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Thermal decomposition of 1-ethyl-5-iodotetrazole 
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The thermal decomposition of 1-ethyl-5-iodotetrazole in a melt and in solutions was 
studied using thermogravimetry, manometry, pyrolytic mass spectrometry, and IR spectroscopy. 
The kinetic and activation parameters of the process and the nature of the decomposition 
products were determined. The reaction mechanism is assumed to involve equilibrium 
tautomeric rearrangement of the tetrazole to azidoazomethine form followed by homolytic 
cleavage of the C--I  bond. 
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Tetrazoles  possess a combina t ion  of  unique proper-  
t ies (cons iderable  the rmal  stabil i ty along with high 
entha lpy  of  format ion,  physiological  activity,  high reac- 
t ivity in complexing  with metals ,  sensitivity to photo-  
chemica l  t ransformat ions)  and are bel ieved to be p rom-  
ising compounds  for pract ical  applicat ions.  I -3  For  these 
reasons, it is of  interest  to synthesize new tetrazole  
derivatives, including polymers ,  from vinyl-subst i tuted 
t e t r azo l e s .  4 T e t r a z o l e s  are  s t r a i n e d  e n e r g y - r i c h  
heterocycles ,  which allows us to include them among 
explosive compounds .  In  view of  this, it is necessary to 
study the the rmal  t ransformat ions  o f  tetrazoles.  

An analysis of  l i terature data  on the thermal  decom-  
posi t ion of  1 ,5-disubst i tuted tetrazoles  shows that  this 
process typical ly  starts with rear rangement  with ring 
opening to give the  corresponding az idoazomethines .  5-7 
To date,  the  the rmal  decompos i t ion  o f  a series of  
1,5-disubst i tuted tetrazoles,  most ly  the  a lkyl- ,  amino- ,  
n i t ro- ,  and phenyl  derivatives and that  of  a po lymer  
derived from 5-v iny l -1-methy l te t razo le ,  has been stud- 
ied.  7 In  the  p r e s e n t  work  we s t u d i e d  1 - e t h y l - 5 -  
iodote t razole  (EIT).  We assumed that  the  presence of  a 
I - - C  bond can al ter  the  behavior  of  the te t razole  con-  
ceming  thermal  decomposi t ion .  

Experimental 

1-Ethyl-5-iodotetrazole, m.p. -82 ~ was synthesized by 
treating 1-ethyltetrazole with iodine in acetic acid containing 
the KMnO4--H2SO 4 oxidating system: 

Et Et 
I I 

N~N\ N~N\ 
II c .  + ,= - II c - ,  

The product was characterized by elemental analysis and 
IR and mass spectra. Kinetic measurements were carried out 
on an ATV-14M automatic electronic thermobalance designed 
and assembled at the Institute of Chemical Physics in 
Chernogolovka of the RAS 8 and by the manometric method 
using glass membrane Burdon manometers. Mass spectra were 
obtained on an MI 1201-V mass spectrometer equipped with a 
modified ion source and a pyrolytic cell. 9 The procedure 
permits valid identification of primary decomposition prod- 
ucts, including labile compounds. The mass spectrometric 
analyses were performed under the following conditions: ioni- 
zation energy, 70 eV; accelerating voltage, 4 kV; pressure in 
the ion source, 10 -5 Pa. The mass spectrum of EIT was first 
recorded without heating of the pyrolyzer and then with 
heating. 

IR spectra were recorded on a Specord 75-IR spectropho- 
tometer (the spectrum of EIT was recorded in KBr pellets, and 
that of the condensed thermolysis product was measured in a 
film deposited from acetone). 

Results and Discussion 

The mode  of  f ragmentat ion of  EIT under  electron 
impact  is demonst ra ted  by the data  in Table 1. The 
mass spectrum of EIT also contains  a low-intens i ty  
(-7 %) peak with m/z 254, which indicates the presence 
of  an 12 admixture  not  exceeding 0.5 mass. % (as esti- 
mated  taking into account  the volati l i ty of  12 and the 
low intensity of  the [I2] + molecu la r  ion). 

To assess the  thermal  stability, we recorded the 
kinetics of  EIT mass loss with p rog rammed  heating of  
the sample at a rate of  0.5 deg min  - I  in air. Intense 
mass loss by EIT is observed in the t empera tu re  range of  
130--170 ~ In vacuo, the  compound  sublimes rapidly 
and reprecipi tates  onto the cold walls of  the react ion 
vessel. For  this reason, all subsequent thermogravimetr ic  
experiments  were carried out  in krypton or air at a tmos-  
pheric  pressure. 
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Table 1. Fragmentation of EIT under electron impact 

m/z* Formula Io,;r~ m/z Formula Irel 
of the ion (%) of the ion (%) 

224 (M+) C3HsN4J 65 43 C2HsN 22 
196 C3HsN2I 3 42 C2H4N 23 
181 CN3I 7 41 C2H3N 21 
167 CN2I .77 40 C2H2N 9 
140 CHI 56 29 C2H5 47 
139 CI 45 28 N2,C2H 4 49 
128 HI 18 27 HCN 80 
127 I 100 26 CN 10 
97 C 3 H 5 N  4 12 15 CH 3 18 
57 C2HsN2 28 

* Peaks with intensities below 1% are not listed. 
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Fig. 1. Kinetics of the thermolysis of EIT in air. Weight of 
samples 15-- 17 rng. 

The kinetic curves of EIT thermolysis under isother- 
mal conditions are presented in Fig. 1. We should note 
the complexity of the kinetics of this process. A decrease 
ill temperature results in an increase in the fraction of 
products that are volatile under thermolysis conditions. 
Since the maximum extent of EIT decomposition, as 
estimated from the relative amount of the products (or 
the fraction of the condensed residue), is a function of 
temperature, the effective activation energy of the proc- 
ess was calculated from the dependence of the initial 
rate of mass loss on the temperature. The initial rates of 
EIT thermolysis in krypton at 90, 110, 120, 131, and 
152 ~ are 1.3+0.1; 4.8_+0.3; 10.9_+0.9; 21+2, and 
170-+12 % min - l ,  respectively. It should be noted that 
the initial rates of thermolysis in air are almost the same 
(1.2+0.1, 4.8+0.2, 10.5_+0.8, and 20+3 % min -1 at 90, 
110, 120, and 130 ~ respectively). 

The dependences of the logarithms of the initial rates 
of EIT thermolysis on the inverse temperature imply 
that the process does not obey the Arrhenius equation. 
In this case, the effective activation energy (E~f) is 
temperature-dependent.  Calculations show that Ecf 
changes from 40 to 175 kJ tool -1 in the temperature 
range from 90 to 150 ~ We shall demonstrate below 
that Eel = 174 kJ mo1-1 for the thermal decomposition 
of EIT in a closed reaction system. When thermolysis of 
EIT is carried out in an open system, in the low- 
temperature range EIT predominantly undergoes evapo- 
ration followed by condensation on the vessel walls (as 
identified by the IR spectrum). An increase in the 
temperature results in an increase in the contribution of 
thermal decomposition, which has a much higher ther- 
mal coefficient than evaporation. The estimate made 
demonstrates that the initial rate of thermal decomposi- 
tion at 150 ~ is 30--40 times higher than the initial 
rate of evaporation of the sample. A brown compound, 
which condenses on heating the sample at 150 ~ 
turned out to be crystalline iodine. 

Thus, evaporation and thermal decomposition of the 
sample occur simultaneously in an open reaction sys- 
tem. For this reason, the subsequent kinetic study of the 
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Fig. 2. Kinetics of the thermal decomposition of melted EIT in 
vacuo. Weight of samples 3 mg, volume of the reaction vessel 
4 mL. 

thermal decomposition of EIT was carried out in a 
closed vessel that had no temperature gradient over the 
volume. When thermolysis was carried out in Burdon 
manometers, we found the kinetic parameters of the 
process to depend on the ratio of the sample weight and 
the volume of the reaction vessel. Therefore, all subse- 
quent experiments were conducted in reaction vessels of 
the same volume (4 mL) using samples of the same 
weight (3 mg), i.e., at m/V  = 0.75 mg mL -1. Figure 2 
shows kinetic curves of the thermal decomposition of an 
EIT melt in vacuo at 90--150 ~ The initial jumps on 
the kinetic curves (5--10 Tort) originate from the emer- 
gence of H20 , I2, and the original EIT into the gas 
phase (mass spectrometric data). We estimate that the 
fraction of EIT in the gaseous phase ranges from 3 to 
7 %, depending on the temperature. At high degrees of 
conversion the pressure decreases, which indicates that 
some of the volatile thermolysis products are transferred 
to the condensed phase due to secondary reactions. The 
thermal decomposition of EIT obeys a first-order kinetic 
equation up to an extent of the reaction above 80 %. 
The rate constants of the thermal decomposition of 
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melted EIT at temperatures of 90, 110, 120, 130, 140, 
and 150 ~ are (8 .2+0 .8 ) '  10-7; ( 1 . 2 + 0 . 3 ) ' 1 0 - 5 ;  
(4.2+0.4)" 10-5; (1.8+0.4).  10-4; (6.9+0.8)" 10 -4, and 
(2.2+0.2)" 10 .3 s -1, respectively. 

The reaction studied obeys the Arrhenius equation 

k = 10 (18'8+-2"2) exp[( -173900+8900) /RT]  s -1. 

The activation parameters of the thermal decomposi- 
tion of EIT differ markedly from those of 1,5-disubsti- 
tuted tetrazoles containing phenyl and alkyl substitu- 
ents 6,7 (these compounds are characterized by activation 
energies of 188--206 kJ mol - I  and pre-exponential fac- 
tors of 1015-1016 s-l) .  We studied the thermal decom- 
position of EIT in solution using as solvents polypropyl- 
ene glycol-1000, glycerol, dimethyl phthalate (DMP), 
and m-dinitrobenzene (m-DNB), in which EIT is soluble. 
Only DMP and m - D N B  turned out to be suitable 
(polypropylene glycol-1000 and glycerol are chemically 
incompatible with EIT and react rather quickly with 
dissolved iodine, which is one of the products of thermal 
decomposition of EIT, under thermolysis conditions). 
The thermal decomposition of EIT in DMP and m-DNB 
was carried out in vacuo at temperatures of 130--160 ~ 
As in a melt, the kinetic order of the process equals one. 
The rate constants of the thermal decomposition of EIT 
in DMP and m-DNB are listed in Table 2. 

The thermal decomposition in both solvents obeys 
Arrhenius-type equations: 

k(DMP ) = 10 (17"2+1"3) exp[( -167300+8500) /RT]  s -1 

k(m.DNB) = 10 (18'2+-1'2) exp[( -174000+9000) /RT]  s - t  

An analysis of  data from pyrolytic mass spectrometry 
(Fig. 3) makes it possible to hypothesize on the compo- 
sition of the products that are volatile under pyrolysis 
conditions (160 ~ 10 -5 Pa). These are (in order of 
increasing molecular weight): N 2 (28), CH2=CHNHC=-N 
(68), CH3CH2NHC~-N (70), HI  (128), CH3I (142), 
CH3CH2I (156), and 12 (254). The fraction of N 2 in 
gaseous products that do not undergo condensation at 
25 ~ is close to 82 %. The thermal decomposition of 
EIT in a melt is accompanied by formation of a con- 
densed residue, which is soluble in polar compounds 
(e.g., acetone). It should be noted that the IR spectra of 
the condensed products of thermal decomposition of 
EIT in air and in vacuo coincide, which implies that 
oxygen is not chemically bound during thermolysis of 
EIT in air. A comparison of the IR spectrum of the 

Table 2. Rate constants  of thermal decomposit ion of  EIT in 
solutions 

Solvent k/104 s -1 
130 ~ 140 ~ 150 ~ 160 ~ 

DMP 1.08+_0.09 2.98+_0.25 8.85+_0.60 26.8+1.2 
m-DNB 0.61+0.04 1.80+-0.15 6.50+-0.45 19.5+-1.0 
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Fig. 3. Mass spectrum of the products of thermal decomposi- 
tion of EIT in vacuo at 160 ~ 

original EIT with that of the condensed residue indi- 
cates that the bands at 1460 and 1380 cm - l  disappear 
due to thermal decomposition of the tetrazole rings. The 
IR spectra of  the condensed products of thermolysis of 
EIT contain bands at 3310 (NH),  1585--1605 (C=N),  
and 1135 and 1070 cm - I  (C--N),  as well as a band at 
2245 cm - l  attributable to stretching vibrations of 
- - C - N  and/or  = C = N - -  groups. Low-tempera ture  
thermolysis of EIT gives rise to a new band in the IR 
spectrum (770 cm-l ) ,  which can be attributed to defor- 
mation vibrations of the substituted isotriazine ring. l~ 

Data from pyrolytic mass spectrometry, IR spectros- 
copy, and kinetic measurements make it possible to 
assume that thermal decomposition of EIT starts with 
thermal tautomeric rearrangement into azidoazomethine, 
which is typical of 1,5-disubstituted tetrazoles. 6,7 

Et 
i 

/ N ~  N 
, - c  II ~ " I~'C=N--Et 

The mechanism of subsequent thermal transforma- 
tions is specific and differs from the generally accepted 
nonradical mechanism of the thermal decomposition of 
tetrazoles. The thermal decomposition of IC(N3)=NEt 
occurs by homolytic cleavage of the iodine--carbon 
bond: 

I '~C=N--Et ~ I" + ~ 
/ / 

N3 N 3 

The reactions involving I" yield 12, EtI, MeI,  and 
HI. One cannot rule out the possibility that alkyl iodides 
are also formed by direct abstraction of EtI and MeI 
from an IC(N3)=NEt molecule. This pathway of de- 
composition is supported by pyrolytic mass spectrometry, 
which mainly detects primary thermolysis products. 
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The sequence of  the thermal transformations of  the 
"C(N3)=NEt  radical can be represented as follows: 

"C=N--Et H'~ -N2 H"C=N~Et 
NJ . /  

H"C----N--Et ~ HN=C-----N--Et 
t 

:N 

Carbodiimide can undergo isomerization to give 
ethylcyanamide, EtNHC---N, or cyclotrimerization into 
a isotriazine derivative: II 

3Et--N=C=NH 

NEt 

H N ~ " , - N H  

The formation of  a cyclotrimerization product is 
indicated by IR  spectroscopic data (see above). 

The authors are grateful to O. A. ]vashkevich and P. 
N. Gaponic  (Belarussian State University), who pro- 
vided the samples of  the tetrazole. 
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