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The thermal decomposition of methylammonium perchlorate (MAP) has been 
studied under isothermal and non-isothermal conditions. Differential thermal analysis 
of MAP showed, in addition to the exotherm due to decomposition, another exotherm 
at 408 ~ which was observed for the first time. Chemical analysis and the infrared 
spectrum of the residue left behind after the decomposition proved it to contain 
NI-IaCIO a. The results have been explained on the basis of a methyl group transfer 
in addition to proton transfer in the decomposition process. 

Unlike ammonium perchlorate (AP), methylammonium perchlorate (MAP) 
CH3NH3C104 is an explosive material [1, 2] and has not been so thoroughly 
investigated. Its thermal properties have been studied only in recent years, 
various techniques being used [ 2 -  6]. Early literature reports, however, indicate 
its explosive nature; for example, Datta and Chatterjee [7] reported the explosion 
temperature of this compound to be 338 ~ . Recent differential thermal analysis 
(DTA) data, reported by Stammler et al. [2], show that MAP undergoes crystal- 
lographic transitions at 48 and 178 ~ , melts at 2 5 5  ~ and decomposes at around 
330 ~ Mack and Wilmot [3] and Guillory and King [4] using a matrix infrared 
(JR) technique and mass spectrometry, respectively, have concluded that the de- 
composition of MAP takes place via dissociation involving a proton transfer 
mechanism. However, no kinetic studies of the thermal decomposition of  this 
compound have been reported. 

While carrying out a detailed study on the thermal sensitivities of substituted 
ammonium perchlorates and related compounds, we noticed an additional exo- 
therm in the DTA of MAP above its decomposition point. This, we believe, is a 
new observation and needs an explanation. In this paper we report some of  the 
results of  thermal decomposition of MAP, along with a possible explanation 
of the new observation. 
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Experimental 

a/ Material 

Methylammonium perchlorate (MAP) was prepared by reacting an aqueous 
solution of methylamine with perchloric acid (70 per cent). The salt recrystallised 
from aqueous alcohol was vacuum-dried and was checked for purity by NMR 
and chemical analysis. The NMR spectrum showed the resonances due to - C H z  
protons and - N H  3 protons to be at z7.46 (z7.40 reported [8]) and z2.60 (z2.57 
reported [9]), respectively. Chemical analysis of the perchlorate content agreed 
well with that calculated for MAP. 

b/ Apparatus 

The details of the differential thermal analysis (DTA) and thermogravimetric 
analysis (TGA) units are given in an earlier paper [10]. Heating rates employed 
were 10~ and 5~ for DTA and TG, respectively. The atmosphere in both 
cases was static air. 

Results and discussion 

The DTA trace of MAP at atmospheric pressure shows all the features reported 
by Stammler et al. [2] up to its decomposition point, and in addition an exotherm, 
at 408 ~ To help understand the process responsible for the second exotherm, 
residual analysis of the products was carried out just after decomposition. The 
sample was allowed to cool to room temperature by removing the furnace just 
after the first exotherm, i.e. at 355 ~ Chemical analysis of the residue showed the 
presence of AP, giving positive tests for NH~ + ion with Nessler's reagent (MAP 
does not give a positive test with this reagent), and for CIO4- ion with methylene 
blue. The IR spectrum of the residue also agreed well with that of an authenti- 
cated sample of AP and does not contain the absorptions characteristic of methyl 
groups. The presence of AP in the residue, and absence of MAP after the decom- 
position at 355 ~ indicates that the exotherm at 408 ~ in the DTA trace of MAP 
might be due to the secondary decomposition of AP, which is reported to take 
place at ~400 ~ [11 ]. 

When the DTA was carried out at reduced pressure (,,~ I mm Hg), instead of the 
two previous exotherms, an endotherm was observed at 309 ~ with a small exo- 
therm at 414 ~ (Fig. 1). 

Dynamic TG of MAP shows an inflection point at 319 ~ the sample losing 
about 87 per cent of its weight at this point (Fig. 2). From 320 to 400 ~ the TG 
trace shows a gradual weight loss, and at 400 ~ the total weight loss is 97.5 per cent. 
The gradual terminal weight loss seems to indicate the decomposition of AP formed 
as a result of the first decomposition. Since the TG curve does not clearly show 
two decomposition steps, it is possible to argue that from 320 to 400 ~ the corn- 
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pound undergoes a gradual terminal weight loss only. However, T G  results 
together with DTA data suggest that the decomposition beyond the inflection 
point may be that of  AP. 

The thermal decomposition of MAP under isothermal conditions in the temper- 
ature range 270 -290  ~ was followed by a thermogravimetric technique. An insig- 
nificant amount  of sublimate was formed on the cooler parts of  the T G  set-up 
at atmospheric pressure, indicating dissociation [4] of  the salt. The c~ vs. t plots 
are presented in Fig. 3. There appears to be a break in the curves at c~ = 0.5 to 0.55. 
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Fig. 1. D T A  traces of  MAP at a tmospher ic  pressure  (I) and at 1 m m  Hg, ( I I )  
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The activation energies for the two parts were calculated by the Jacobs -Kure i shy  
method [12] and found to be 14.4 kcal/mole for a --- 0.1 to 0.5, and 18.4 keal/mole 
for ct = 0.55 to 0.75. Here again chemical tests show the presence of AP in the 
residue left behind after 55 per cent weight loss. The IR spectrum of  the residue 
showed no absorption characteristic of  methyl groups, thus indicating the absence 
o f  MAP. The IR spectrum of this residue was identical to that of  the residue 
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obtained in the DTA experiment after the first exotherm. As a matter of  fact, 
both spectra were superimposable on that of  an authenticated sample of  AP. 
It therefore follows that when the weight loss is 55 per cent, MAP is completely 
decomposed and converted to AP. The decomposition curves above ~ = 0.55 
can therefore only correspond to the decomposition of  AP. Further, the second 
activation energy value of  18.4 kcal]mole is close to that reported [13, 14] for the 
thermal decomposition of AP in this temperature range. AP is also formed below 

-- 0.55. However, it can decompose only very slightly in such a short time inter- 
val and the main process taking place at ~ = 0.1 to 0.5 is the decomposition of  
MAP. We are therefore tempted to propose that the activation energy in the range 

= 0 . 1 -  0.5 is related to the process of  thermal decomposition of MAP, whereas 
the activation energy in the range ~ = 0 .55-0 .75  is that for AP. 

The formation of  AP as a decomposition product may be explained as follows. 
The decomposition of  MAP is known [3 - 5] to take place via a proton transfer. 
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Whereas most of the reaction occurs via a proton transfer mechanism, it is possible 
to envisage that a small fraction of the decomposition may take place via a methyl 
group transfer. The dissociation processes can then be represented as follows: 

/4CH3NH~ + HCI04 (i) 

CH~NH3C104"XNH3 + CH3C104 (ii) 

Methyl perchlorate, being unstable in this temperature range, may decompose as 
soon as it is formed. However, the NH3 formed may combine to a certain extent 
with perchloric acid to yield NH4C1Oa. 

A similar methyl group transfer to perchlorate anion has been proposed in 
the thermal decomposition of tetramethylammonium perchlorate [15], the DTA 
traces of which at atmospheric pressure and at 1 mm Hg showed that the intensity 
of the exotherm was very much reduced at low pressure compared to that at 
atmospheric pressure. In the case of MAP, the DTA trace at 1 mm Hg shows an 
endotherm instead of an exotherm. The effect of dissociation from steps (i) and 
(ii) and consequent sublimation is endothermic, which is enhanced at low pres- 
sures because the reaction products can diffuse away from the hot reaction zone. 
The exothermic effect results from the decomposition and/or the reaction of the 
dissociation products, which takes place preferentially at atmospheric pressure 
rather than at low pressure since the time of residence of the oxidizing and the 
oxidizable species in the reaction zone is longer at normal pressure. The observed 
exotherm at normal pressure is therefore the net effect of these two processes, 
which occur simultaneously. At low pressure the exothermic effect is more than 
compensated by the endothermic process. Similar results have been obtained on 
analogous compounds such as AP and ammonium nitrate, where dissociation 
and decomposition take place simultaneously [16-18] .  In both these cases the 
exotherm at normal pressure appears as an endotherm at low pressures [t9, 20]. 
In the present case, some evaporation of the molten material may also contribute 
to the endothermic effect. The small exotherm at 414 ~ at 1 mm Hg may again be 
due to the combined effect of the decomposition/sublimation of AP. 

It may further be argued that the thermal decomposition of other methyl-sub- 
stituted ammonium perchlorates, e.g. (CH3)2NH2C10~ and (CH3)3NHC104, may 
also occur via a competitive proton and methyl group transfer mechanism. A care- 
ful examination of DTA and T G  results for these compounds, however, has not 
provided any evidence so far for the presence of decomposition products formed as 
a consequence of the reaction taking place partially via a methyl group transfer 
mechanism. 
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RI~SUM~ -- On a 6tudi6 la d6composition thermique du perchlorate de m6thylammonium 
(PMA) en conditions isothermes et anisothermes. L'analyse thermique diff6rentielle des per- 
chlorates de m6thylammonium a montr6, en plus du ph6nom~ne exothermique dfi ~ la d6com- 
position, un second pic exothermique ~t 408~ observ6 pour  la premi6re lois. L'analyse 
chimique et le spectre infrarouge du r6sidu de d6composition ont  6tabli la pr6sence deNH4C104. 
Les r6sultats s 'expliquent bien par  le transfert  d 'un  groupe m6thyle accompagn6 d 'un  transfert  
de proton lors du processus de d6composition. 

ZUSAMMENFASSUNG - -  Die thermische Zersetzung yon Methylammonium-Perchlorat  (MAP) 
wurde unter  isothermen Bedingungen untersucht.  Die DTA zeigte neben der exothermen 
Spitze for die Zersetzung noch  eine weitere bei 408 ~ fiber die noch  hie berichtet wurde. Die  
Analyse des Zersetzungsrtickstandes ergab NHaCIO4. Diese Ergebnisse wurden durch einen 
zus~itzlich zur Protoneniabergabe ablaufenden Methylgruppentransfer  erkl/irt. 

PeaioMe - -  BbIT/o naytleno "repMnvlecroe pa3~o~renne nepK~opaTa MeTr~YlaMMOHH~t (MAIl)  nprt 
I, I3OTepMI4qeCKHX n He H3OTepMIt',IeClC/,IX yCYlOBnflx. ~ndpqbepenrarmabHb~ TepMnqecKm~ anama3 
3TOrO coe,atIneHr~q noKa3a~ napery  c 3K3OTepMo~, o6yc~oanenno~ paano~enneM, rmaw~ie 
~pyro~ 3K3OTepMIaI npl, I 408 ~ KOTOpag Ha6Jtrona~acb HaMl4 BrlepBbIe. C HOMOII~IO xnTVlHtleCKOFO 
anastrma tt nrt~bpaKpacrmrx cnerTpOB 6bIJm yCTaHOB~eHo, '~TO OCTaTOr nocne pa3no~erIn~ co- 
~ep~rtT NH~C10~. IlonyaenHbie pe3yabTaTI, I 06~,acHem,1 COBMeCTHbIM nepenocoM MeTrI~bHOtt 
rpynm, i n npoToHa B npotIecce paaaozcer~na. 
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