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THERMAL STABILITY AND THERMAL DECOMPOSITION OF
N-OXIDES

O. R. Klyuchnikov and Yu. Yu. Nikishev

Kinetic manometric studies indicate that the first step in the thermal decomposition of a number of N-oxides
is the formation of a cyclic activated complex. There is a correlation between the thermal stability of the
compounds studied in the liquid phase and the charge on the oxygen atom of the N-oxide group calculaied by
the MPDP method. Autocatalysis of gas evolution from halogenopyridine N-oxides is explained by hydrogen
halide autocatalysis. The limit of thermal stability for N-oxides is likely to be no greater than 270°C.

Heterocyclic compounds containing the N-oxide group as a plosive unit (i.e., a group providing explosive properties)
are of interest as possible high energy substances. In this connection studies of the thermochemistry and the prediction of the
thermal stability of N-oxides are of theoretical and practical interest,

In this work we have attempted to discover the general characteristics of the initial step in the thermolysis and to predict
the thermal stability limit for N-oxides on the basis of manometric studies. Table 1 contains Arrhenius parameters for thermal
decomposition (£, 1g A), the thermal stability limit (7, “C at which the rate constant for decomposition & = 1-10 0 gec Ty,
T the experimental temperature range and g0, the electronic charge on the oxygen atom of the N-oxide group calculated by
the MPDP method with optimization of the molecular geometry. The data are from the present and previous studies {1-3].

The similarity of the kinetic parameters for gas phase and liquid phase thermolysis of the N-oxides studied and the
negative entropies of activation for benzofuroxanes {1], pyridine N-oxides [2] and azoxybenzene 3] suggest that the first step
in the thermolysis of these compounds is the formation of more ordered cyclic active intermediates:
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The formation of similar intermediates suggests that the N—O bond is the reactive center for the itial steps of the
thermolyses of the N-oxides studied. In fact the correlation of the rate constants for the liquid phase thermolysis of a series
of pyridine-N-oxides with the calculated parameters of the N—O bond found previously {2} applies to a wider range of N-
oxides. For example, the correlation of the thermal stability for the heterocycles 1, 1L IV, V, VIEXIV, XVII and
azoxybenzene in the liquid state (molten) with the calculated value of g0 is well expressed by the equation:

Biisk Lyceum, Altai Region, Biisk 659302, Kazan' State Technological University, Kazan' 420015. Translated from
Khimiya Geterotsiklicheskikh Soedinenii, No. 11, pp. 1573-1576, November, 1995. Original article submitted October 20,
1995

0009-3122/95/3111-1367$12.50 ©1996 Plenum Publishing Corporation 1367



£50P°0 917 1ol $91 [Nvd < $ 50¢ SPIXOIP-§ [-aWZEIAJOIPAYIPIAYISWENS L5 T T
- Ladl 1'g1 691 007 0¢1 ] z8 IPIXO- | -2UI|OZEPIWI- - AUaLd- - AIWRNI L ¢ T
£50r°0 g1 L 20l SLLorl ] 6 2PIXO-[-AUlOZEPIWI-¢-[AUdYd-p-[ANaWRIURd -5 § T T
rT9L'0 L 0Tl 611 §EL00! B P51 apIxo- {-aUpUAdOIIU - UW0Ig- ¢
[£] | 060¥'0 g1z 1'01 151 087 00T I 9f IUBZUAGAXOLY
[zi 168770 il ¢l il 051 0t s "Y1 aptaos [-api ade g prodolg iy 7
ezl | 1eseo 151 101 el 007 5ul 1 Py apixo- [-aupi oIy
ezl ] stivo 781 [N DI 151 077561 1 061 SpIxO- [-BUIPIIAUAYOIDAH-{
ezl | soit'o 61 1" 51 0€7 017 ] 601t apixo- | -UIPUADAXOIBWL L -§' 5T
ezl | 981¥'0 11z L 191 08T 01¢ i It apixo-|-3upUAIAIWL-9'¢'T
€'zl | vozv'o | zOT [ 951 SET00T ! - sprxo- [ -autpAd|Apawig-9'y
g7 | vize'o | S0T 671 7Ll 0877061 ] L8l 3p1xo- |-V PUAdIAPIN -+
le 7l sLzv'o | 0wz S0l 951 097077 1 i€ aprvo-1-autpu KA ANPIIN-€
le'zl | ezev'o | 81z S vo1 09701 i ¢y 3pixo- | -auiplIkg
[l | ev920 | 991 'zt 51 097087 3 I+ R0 [ 1oy 7] upt oI §- oUWy -
) Sl v'8 ran! OF1 81l ! )
[t} 1ogz0 | oLl £l 151 097 0T 3 Y6 suproIny-o-g TPty A
prl j A vl 00T 08! !
1] 6v1Z°0 981 [rdl 651 087 05T 3 PLl AUBXIIOZURuIIIC] g Al
[t ] s97°0 | 681 811 L5t 0877°0¥7 3 I SUBXOIRJOZURGOINN-S i
151 9'T1 151 00T 081 i
(1] 1192°0 681 811 851 087087 i f4d! UBXLINY n
(€] Lyl 6Tl 51 05101t i
(1] 1762°0 £61 e §91 067097 ki 4 aUFRLINUZUSY |
w,wwucm ob 2. " v TuMME A Do 'L aseyd D, ‘duw punoduwio’) N
paiprug SIPIXO-N 2f3 10} sialpwIeled 1 MA@{F

1368



T, = —324.45q0 + 60.76, r = 0.76, s = 21.5

where r is the correlation coefficient and 5 is the mean squared deviation.

The largest difference between T, calculated from this equation and the experimental value (61°C) apparently arises
from steric factors which were not taken into account for the sterically hindered imidazoline XVIII.

Despite the complexity and the ambiguous nature of the effect of the phase on the kinetics and mechanism of the
thermolysis of high energy substances containing nitrogen, a general tendency to increasing thermal stability with increasing
charge on the N-oxide oxygen can be discerned in the series of compounds studied.

Consequently it is possible to predict the thermal stability of N-oxides from the calculated characteristics of the N-O
bond.

The halogenopyridine-N-oxides XV and XVII have comparatively low thermal stabilities. The high initial rate of
thermolysis, characteristic of autocatalysis, did not permit the determination of the Arrhenius parameters 4-chloropyridine-N-
oxide [2]. These observations suggest halogen containing decomposition products are responsible for the autocatalysis. Model
experiments on the thermolysis of pyridine-N-oxide at 270°C in the presence of equimolar amounts of various chlorides gave
the following rate constants for the initial stage of thermolysis:

k(Py0)y =238 - 1070 sec™ !
k (PyO + NaCh =2,0 - 107° sec™ !
k(PyO + NH4Ch = 1.8 - 107° sec !

In the presence of ammonium chioride, a source of hydrogen chloride, the rate of thermolysis of pyridine-N-oxide
increased by an order of magnitude over the rate in the presence of sodium chloride (which does not give hydrogen chloride)
which indicates that hydrogen halide is the source of the autocatalysis.

Comparison of the kinetic parameters for imidazolines XVIII and XIX indicates different mechanisms for the initial
steps of thermolysis for N-oxides and nitroxyl radicals which will require further study.

These investigations show the simplest high energy model compounds have the greatest thermal stability. Introduction
of the electron withdrawing nitro group decreases the charge on the N-oxide oxygen atom and the thermal stability. The upper
limit for T, is limited by the thermal stability of the simplest compounds and will evidently not exceed 270°C.

EXPERIMENTAL

The compounds studied were carefully purified by vacuum sublimation or recrystallization. Kinetics of thermolysis of
the heterocycles II, IV, V, and XVII-XX were studies by a manometric method under isothermal conditions (£ 0.2°C) in Pyrex
Bourdon manometer reactors with volumes of 8-10 cm? using 0.2-0.5 g samples. Kinetic curves for the thermolysis of
compounds II, IV, V, XVII, and XX are S-shaped. The thermal decomposition of compound XVIII follows first order kinetics
to a large degree of conversion of the starting material. Rate constants for gas evolution were determined for the initial part
of the decomposition curves to 1-2% conversion of the starting material. The Arrhenius parameters were calculated from 4-5
rate constants measured over the temperature limits given in Table 1.
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Branch, Russian Academy of Science) for donation of samples of compounds XVHI-XX and their co-worker V. 1. Starovoitov
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