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Abstract—The thermal decomposition of 2,4,6-triazidopyridine in the melt is studied using thermogravimetry,
manometry, mass spectrometry, and IR spectroscopy. In the temperature range of 120–160°C, the process obeys
the first-order kinetic law, being described by the Arrhenius equation k [s–1] = 1012.8 ± 0.4exp[–(31200 ± 1500)]/RT
with values of the parameters typical of the thermal decomposition of aromatic and heterocyclic azides. The reac-
tion produces nitrogen, as the only gaseous product. Unlike the other heterocyclic azides, the decomposition of
which is characterized by anomalously high values of the Arrhenius parameters, the thermal decomposition of
2,4,6-triazidopyridine yields a condensed product having a system of polyconjugated bonds with higher force char-
acteristics. It is concluded that the decomposition of 2,4,6-triazidopyridine proceeds by a mechanism in which the
rate-limiting step is the dissociation of the nitrogen molecule from the azide group to form a nitrene.
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INTRODUCTION
In recent years, due to the increased interest in

nanomaterials, polyazides based on nitrogen hetero-
cycles are considered as intermediates for producing
carbon–nitrogen nanostructures [1–4]. The latter are
synthesized using the photolysis or thermal decompo-
sition of heterocyclic polyazides [4–7]. Furthermore,
polyazides are deemed as potential initiating explo-
sives and molecular nitrogen generators. It is known
[8–12] that heterocyclic polyazides are extremely sen-
sitive to mechanical and thermal influences. This fact
was taken into account when carrying out the experi-
mental part of this work, which is devoted to studying
the kinetics, products (both gaseous and condensed),
and mechanism of the thermal decomposition of
2,4,6-triazidopyridine

EXPERIMENTAL
Compound I was synthesized by triazidation of

2,4,6-trif luoropyridine with sodium azide in dimethyl

sulfoxide according to the known procedure [13].
Melting points, IR spectra, and 1Н, 13С, and 15N
NMR spectra of I corresponded to the literature data
[14]. Before the experiments, I was recrystallized from
ethanol. The purity of I was confirmed by elemental
analysis; measured: 1.12 wt % H, 29.84 wt % C, and
69.07 wt % N; calculated: 1.00 wt % H, 29.71 wt % C,
and 69.29 wt % N.

Preliminary thermogravimetric experiments were
conducted in an open reactor system (quartz beaker
suspended from the arm of an ATV-14M thermobal-
ance [15] on a platinum wire) in dry argon (1 atm) at
a sample heating rate of 4°C/min. The kinetics of the
thermal decomposition of I in the melt was studied
under isothermal conditions by using a Bourdon
glass gauge [16].

The gaseous products of thermal decomposition of I,
noncondensable under normal conditions, were ana-
lyzed on a MI-1201V mass spectrometer (ionizing
electron energy, 70 eV; accelerating voltage, 5000 V).
The structure of the solid residue was analyzed by
infrared spectroscopy on an ALPHA FTIR spectrom-
eter (Bruker Optics).
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EXPERIMENTAL RESULTS 
AND DISCUSSION

Figure 1 shows how I decomposes in an noniso-
thermal mode. It can be seen that, under these condi-
tions, the reaction proceeds in a temperature range of
90 to 160°C, resulting in a weight loss of up to 60%.

The thermal decomposition of I in the melt obeys
the first order kinetic law up to a 80% conversion. At
higher degrees of conversion, the first-order kinetic
equation does hold, apparently due to the occurrence
of secondary processes. The values of reaction rate
constant versus the temperature are listed in the table.
This dependence is linear in the Arrhenius coordinates
(Fig. 2), given by

k(I) = 1012.8 ± 0.4exp[–(31200 ± 1500)]/RT, 
s–1 (r = 0.993),

where R = 1.987 cal mol–1 K–1.
Mass-spectral analysis of the data (Fig. 3) shows

that nitrogen is the only gaseous product of the ther-
mal decomposition of I in the temperature range cov-
ered. Note that the purity of the resulting nitrogen is
close to 100%.

IR spectroscopic examination of the solid product
of the thermal decomposition of I in the melt revealed
that it is a compound having polyconjugated bonds
between C and N atoms (Fig. 4). Along with stretching
(1200–1600 cm–1) and bending (500–820 cm–1)
vibrations of the system of conjugated bonds, the IR
spectra of the thermal decomposition products of I
exhibit bands within 2120–2160 cm–1, belonging to
residual azide groups stabilized by the inhibitory effect
of the solid matrix of the product [12]. The 2210–
2260-cm–1 weak bands belong to C≡N triple bonds
[17], present in small amounts.

The above data indicate that, in its kinetic behav-
ior, I differs significantly from similar compounds,
such as 2,4,6-triazido-1,3,5-triazine and 2,4,6-triazi-
dopyrimidine. The thermal decomposition of the lat-
ter two compounds is characterized by anomalously
high values of the preexponential factor, a feature that

Fig. 1. Nonisothermal kinetics of the thermolysis of com-
pound I in an argon atmosphere (1 atm.). The linear heat-
ing rate, 4°C/min; the sample weight, 6.1–6.2 mg.
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Fig. 2. Arrhenius dependence of the rate constants for the
thermal decomposition of compound I in the melt.
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Fig. 3. Mass spectrum of the gaseous products of thermal
decomposition of compound I (140°C, 3 h).
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was attributed to the process being limited by polym-
erization (polycondensation), accompanied by the
formation of two-dimensional carbon–nitrogen net-
works [1]. This abnormality is apparently due to the
fact that the 2,4,6-triazido-1,3,5-triazine molecule
does not contain hydrogen, a factor that makes unfea-
sible the reaction of abstraction of a hydrogen atom
from a neighboring molecule by the nitrene formed in
the first event of decomposition of the azide group, a
reaction typical of the thermal decomposition of
organic azides. The 2,4,6-triazidopyrimidine mole-
cule contains only one hydrogen atom, so the afore-
mentioned polymerization (condensation) reaction
remains predominant [12]. The I molecule contains
two hydrogen atoms, which allows it to decompose by
the traditional mechanism, in which the rate-limiting
step is the decomposition of the azide group to the
nitrogen and nitrene [18–21].

This difference in the mechanisms of dissociation
of heterocyclic azides affects the composition of the
condensed decomposition products. By comparing

the IR spectra of the thermal decomposition products
of 2,4,6-triazido-1,3,5-triazine and 2,4,6-triazidopy-
rimidine (Fig. 4) in the region of stretching vibrations,
it is easy to see that, in the case of I, the corresponding
bands are shifted to shorter wavelengths, which can be
explained by a greater content of carbon in the decom-
position products of I as compared to 2,4,6-triazi-
dopyrimidine.

The possible scheme of the decomposition of I is given below:
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Fig. 4. IR spectra of the thermal decomposition products of (a) 2,4,6-triazidopyrimidine, (b) 2,4,6-triazido-1,3,5-triazine, and
(c) compound I.

500 1500 25001000 2000 3000

54
4 70
2

77
3

80
6

73
5

99
0

12
04

12
17

13
46

13
93 15

55
16

20

21
42

21
60

22
57

(2
33

5)
22

50

21
23

22
11

16
01

15
55

14
18

12
38

98
6

11
10

81
077
0

70
4

54
3

73
8

99
0

82
0

73
8

65
8

53
8

23
36

21
40

16
2115

40

14
3413

47

Wavenumber, cm–1

a

b

c

First-order rate constants for the thermal decomposition of
compound I in the melt (Bourdon gauge, m/  = 0.9–
1.0 mg/cm3)

Temperature, °C Rate constant, s–1

160 (9.4 ± 1.0) ×10–4

150 (5.3 ± 0.5) × 10–4

140 (2.0 ± 0.1) × 10–4

130 (9.0 ± 0.8) × 10–5

120 (2.3 ± 0.2) × 10–5

v
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(2)

(3)

(4)

In this scheme, reaction (1), the dissociation of the
azido group to form the nitrogen and the correspond-
ing nitrene, limits the rate of the entire process, a fea-
ture typical of the thermal decomposition of organic
azides. Reaction (2) is the abstraction of a hydrogen
atom from any neighboring molecule by the nitrene
formed to produce an amine, a reaction characteristic
of nitrenes. Reactions (3) and (4) are hypothetical.
They demonstrate how the aforementioned polycon-
jugated carbon–nitrogen bonds are formed.

The difference between the mechanisms of the
thermal decomposition of the above azides affects the
value of the reaction rate. A comparison of the rate
constants shows that the reactivity of heterocyclic
azides decreases in the series I > 2,4,6-triazidopyrim-
idine > 2,4,6-triazido-1,3,5-triazine.

Knowledge of the pressure of nitrogen released by
the thermal decomposition of I makes it easy to calcu-
late that, in the reaction under study, 1 mole of I pro-

duces 3.3 moles of nitrogen, which corresponds to a
weight loss of 46% of the starting material. This value
agrees well with the results of the nonisothermal
experiment (Fig. 1) and indicates that, during the pro-
cess, nearly all the azide groups dissociate, while the
heterocycles remain unaffected.
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