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Thermal decomposition of (difluoroamino) polynitroalkanes 

V. N. Grebennikov, G. M. Nazin,* and (7. B. Manelis 

Institute of Chemical Physics in Chernogolovka, Russian Academy of Sciences, 
142432 Chernogolovka, Moscow Region, Russian Federation. 

Fax: +7 (096) 515 3588 

The compounds RC(NO2)2NF2 differ little from their nitro analogs, RC(NO2)3, in 
stability. They decompose in the gas and liquid phases at identical rates and the decomposition 
is controlled by cleavage of a C--NO 2 bond. For R = NO 2, F, and Me the Arrhenius 
parameters, E (kJ mo1-1) and log (A/s), are: 161.3 and 16.00; 180.2 and 16.20; 168.4 and 
16.00, respectively. 
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nism. 

c~-(Difiuoroamino)polynitroalkanes,  RC(NO2)2NF 2, 
represent a new class of  high-energy compounds  1 that  
are promising for the development  of powerful explo- 
sives and oxidizing agents for jet fuels. Therefore, the 
determinat ion of the stabilities of these compounds and 
an investigation of the mechanism of their thermal  
decomposi t ion are of interest. In  the present work we 
studied the decomposi t ion of the simplest compounds 
of this class, viz., C(NO2)3NF2 (1), FC(NO2)2NF2 (2), 
and MeC(NO2)2NF 2 (3) in  the gas phase, and 1 and 3 
also in the liquid phase. Using these examples we 
elucidated the characteristic features of the decomposi-  
t ion and found a significant regularity that may make it 
possible to predict the stability of this class of com-  
pounds as a whole. 

Experimental 

The kinetics of decomposition was studied by the mano- 
metric method. The degree of decomposition was 70--100 %. 
The kinetic curves were processed using a modified Hugenheim 
method (linearization in Pt -- Pt+lxt coordinates), which does not 
require that the final pressure P~o corresponding to a degree of 
decomposition of 100 % be known and, moreover, allows this 
pressure to be determined from any sufficiently long section of 
the curve. At low temperatures the reaction was arrested when a 
5--10 % degree of decomposition was attained. The first-order 
rate constants were calculated from the time it took for a degree 
of decomposition of 1% to be reached. The P~o value necessary 
for the calculations was determined in prolonged runs at higher 
temperatures. For the gas-phase decomposition, the effects of 
the initial vapor pressure P0 (which varied between 15 and 250 
Torr), the ratio of the surface area of the vessel to its volume, 
S/V (0.5--10 cm-1), which was varied by varying the diameter 
of the vessel or by filling it with glass capillaries, and, in some 
cases (for compound 3), of inhibitors of chain processes, NO 2 
and I s, on the reaction rate were studied. For the decomposi- 
tion of the compounds in the liquid state, the degree of filling 
of the vessel with the substance, m/V, varied from 0.025 to 

0.25 g cm -3, and the rate constants were calculated as for the 
low-temperature gas-phase decomposition. 

When the degree of decomposition is less than 90 %, 
decomposition of compounds 2 and 3 is described by a first- 
order equation. The PJPo ratio remains practically constant at 
various temperatures and is 2.9--3.0. In the case of compound 
1, the shape of the kinetic curves is typical for a two-step 
consecutive process whose second step occurs several times 
more slowly than the first step (Fig. 1). It is likely that 
decomposition of compound I yields a product that is unstable 
at the experimental temperature. Decomposition of 1 is de- 
scribed by a first-order equation only when the degree of 
decomposition is lower than 40--60 %. In this initial step of the 
process, the PJPo ratio decreases from 3.5 to 2.2 as the 
temperature increases from 140 ~ to 175 ~ At the same time, 
when the second step is completed, the overall gas evolution is 
4P0. When S/V> 10 cm -1, the reaction occurs in one step with 
a rate constant identical to that observed at low S/Vvalues, and 
P~/Po = 4p0. 

The data on the gas-phase decomposition of 1 are presented 
in Table 1. The studies carried out with compounds 2 and 3 
involved similar variation of the experimental conditions. All of 
the above-listed factors (P0, S/V, inhibitors, mill) have no 
effect on the rates of the processes. The parameters for the 
Arrhenius equations for the first order reactions of the decom- 
position of compounds 1--3 are listed in Table 2. For compari- 
son, we give the data for pure nitro analogs of 1--3, viz., 
compounds RC(NO2) 3. 

Results and Discussion 

The facts that these reactions obey first-order kinet-  
ics and the rate constants do not  depend on Po, S/V, 
and inhibitors, and that the rates of decomposi t ion in 
the gas and liquid states are similar imply that the 
decomposit ion is a homolytic monomolecu la r  reaction. 
The great magnitudes of the pre-exponential  factors 
agree with a mechanism that involves dissociation of 
the molecule into two large moieties, i.e., cleavage of a 
C - - N O  2 or C - - N F  2 bond. The energies of dissociation 
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Fig. 1. The kinetic curves (a) and linearization in Pt -- Pt+at 
coordinates (b): MeC(NO2)2NF2, 190 ~ P0 = 100 Tort, Ap~o = 
195 Torr, PJPo = 2.95, At = 10 re_in (1); C(NO2)3NF2, 
160.5 ~ P0 = 107 Torr, Ap = 175 Torr, PJPO = 2.63, At = 10 
min (2); equal pressure iines (3). 

TaMe 1. The conditions of the experiments and the rate con- 
stants of the first step of decomposition of F2NC(NO2) 3 in the 
gas phase 

Run T The alia- S/V Po P~/Po k/s-I 
/~  meter of /em - l  /Torr 

the vessel 
/cm 

1 109.5 3 2 63 

2 110.0 3 2 113 
3 119.8 3 2 245 
4 130.0 3 2 68 
5 130.0 3 2 157 
6 130.0 3 2 16 
7 140.0 3 2 15 
8 140.0 12 0.5 15 
9 140.0 3 2 132 
10 140.3 3 2 142 
11 160.5 3 2 107 
12 160.3 3 2 62 
13 160.5 3 2 30 
14 160.0 3 2 20 
15 160.0 12 0.5 109 
16 160.0 12 0.5 20 
17 160.7 5 i0 154 

(with tilting) 
18 169.5 3 2 140 
19 174.5 3 2 180 

3.50 1.26- 10 -6 
(accepted) 
The same 8.30.10 -7 

,-~ 4.74" [0 -6 
,~ 1.18" [0 -s 
,-~ 1.50 10 -5 
~-~ 1.45 10 -5 

3.30 3.51 10 -5 
3.10 3.33 10 -5 
3.52 3.35 10 -5 
3.56 3.30 10 -5 
2.63 3.83 10 -4 
2.58 3.25 10 -4 
2.50 4.30 10 -4 
2.67 4.08 10 -4 
2.40 4.02" 10 -4 
2.50 4.22" 10 -4 
4.33 4.00" 10 -4 

2.39 8.24.10 -4 
2.30 1.45.10 -3 

Table 2. The kinetic parameters of thermal decomposition of 
a-(difluoroamino)polynitroalkanes and their nitro analogs* 

Com- State T/~ E~ log(A/s) k/s -1 
pound kJ tool -1 (100~ 

F2NC(NO2)3 Gas 110--175 161 .3  16.00 2.7.10 -7 
Li- 80--90 162.1 16.40 5.2- 10 -7 

quid 
FC(NO2)2NF 2 Gas 170--220 180.2 16.20 1.0.10 -9 
MeC(NO2)2NF 2 Gas 170--190 168.4 16.00 2.7.10 -8 

Li- 120--140 168.4 16.00 2.7.10 -8 
quid 

C(NO2) 4 Gas 160.0 16.30 8.1 �9 10 -7 
Li- 80--110 1 5 6 . 7  15.50 3.8" 10 -7 

quid 
FC(NO2) 3 Gas 178--236 175.6 15.40 6.9" 10 - l~  
MeC(NO2) 3 Gas 160--210 181.0 17.11 6.2" 10 -9 

Li- 100--140 178 .5  16.93 9.i �9 10 -9 
quid 

* For the data on polynitroalkanes, see Refs. 2 and 3. 

of  the C - - N F  2 bonds in compounds  1 - -3  are I 188.1, 
199.9, and 208.2 kJ mo1-1, respectively, i.e., they are 
much  greater than the activation energies observed. On 
the other  hand, the kinetic parameters  and absolute 
rates o f  decompos i t ion  of  compounds  1 - -3  do not 
differ from those o f  the nitro analogs RC(NO2)  3 within 
the limits of  exper imental  error (the accuracy of  the 
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determination of activation energy was 6 kJ mol - t )  (see 
Table 2). Therefore, one may conclude that decompo- 
sition of  compounds  1--3  occurs via cleavage of  
C - - N O  2 bonds, rather than C - - N F  2 bonds. The effect 
of  an a - N F  2 group on the strength of a C - - N O  2 bond is 
equivalent to that of  a nitro group. In other words, the 
replacement of  one nitro group in RC(NO2) 3 by N F  2 
does not result in a change in the mechanism or the 
rate of  decomposition. This fact can be used for pre- 
dicting the rates of  decomposi t ion of ~-(difluoro- 
amino)polynitro compounds using the data for more 
easily available nitro compounds that have been studied 
in more detail. 4 

By analogy with the previous studies, s,6 three main 
pathways for the transformation of the RC" (NO2)NF 2 
radicals formed in the first step of the decomposition of 
RC(NO2)2NF 2 can be considered: oxidation (a), ejec- 
tion of F (b), and rearrangement with abstraction of  
NO 2 ( c ) (Scheme  l). 

At temperatures around 150 ~ compound 4 and, 
especially, compounds 5 and 6 should be stable final 
products in the case when R = Me and F, or unstable 
intermediate products when R = NO 2. This probably 
accounts for the fact that decomposition of 1 occurs in 
two consecutive steps. Reactions b and c, unlike a, 
should have activation barriers, and their relative role 
with respect to the roles of a and other oxidation 
reactions yielding large quantities of gases should in- 
crease when the temperature increases. This may ac- 
count for the decrease in the PJPo ratio in the first step 
of the decomposition of 1 when the temperature in- 
creases. 

Scheme 1 

NO 2 0 t l  
RQ(NO2)NF 2 ~ R C - N F  2 + NO + NO 2 

8 

R C - N O  2 + F RCF + NO 2 
II I |  
NF NF 

5 6 

The authors are grateful to A. A. Fainzil 'berg and 
S. A. Shevelev for providing the compounds for the 
study. 

References 

1. V. I. Pepekin, Khim.fizika [Chem. Physics], 1994, 13, 42 (in 
Russian). 

2. G. M. Nazin and G. B. Manelis, [zv. Akad. Nauk SSSR, Set. 
Khim., 1972, 811 [Bull. Acad. Sci. USSR, Div. Chem. Sci., 
1972, 21, 768 (Engl. Transl.)]. 

3. G. M. Nazin, G. B. Manelis, and F. 1. Dubovitskii, Izv. 
Akad. Nauk SSSR, Set. Khim., 1968, 2628 [Bull. Acad. Sci. 
USSR, Div. Chem. ScL, 1968, 17, No. 12 (Engl. Transl.)]. 

4. G. M. Nazin and G. B. Manelis, Usp. Khim., 1994, 63, 327 
[Russ. Chem. Rev., 1994, 63 (Engl. Transl.)]. 

5. D. S. Ross, T. Mill, and M. E. Hill, J. Am. Chem. Soc., 
1072, 94, 8776. 

6. G. M. Nazin, G. N. Nechiporenko, D. N. Sokolov, 
G. B. Manelis, and F. I. Dubovitskii, Izv. Akad. Nauk SSSR, 
Set. Khim., 1968, 315 [Bull. Acad. Sci. USSR, Div. Chem. 
Sci., 1968, 17, No. 2 (Engl. Transl.)]. 

Received August 26, 1994 


