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Abstract —Termal decomposition of-cyanoethylN-nitramine in melt is preceded by protonation of the
amino nitrogen atom and is accompanied by evolution of nitrogen(l) oxide with formation of acrylonitrile.
Thermal decomposition of big{cyanoethyl)N-nitramine under similar conditions follows a radical
mechanism with initial dissociation of the NN bond. The same mechanism is operative in thermal
decomposition of bothN-nitramines in a dilute dibutyl phthalate solution.

Gas-phase thermal decomposition of primary and The decomposition products of compouhdvere
secondaryN-nitramines follows a common radical nitrogen(l) oxide, molecular nitrogen, traces of carbon
mechanism involving initial homolytic dissociation dioxide, water, acrylonitrile, and acrylic acibll-Nitr-
of the N—-N bond [1, 2]. It is not quite clear whether aminell gave rise mainly to nitrogen(lV) oxide, nitro-
the same mechanism is general for decomposition @en(ll) oxide, nitrogen(l) oxide, molecular nitrogen,
primary and secondar\N-nitramines in condensed water, acrylic acid, and acrylonitrile. Some products
phase. This may be due to various factors whiclwere not identified. The major gaseous product
determine the reactivity oN-nitramines on heating formed from compoundl was nitrogen(l) oxide,
in condensed phase. while decomposition oll gives mainly nitrogen(IV)

Using pB-cyanoethylN-nitramine () and bis- oxide. Study of the kinetics of thermal decomposition

(B-cyanoethyl)N-nitramine (1) as examples, in the of nitramine | following the accumulation of nitro-
present work we studied the kinetic relations and?€N() oxide and of nitraminell —following the
product structure in the thermal decomposition oficcumulation of nitrogen(lV) oxide showed that the

primary and secondari-nitramines in melt and in 'eaction mechanism does not change relative to
solution in a weakly polars(= 6.46) inert aprotic manometric measurements. The kinetic parameters
solvent, dibutyl phthalate, with the goal of elucidating®'® Summarized in Table 1.

the reaction mechanism. Depending on the nitramine Presumably, the observed acceleration of decom-
structure, their decomposition in melt followed dif- position of N-nitramine Il is the result of reaction
ferent patterns. The decomposition of nitramihe of decomposition products with the substrate. In order
occurred to a conversion of 300% and was of the to verify this assumption we studied the effect of
first order. The transformation of compountd was gaseous and condensed decomposition products on the
characterized by acceleration, and the kinetic curveginetics of the process (Fig. 2). The results showed
were S-shaped. We examined the effects of degree of

filling of the reaction vesselnfV) and of the ratio m3\//,
of the surface of the vessel to its volum&\() on ey
the rate of decomposition. Variation of tma/V ratio 100
from 1.1x10% to 1.2x10°° g/cn? almost did not

affect the rate of decomposition of compoundvhile 50
the initial rate of gas evolution in the decomposition

of compoundll slightly decreased as th&/V ratio

rose (Fig. 1). Change of th&V ratio by a factor of 0 50 100 150
2-3 had almost no effect on the rate of decomposition T, min

of compoundsl and Il . These findings indicate that

decomposition ofN-nitramines is not accompanied  Fig. 1. Effect of them/V ratio on the thermal decomposi-
by heterogeneous processes on the walls of the vesseltion of bis@-cyanoethyl)N-nitramine (1) at 215C:
and is homogeneous. (1) 1.9x107%, (2) 1.0x103, (3) 1.2x1072 glenr.
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Table 1. Kinetic parameters of thermal decomposition of nitramidesand Il (k and AS* at 200C)

C(;rgp. Conditions Tempc))?:rature, kx10° st E, kJ/mol logA AS*, Jmott K-t
I Melt 140-180 781.% 119.9 11.13 -44.0
Melt (by N,O) 140-180 802.¢ 120.7 11.23 -42.1
0.3% Solution 200-240 0.65 171.5 13.75 6.2
I Melt 200-250 1.10 169.6 13.75 6.2
Melt (by NO,) 200-230 1.24 170.8 13.95 10.0
5% Solution 210-250 0.68 172.9 13.92 9.4

@ Calculated from the activation parameters.

that gaseous products formed at various degrees ©hble 2. Effect of the concentration of-cyanoethylN-
conversion either do not affect the kinetic parametersitramine () on the rate constant of its thermal decom-
at all or slightly (by a factor of 1.151.20) reduce position in dibutyl phthalate

the rate of decomposition. Addition of nitrogen(IV)
oxide insignificantly (by a factor of 1.21.3) decreases Tempera-| ¢, | kx10°, [Tempera-| c, | kx10C>
the rate of decomposition of nitramirie. Addition  ture, °C |wt% | st | ture, °C [wt% | s?
of the condensed residue (Zb wt %) obtained by
complete decomposition df to a new portion of the 150 25.2| 4.17 200 21| 731

substrate changed of the reaction kinetics, and the 17.0| 2.28 12| 2.04
initial decomposition rate increased by a factor@D. 11.2| 0.85 05| 0.70
Addition of 5-7 wt % of acrylic acid also sharply 50| 0.15 0.3 | 0.65

accelerated decomposition df (Fig. 2). These data
indicate that the decomposition of nitramink is
catalyzed by acid condensed products formed during NH,NO, —> N,O + H,0O, (3)

the reaction. NCCH,CH; &= NCCH=CH, + H", (@)

As in melt, thermal decompositions of nitramines
| and Il in dibutyl phthalate solution followed dif- Probably, acrylic acid is formed as a result of
ferent kinetic patterns. Compounddecomposed with secondary hydrolysis of acrylonitrile. The formation
acceleration, whereas the decomposition Ibffol-  of nitrogen(l) oxide as the major product (0-98
lowed first-order kinetics. The specific rate of decom-0.99 mol per mole of the substrate) and acrylonitrile
position ofl depended on its concentration in solutionin the decomposition of, as well as the good agree-
(Table 2). The concentration of did not affect the ment between the activation parameters determined
rate constant of its decomposition. The activation

parameters of thermal decomposition for both nitr-V,cm3¥g .
amines are collected in Table 1. Primarily, we should 450 1
emphasize the lower activation parameters and greater :g
specific rate of decomposition of compouhdh melt, 300 4
as compared tdl ; on the other hand, the Arrhenius 25
parameters for 0.3% solutions of nitramire in 150 +

dibutyl phthalate almost coincide with those found for

nitramine 11 . L L L !

0 50 100 150 200 250 300

The mechanism of thermal decomposition of . min

primary nitramines in condensed state includes their
initial ionization [3-7]. By analogy, we can write Fig. 2. Effect of gaseous and condensed decomposition

Egs. (1)(4) for nitramine I: products on the thermal decomposition of Pigfyano-
ethyl)-N-nitramine (1) at 210C: (1) without addition;
2NCCH,CH,NHNO, (2) gaseous productgyy 150-230 mm, conversion 0.9;

N = (3) nitrogen(lV)oxide,py 125 mm; @) acrylic acid, 16
 —
5 NCCH,CHANH,NO, + NCCH,CHNNO,, (1) 12 wt % of the initial substrate amount5)(condensed

NCCHZCHZKIHZNOz(:) NCCHZCHJZr + NH,NO,, (2) residue obtained by complete decomposition Ibf
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from the accumulation of nitrogen(l) oxide and fromcurves were S-shaped, the rate constants were cal-
gage measurements (Table 1), are important argeulated from the initial rates which were determined
ents in favor of the mechanism given by Eqs—(#). by differentiation of the kinetic curves. The error in
Proton transfer from the donor molecule of primarydetermination of the rate constants did not exceed 7%,
nitramine to a weak acceptor, which may be anotheand the energies of activation and preexponential
nitramine molecule, involves intermediate formationfactors were determined with an accuracy of-0.3
of a molecular H complex [8]. As shown in [7], this 0.5 kJ/mol and 0.02 log unit, respectively.

stage can be rate-determining in the thermal decom-

position of primary nitramines in melt. Nevertheless, ACKNOWLEDGMENTS
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