocarbonohydrazones start losing weight
just around their melting points. The weight loss is rapid in the initial stage
but it continues up to-50-75%. A charry residue remains in most cases at
this stage. The compounds lose more than 95 wt% apparently due to aerial
oxidation on further heating to 600°C.

The TG of thiosemicarbazide is similar to that of thiocarbonohydrazide; it
begins to lose weight around its melting point. The TG of thiourea shows
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that it starts evaporating, losing weight above its melting point continuously
until the weight loss is about 96%.

In order to understand the mode of decomposition, the products of
decomposition of a typical compound, namely benzaldehydethiocarbono-
hydrazone were analysed. The N-N bond being the weakest, the decomposi-
tion process in all these compounds may be initiated by the homolytic
cleavage of this bond. The major products of decomposition of benzalde-
hydethiocarbonohydrazone are found to be N,, NH,, H,S, benzonitrile,
thiobenzaldehyde, trimeric product of benzonitrile, viz., 2,4,6-triphenyl-s-tri-
azine, and complex condensation products having C=N and NH linkages.
Based on these products the following steps in the decomposition process
seem plausible.

R ST ;
¢C=NYN-C-N_NH, » ¢C=N+NH, + H-N-C-N-H (1)
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Fig. 7. DTA and TG curves of: (A) thiocarbonohydrazide; (B) thiosemicarbazide; and (C)
thiourea.
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The homolytic scission of the N-N bonds results in the formation of
benzalimino, amino radicals and a biradical (step 1). The substituted imino
radicals are known to cleave into nitriles [14] and therefore, in the present
case, it is likely that the benzalimino radical forms benzonitriie and its trimer
(step 2). The amino radical may combine with a hydrogen radical [15] or
disproportionate into ammonia and an imino radical which dispro-
portionates further into nitrogen and ammonia [16] (steps 3-5). The biradi-
cal being a highly reactive species might quickly undergo rearrangement
leading to the formation of a cyanamidyl and a mercaptyl radicals (step 6).
The latter may combine with a hydrogen radical to form hydrogen sulphide
(step 7). The mercaptyl radical, known for its reactivity with multiple bonds
[17], may attack the parent molecule resulting in the formation of thiobenz-
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aldehyde trimer (step 9), via an intermediate as shown in step (8). It is likely
that the mercaptoformiminyl radical formed in step (9) may combine with a
hydrogen radical which subsequently results in the formation of formiminyl
radical as shown in step (10). The cyanamidyl radical (step 6) and for-
miminyl radical may then condense to form complex polymeric products
having C=N and NH linkages. However. the mechanism of the last two steps
remains uncertain.
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